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ABSTRACT

The present study was carried out during 2008/2009, 2009/2010 and 2010/2011 to
obtain information about the performance of maize inbred lines, genetic diversity,
gene action and assessment of the combining ability of parental lines and their Fis
by using diallel fashion. Genetic variability analysis revealed that days to maturity,
plant height and number of rows/cob had higher variability, heritability and
genetic advance in percentage of mean. Broad-sense heritability estimates of the
characters were higher in magnitude (66.08 to 93.41%) indicating greater genetic
impact on these characters. Positive significant phenotypic and genotypic
correlations were found for days to maturity, number of kernels/row and number
of grains/cob. The path analysis revealed that number of rows/cob, cob length and
number of kernels/row had the highest direct effect on grain yield, while plant
height and ear height and number of grains/cob had the highest moderate indirect
negative effects on grain yield. Selection indices were constructed through the
discriminate function using nine characters. From the results, the highest relative
efficiency was observed with the selection index based on four characters viz., ear
height, number of rows/cob, number of kernels/row and grain yield/plant. Cob
length, number of kernels/row and number of grains/cob could be the important
selection criteria in the improvement of maize lines and hybrids for higher grain
yield. The average inter-cluster was always higher than the average intra-cluster
distance suggesting wider genetic diversity among the inbred lines of the groups.
Cluster III had the highest intra and inter-cluster distance was maximum between
clusters I and II. So, the inbred lines chosen from these clusters would give broad

spectrum of variability in the segregating generation.

A half diallel set of six maize inbred lines were utilized to evaluate combining
ability and heterosis for yield and its components characters. General and specific
combining ability effects were significantly different among the parental lines.

The parents Ps and P4+ were considered suitable according to their yield capacities

X1V



and general combining ability effects. The variances for general (gca) and specific
(sca) combining ability for plant height, cob diameter and number of rows/cob
were highly significant indicating the presence of additive as well as non-additive

gene effects for controlling the characters.

In the present study the values of F for all the characters except cob diameter were
positive and greater than zero, which expressed that dominant alleles were more
frequent than recessive alleles. The estimate of additive genetic variance (D) was
significant for days to silking, days to maturity, ear height and number of rows/cob
indicating the importance of additive gene effect in their inheritance. Thus highly
significant values of the components D, H; and H» indicated the importance of
both additive and dominant gene effect for the characters under study. The ratio of
[4DH1)"2 +F]/[4DHi)'.-F] estimates the relative proportion of dominant and
recessive alleles in the parents. From Wr-Vr graph it has been noticed that
expression of dominant and recessive alleles in the parents was influenced by
environment as the same parent showed different positions on graphs. From this
study, it is concluded that parents with recessive and dominant genes can also

contribute towards high yield.

The mid parent heterosis values ranged from 1.73% (P1xPs) to 5.21% (P1xP2)
whereas, the useful heterosis values varied between-40.36% (P1xPs) and 4.94%
(P1xP2), and only five crosses had higher grain yield. Of these crosses, P1xPs,
P>xPs, P4xPs and PsxPs were considered promising hybrids and will be tested in
yield trials for further evaluation. Taking the lines of these promising crosses into
account, parents Ps and P4 may be used as parents in hybrid maize programs. In
addition to these parents, P3; with dominant genes, high yield and general

combining ability may be recommended as another parent.

XV
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INTRODUCTION

Maize (Zea mays L.; 2n=20) is an important cereal crop with high yield
potential. Maize stands third among the cereal crops in Bangladesh after rice
and wheat (BBS, 2009). It can be grown throughout the year because of its
photo-insensitiveness. World wide maize ranks first in terms of production and
yield but third in terms of area, next to wheat and rice (FAO, 2009). In
Bangladesh, maize has emerged as a third important cereal due to its versatile
uses. On global front, maize has gained tremendous importance due to rising
demand from diversified sectors like food, feed and ethanol production. Maize
is considered the third cereal crop after rice and wheat all over the world for
production and consumption. In addition to its use as a human food, it is also
utilized as a poultry and livestock feed and also as a fodder (White and
Johnson, 2003). Maize is used as staple food in many countries of the world
although its uses as human food are very limited in Bangladesh. Maize plays a
significant role in human and livestock nutrition world wide (Banttle and
Prasanna, 2004). In Bangladesh, area, production and yield of maize decreased
by 2.9%, 3.59% and 0.69%, respectively from the year 1967-68 to 1986-87 due
to utilization of traditional variety (Mohiuddin, 2003).

Introduction of hybrid varieties and appropriate management practices
increased area, production and yield by 19.83%, 34.40% and 14.56%,
respectively from the year 1987-88 to 2003-2004 (Moniruzzaman et al., 2007).
Now maize has become an important cereal in terms of yield (Maize: 5.36.,
wheat: 2.21; and rice: 2.15 ton/ha., Anonymous, 2003) but in terms of area and
production, it could be good source of nutrients for under-nourished and mal-
nourished populations in Bangladesh. From the trends of its increasing demand,
yield, acreage and production in recent years it seems that maize is going to

hold the second position next to rice in a few years.
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Although maize research started in the early 1970’s, its acreage and production
did not increase much until the mid 1990’s. With the introduction of hybrid
varieties and recent growth of poultry industries, maize cultivation has
expanded faster than any crop in the past. The present production is above 23
million tons from around 4 million hectares of land producing at a rate of 6
tons per hectare (Rashid et al., 2010). With the introduction of hybrid maize
varieties in the country the prospect of maize cultivation has become bright.
Maize is a unique crop because of its versatile use and low cost per unit
production. Maize is consumed either directly or indirectly by millions of
people. About 75% of maize is fed to animal, thus, indirect consumption is
greater than direct consumption. Demand of maize is likely to progressively
increase in near future. In order to fulfill the demand of additional food and to
maintain self-sufficiency in food of Bangladesh, maize can be considered as a
supplementary food to rice.

The development of hybrid varieties and production of hybrid maize seeds is
therefore, very important. Hybrid seed production requires development and
selection of suitable inbred parents. Moreover, due to industrialization,
urbanization and river erosion, 221 hectares of crop land is loosing every day
(Banik et al., 2009). So, production of more food from limited land is essential and
it is not possible to get required quantity of food from rice and wheat only. Maize
is the crop which can fulfil the demand. Bangladesh is a rice consuming country.
People of Bangladesh have changed their food habit to some extent and
consuming wheat also. The climatic condition of Bangladesh is suitable for maize
cultivation. That is why the acreage, production and yield of maize is increasing

steadily and maize is becoming important crop in Bangladesh.

In working towards this goal, particular attention is paid to grain yield as the most
important agronomic characteristic. Grain yield is a complex quantitative trait that

depends on a number of factors. It is under great influence of environmental
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conditions, has complex mode of inheritance and low heritability (Bocanski ef al.,
2009). Most of the yield components are less complex, and because of that using
some other traits which are highly correlated with grain yield and has higher
heritability, would make the selection of the best progenies more reliable (Vasic et
al., 2001; Bekavac et al., 2007, 2008). Because of that during selection of grain
yield, in order to select the best individuals, we need to determine the mean
values, components of variance and heritability of the studied traits. Besides,
knowing the correlations between the characters is also of great importance for
success in selection to be conducted in breeding programs, and analysis of
correlation coefficient is the most widely used one among numerous methods
that can be used (Yagdi and Sozen, 2009). Because correlation coefficient
measures the mutual association only between a pair of variables, when more
than two variables are involved, the correlations per se may not provide a clear
picture of the importance of each component in determining grain yield. The
appropriate knowledge of such interrelations between grain yield and its
contributing components can significantly improve the efficiency of breeding
programme through the use of appropriate selection indices (Mohammadia et
al., 2003). Assuming yield is a contribution of several characters which are
correlated among themselves and to the yield, path coefficient analysis was
developed (Wright, 1923; Dewey and Lu, 1959). Unlike the correlation
coefficient which measures the extent of relationship, path coefficient measures,
the magnitude of direct and indirect contribution of a component character to a
complex character and it has been defined as a standardized regression
coefficient which splits the correlation coefficient into direct and indirect effects.
Path coefficient analysis provides more information among the variables that do
correlation coefficients since this analysis provides the direct effects of specific
yield components on yield, and indirect effects via other yield components

(Garcia del Moral et al., 2003). Because yield is a quantitative character and is
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associated with other component characters which are influenced to varying

degree by the fluctuations in the environmental conditions (Chaugale, 1967).

A complete satisfactory criterion based on discriminant function selection
would be more desirable when a combination of two or more characters with
yield is studied in a selection index. The use of selection index technique would
serve a two-fold purpose: (1) to bring about the genetic progress
simultaneously in several characters and (2) to improve the yield through
selection for relatively more heritable auxiliary characters. The technique of
discriminant function analysis was first developed by Fisher (1936) and adopted
for plant selection by Smith (1936). Later on, different workers constructed
selection indices for different crops, such as Robinson et al. (1951) worked on
corn; Paroda and Joshi (1970) on wheat; Joarder et al. (1978), Samad (1991) on
rapeseed, Hussain (1997) on chilli and Ferdous ef al(2010) on wheat. The
demand for food is on the rise due to the growth of the human population. The
global maize stocks that have been shrinking uninterruptedly over the last 5

years already reflected the increased demand (Dias, 2005).

The development of improved varieties with high yield potential can be seen as
a possibility to increase production. Such varieties with qualitative and/or
quantitative superior traits over previously recommended varieties are
developed by genetic improvement, which represents one of the most
successful modern technologies in agriculture, and accounts for approximately
50 % of the yield increments of most crops (Fehr, 1987). To obtain genetic
gains in different traits there are some methodologies of simultaneous selection
(Cruz and Carneiro, 2003). Of these, the selection index proposed by Smith
(1936) and Hazel (1943) has been well-accepted in maize improvement
programmes. This index associates the information of different traits of
agronomic interest, based on economic weights, genotypic and phenotypic

variances of each trait and the respective covariances. Construction of selection
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indices and their analysis would give the most appropriate weightage to the
phenotypic values of each of two or more characters to be used simultaneously

for selection (Ferdous et al., 2010).

Genetic diversity is one of the useful tools to select appropriate lines for
hybridization. Precise information on the nature and degree of genetic diversity
helps the plant breeder in choosing the diverse parents for purposeful
hybridization (Samsuddin, 1985). The genetic diversity between the lines is
important as the genetically diverged parents are able to produce high heterotic
effects (Falconer, 1981; Arunachalam, 1981; Ghaderi ef al., 1984; Mian and
Bahl, 1989). Maize breeders are consistently emphasizing the importance of
diversity among the parental genotypes as a significant factor contributing to
heterotic hybrids (Ahloowalia and Dhawan, 1963). D? analysis is a useful tool
for quantifying the degree of divergence between biological population at
genotypic level and in assessing relative contribution of different components to
the total divergence both intra and inter-cluster level. Genetic divergence
analysis estimates the extent of diversity existed among the selected genotypes
(Murty and Arunachalam, 1966; Ram and Panwar, 1970; Sachan and Sharma,
1971 and Mondal, 2003).

The concept of general combining ability and specific combining ability was
introduced by Sprague and Tatum (1942) and its mathematical modeling was
set about by Griffing (1956) in his classical paper in conjunction with the
diallel crosses. The value of any population depends on its potential per se and
its combining ability in crosses (Vacaro et al., 2002). The usefulness of these
concepts for the characterization of an inbred in crosses have been increasingly
popular among the maize breeders since the last few decades. Combining
ability is a powerful tool in identifying the best combiners for hybridization
especially, when a large number of advanced inbred lines are available and
most promising once are to be selected on the basis of their ability to give

superior quality maize hybrids. Information on heterotic patterns and
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combining ability among the maize germplasms is essential in maximizing the
effectiveness of hybrid development (Beck et al, 1990). Development of
commercial maize hybrid usually requires a good knowledge of combining
ability of the breeding materials to be used. The success in commercial
production of hybrid maize depends on the availability of productive diverse
quality maize inbred lines and clear knowledge of gene action for specific
characters. The nature and magnitude of gene action is an important factor in
developing an effective breeding program. Combining ability analysis is useful
to assess the potential inbred lines and also helps in identifying the nature of
gene action involved in various quantitative characters. A series of combining
ability studies have been made by many workers from the International Maize
and Wheat Improvement Centre (CYMMIT) to establish heterotic patterns
among several maize check populations and gene pools, and to maximize their
yield for hybrid development (Beck et al., 1990, 1991; Crossa et al., 1990; Vasal
et al., 1992a). Likewise, the variances of general and specific combining ability
are related to the type of gene action involved. Variance for GCA includes
additive portion while that of SCA includes non-additive portion of the total
variance arising largely from dominance and epistatic deviations (Rojas and

Sprague, 1952).

Diallel crosses were devised, specifically, to investigate the combining ability
of the parental lines for the purpose of identification of superior parents for use
in hybrid development programmes (Malik et al., 2004). Analysis of diallel
data is usually conducted according to the methods of Griffing (1956) which
partition the total variation of diallel data into GCA of the parents and SCA of
the crosses (Yan and Hunt, 2002).

Combining ability describes the breeding values of parental lines to produce
hybrids. Sprague and Tatum (1942) used the term GCA to designate the
average performance of a line in hybrid combinations, and used the term SCA

to define those cases in which certain combinations do relatively better or
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worse than would be expected on the basis of the average performance of the
lines involved. In many studies, GCA effects for parents and SCA effects for
crosses were estimated in maize (Dehghanpour et al., 1996; San-Vicente et al.,
1998; Konak ef al., 1999; Chaudhary et al, 2000: Araujo and Miranda, 2001;
Kalla et al., 2001).

Heterosis breeding using best combiners is one of the methods to improve upon
the existing lines. Information on the genetic structure of a set of parents and
mode of gene action governing yield and its attributes could be useful in
designing suitable breeding procedures. For genetic studies various workers had
used different biometrical methods but amongst them the approach of Hayman
(1954a) and Mather and Jinks (1971) had been followed frequently. Genetic
analysis of some economic traits showed different pattern of inheritance. The
combining ability analysis helps in classifying the parents in terms of their
hybrid performance and in gaining greater understanding of the nature of
quantitatively inherited trait (Abd El-Aty and Katta., 2002; Ahmed and Saleem,
2003; El- Borhamy, 2004 and Ahmed et al., 2011).

The most limiting factors of maize research in Bangladesh are the development,
improvement and maintenance of parental/inbred lines. On the other hand, the
problems of imported hybrid seed are the introduction of high price and
uncontrolled quality. Moreover, the farmers can not get the seeds timely. One
important approach to improve this situation is the development of inbred lines
which can produce high yielding hybrid varieties. Before hybrid development,
prospective parent (inbred line) selection is a pre-requisite. Several studies on
maize have shown that inbred line from diverse stocks tend to be more
productive than crosses between inbred lines from the same variety (Vasal,
1992b). Development of suitable inbred parents based on the genetic
variability, diversity and combining ability for the production of hybrid seeds

have been used as an important breeding approach in maize improvement.
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A 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 (Weikai Yan and Manjit Kang, 2003).

Heterosis and combining ability is one of the powerful tools in identifying the
best combiner that can be used in crosses either to exploit heterosis or to
accumulate fixable genes. Genetic diversity and combining ability of lines are
important to obtain high heterosis values in the formation of maize hybrids
(Sallahuddin, 2008). For developing desirable hybrids, information about
combining ability of the parents and the resulting crosses is essential. (Banik,
2008).

One important approach to improve this situation is the development of inbred
lines which can produce high yielding hybrid varieties. Before hybrid
development, prospective parent (inbred line) selection is a pre-requisite. An
inbred line is a “pure line” developed by self-pollination and selection until
apparently homozygous plants are obtained. This usually requires five to seven
generations of inbreeding. After five to seven generations of inbreeding and
vigorous selection, vigorous inbred lines, uniform in appearance, are
developed. Each inbred will have a different combination of genes. The main
goal of maize breeding is to develop potential lines that ensure highest and
stable production in a range of environments.

Therefore, we require stable inbred lines, which can help in the development of
stable hybrids/varieties.

Keeping these points in view the present study was planned and executed with
the following objectives.

i. To evaluate and screen out the suitable inbred lines for yield parameters for

their per se performance.
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ii. To study the nature and magnitude of genetic variability, heritability and
genetic advance as per cent of mean for grain and yield contributing
traits.

iii. To study the association between quantitative characters and grain yield,
between grain and yield component characters.

iv. To estimate the contribution of yield component characters to the grain
through the path coefficient analysis.

v. To study the genetic divergence exists among the 25 maize inbred lines

vii. To study the combining ability to identify good combining inbreeds as well
as their high heterotic hybrid combination.

viii. To know the mode of gene action in governing the characters.

ix. Study of inheritance pattern and mode of gene action for various yield
contributing characters and positions of parents along the regression line
on graph

x. To select the superior parent/line suitable for commercial cultivation in

Bangladesh.
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REVIEW OF LITERATURE

In maize, a lot of work has been done all over the world on genetic parameters.
However, only selected reports on genetic variability, character association,
selection index, divergence, combining ability, heterosis and genetic
components of variation in maize inbred lines of some traits which are relevant

to this work, are included in this review.

GENETIC VARIABILITY

In designing a breeding programme it is essential to have a critical survey of
genetic variability of inbred lines available. Burton (1952) suggested that a
genetic coefficient of variation together with a heritability estimate would
likely to give the best picture of the amount of genetic advancement to be
expected from selection. On the other hand, Johnson et al. (1955) reported that
heritability estimates along with genetic gain were more useful in predicting
the effect of selection of the best individual. If heritability is mainly owing to
the non-additive gene effect, the expected gain would be low; but if it is owing

to additive gene effect, a high genetic advance may be expected.

Swamy et al. (1970) reported moderate to high heritability estimates of 55.55
and 86.04 percent for ear diameter, whereas Patil et al. (1972) noticed
moderate heritability of 68.88 per cent for plant height trait and a value of
27.45 per cent for ear length. Johnson (1981) reported moderate to high range
of heritability for 100 grain weight. However, Shahi and Singh (1985) reported
high heritability for days to flowering, plant height and ear height. The
expected genetic gain was about 17 per cent for plant height and 12 per cent for
ear height in one of the locations. Bhalla et al. (1986) in their study reported
high heritability estimates associated with high genetic advance for grain yield

per plant, ear height, number of kernel rows per cob and plant height.
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Debnath (1987) found that heritability was high for plant height and ear height,
but low for the remaining characters. Expected genetic advance was high for
grain yield, plant height and ear height. High heritability estimate of 70 per
cent for plant height in 3-way cross hybrid maize was noticed by Debnath et al.
(1988) and Mahmoud et al. (1990) noticed high heritability for ear diameter
and number of kernels row per ear in maize. Arha et al. (1990) and Mani and
Bisht (1996) found moderate heritability for grain yield, ear height and
moderate for plant height. High heritability estimates for ear height was also
noticed by Reddy and Agrawal (1992). Stem thickness showed the highest
narrow sense heritability followed by ear position, thousand grain weight and
ear girth. El-Hosary ef al. (1994) noticed moderate to broad sense heritability

values for ear height.

Ali et al. (1994) observed the highest genotypic variations for 1000-grain
weight but minimum genetic advance in 32 genotypes of maize. Genotypic
coefficient of variation, heritability and genetic advance are high for grain yield
in maize as reported by most of the previous workers (Ali et al., 1994; Singh et
al., 1995; Mani and Bisht, 1996; Satyanarayana and Saikumar, 1996; Ali ef al.,
1997; Akanda et al., 1997 and 1998; Tiwari and Verma, 1999; Singha and
Prodhan, 2000 and Alam, 2009). On the contrary, Satyanarayana and Saikumar
(1995) reported low genotypic coefficient of variation estimates combined with

medium heritability and low genetic advance for grain yield.

Altinbos (1995) reported low heritability estimates and suggested that
selection for ear length and ear diameter in early generations. Saxena et al.
(1996) noted high heritability for plant height, ear height, ear girth and kernel
rows per ear and low for grain yield, ear length and number of kernels per row.
Maximum genetic gain was reported for ear height. The estimation of broad

sense heritability is useful to predict the response even though it has got some
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limitations. Mani and Bisht (1996) also reported high genetic advance for plant
height. But Arha et al. (1990) found moderate heritability and genetic advance
for plant height.

However, Mani and Bisht (1996) reported that genotypic coefficient of
variation revealed low genetic variability for the ear girth in 38 local
germplasms of maize. High genotypic coefficient of variation and heritability
coupled with high genetic advance for grains/row has been reported by Akanda
etal. (1997), Ali et al. (1997) and Singh et al. (1998).

Ali et al. (1997) reported high genotypic and phenotypic coefficient of
variation for ear length. As an important yield attributing character, variability
of ear girth has been studied. They also reported high genetic advance
accompanied by high heritability for ear breadth.

Akanda et al. (1998) reported that genotypic and phenotypic coefficient of
variation, heritability and genetic advance were moderate for ear girth.
Contrarily, They reported comparatively low genotypic coefficient of variation
and heritability and genetic advance for the same character.

Genotypic coefficient of variation, heritability and genetic advance are high for
1000-kernel weight reported by Ali et al. (1997), Singh et al. (1998) and
Akanda et al. (1997 and 1998). Akanda et al. (1997, 1998) and Singha and
Prodhan (2000) reported that heritability along with genetic advance and

genotypic coefficient of variation was high for ear size and ear length.

Singh and Dashi (2000) reported high heritability and genetic advance for plant
height. Singha and Prodhan (2000) reported high heritability along with high
genetic advance and high genotypic coefficient of variation for ear height in 34
genotypes of maize. Rafiq et al. (2010) reported that grain yield, ear length, ear
height, 100-seed weight and ear diameter had high GCA estimates with high
heritability. Genetic advance was higher for plant height, ear length, grains per

row and grain yield.
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Shamim et al. (2010) studied that broad sense heritability estimates for plant
height, cob length, grains/row, 1000-grain weight and harvest index were
higher in magnitude (61.0 to 99.0%) indicating greater genetic impact on these
traits.

Wannows et al. (2010) showed that high narrow sense heritability estimates were
detected for leaf area index, number of kernel per row, plant height, ear height,
physiological maturity, number of rows per ear, ear length and ear diameter and
emphasizing that the additive genetic variance was the major component of
genetic variation in the inheritance of these traits and would likely be in selection

of improving these traits.

CORRELATION AND PATH COEFFICIENT

Grain yield in maize as in other crop is associated with a number of yield
components. A study of the nature and degree of association of these
components with yield assumes greater importance for fixing up characters that
play a decisive role in influencing yield. Selection would therefore be more
effective if it i1s based on component characters rather than directly on grain
yield. According to Appadurai and Nagarajan (1975), grain weight per ear and
grain numbers per row had little effect on yield, while ear length and ear
circumference had positive correlation with yield. Kim (1975) and Hallauer et
al. (1989) reported correlation coefficients among the characters were generally

positive and significant for plant height and ear height.

Probecky (1976) reported that grain yield primarily depends on the number of
grains per plant; which in turn depend mainly on the number of grains in the
rows. Utkhede and Shukla (1976) revealed highly significant positive
genotypic and phenotypic correlation between yield and number of grain row
per ear, weight of ear, ear height and ear length. Ear height and dry ear weight
contributed substantially to yield. Singh and Nigam (1977) found that grain

yield was positively and significantly correlated with five yield components
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i.e., 100 grain weight, number of kernel rows per cob, ear weight, ear diameter
and number of grain per rows. Sharma et al. (1982) reported that grain yield
was positively correlated with grains per ear, hundred grain weight, plant
height and ear height. Saha and Mukherjee (1985) observed that grain yield per
plant was significantly correlated with ovules per ear, grains per ear and 100-

grain weight.

Malhotra and Khehra (1986) recorded positive correlation between grain yield
and yield components like ear length, ear circumference, number of rows per
ear, 1000-grain weight, shelling percentage, ear height and plant height. Tyagi
et al. (1988) opined that grain yield was influenced more by ear weight, ear
length, plant height, kernels per row and 100 grain weight. Maharajan et al.
(1990) concluded that grain yield was positively correlated with ear length,
number of kernels per row and plant height. Singh ez al. (1991) noted that grain
yield per plant had significant positive correlations with plant height and ear
height in F; and F» generations under alkaline soil and with leaf area in both the
generations under normal soil. Debnath and Khan (1991) revealed that plant
height, number of kernels per row and 1000-grain weight had strong positive

contributions to grain yield.

Boraneog and Duara (1993) observed that plant height and ear height exhibited
significant positive correlation with grain yield. Saha and Mukherjee (1993)
reported positive significant correlation between grain yield per plant with 100-
grain weight, ear length, ear circumference, number of kernel rows per ear and
number of kernels per row, the ear circumference and number of grains per
row. Krishnan and Natarajan (1995) obtained high positive association between
grain yield and plant height, ear length, ear weight and number of kernels per
row. Rahman et al. (1995) reported that grain yield was significantly and
positively correlated with plant height, ear height, number of grains per ear and

1000 grain weight. According to Satyanarayana and Saikaman (1996), grain
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yield was positively correlated with number of kernel rows per ear, ear length,
ear circumference and 100 grain weight. Kumar and Kumar (1997) reported
that values of genotypic correlation were slightly higher than the corresponding
phenotypic values. Significant positive correlation was recorded for plant
height, ear length and ear height with yield per plant. Annapurna ef al. (1998)
reported that seed yield was positively and significantly correlated with plant

height, ear circumference, number of seeds per row, number of seed rows per ear.

Khakim et al. (1998) noticed that grain yield was positively correlated with plant
and ear insertion height, leaf area, ear number, ear length, number of kernel rows
per cob, number of grains per row and grain weight per cob, ear weight and 1000-

grain weight.

Gautam et al. (1998) reported maximum correlation between grain yield and
number of kernels per row, leaf area, plant height and cob length. Dutu (1999)
indicated that at phenotypic and genotypic levels, growth period was strongly
correlated with plant height and leaf numbers. He also reported correlations
using the date of flowering, plant height and the number of leaves which were
used as indirect selection criteria and resulted in positive correlated response in

earliness and yielding potential.

Basheruddin et al. (1999) reported that correlation coefficients had highly
positive significant influence on plant height, number of leaves, leaf area per
plant and stem girth. Nawar ef al. (1999) observed that additive components
were significant for number of kernel rows per cob. Highly significant positive
correlation coefficients were detected among yield per plant, components of ear
and plant height. Kumar (1999) revealed that the number of grains per row,
number of rows per ear, ear circumference and ear length had direct effect on

grain yield.
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Mani et al. (2000) reported that grain yield per plant indicated that highly
significant positive correlation with all the attributes and was highest with ear
weight per plant. Umakanth et al. (2000) observed that grain yield per plot
showed significant and positive correlations with ear circumference, ear length,
plant height and 100-seed weight. Path analysis revealed that plant height
followed by number of seeds per row, 100-seed weight, ear length and ear
circumference showed maximum positive direct genotypic effects as well as

indirect contribution through other characters on grain yield.

Vaezi et al. (2000) noticed that grain yield was significantly and positively
correlated to ear weight, ear circumference, number of kernel rows per cob and
number of kernels per row. Netaji ef al. (2000) reported that yield per plot was
significantly and positively correlated with all the characters except days to 50
per cent tasseling, silking and dry husk. Maximum variability was observed for
plant height, followed by ear height and test weight. Singh and Dashi (2000)
revealed high positive correlation of green fodder yield with plant height, leaf
length and leaf stem ratio. Prodhan and Rai (2000) reported that significant
positive correlation of popping expansion was found with popping percentage,
tenderness and pericarp thickness, while popping expansion showed significant
negative association with grain weight and non-significant negative association
with grain yield. On the other hand, grain yield was strongly associated with

grain weight.

Geetha and Jayaraman (2000) observed number of grains per row exerted a
maximum direct effect on grain yield. Vaezi et al. (2000) showed that 300-
kernel weight and kernel depth had the highest positive effect on grain yield
whereas ear diameter had a negative indirect effect on grain yield through some
traits. Path analysis, for grain yield showed that kernel weight and kernel depth
had the highest positive effect on grain yield. Kumar and Satyanarayana (2001)

concluded that grain yield was positively associated with plant height, ear
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height, ear length, ear circumference, number of seed rows per ear and test
weight. Swarnalatha and Mohammad (2001) indicated that the plant height,
days to 75 per cent silking and maturity, ear length, number of seeds per row
and 100-grain weight positively influenced the yield directly and also indirectly
through several yield components. Guang Cheng et al. (2002) showed that
importance of eight yield components to grain yield and suggested that more
attention should be paid to cob length, cob diameter and kernel percentage.
They also noticed that grain yield per plot had significant positive correlation

with 100-kernel weight.

Venugopal et al. (2003) indicated that plant height, ear height, ear length, ear
girth, 100-seed weight and number of seeds per row were positively associated
with grain yield. Although the character number of seed rows per ear bad a
direct positive contribution towards grain yield, but it had indirect negative

influence through ear length, 100 seed weight and number of seeds per raw.

Ahmad and Saleem (2003) reported that vegetative phase had the highest
positive direct contribution to grain yield per plant followed by growing degree
days to tasseling and growing degree days to maturity. Growing degree days to
the reproductive phase had the highest negative direct effect on grain yield.
Viola et al. (2003) revealed that early silking and harvesting of fresh cobs,
greater plant height, cob length, cob weight, cob height and number of cobs per

plant and lesser cob girth directly contributed to increased cob yield.

Singh et al. (2003) observed that ear leaf area had the highest positive direct
effect on green fodder yield per plant at genotypic and phenotypic levels
followed by dry matter yield per plant, ear length and days to 50 per cent
silking. Ear length had the maximum direct effect on grain yield followed by
500-kernel weight and ear leaf area. Number of leaves per plant, leaf: stem
ratio and girth of basal internodes had also highly positive direct effect on grain

yield per plant.
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Srivas and Singh (2004) observed that dry fodder yield per plant, a dependent
trait was significantly and positively associated with green fodder yield and its
contributing traits such as plant height, days to 50 per cent silking, number of

leaves per plant, stem girth, leaf blade length, leaf width and sheath length.

Kumar and Singh (2004) reported that cob length had maximum positive direct
effect on grain yield at genotypic and phenotypic levels, respectively. Path
analysis revealed that six characters had positive contribution to grain yield via
number of other characters both at genotypic and phenotypic levels. Whereas,
days to 50% tasseling and days to maturity had maximum negative effect on

grain yield.

Bao Heping et al. (2004) reported that maize yield was mainly influenced by
ear length, followed by number of kernels per row, ear width, number of rows
per ear, growth period and 1000-seed weight. Kernel percentage per ear and

number of pointless ears had minimum effect on maize yield.

Rafique et al. (2004) reported that grain yield was positively and significantly
associated with all parameters studied. Number of kernels per row was
positively correlated with grain yield followed by plant height, ear height, ear

length and its diameter

Srivas and Singh (2004) observed that characters such as plant height, days to
50 per cent silking, stem girth, leaf length, leaf width and number of leaves per
plant had positive direct effect on dry fodder yield at phenotypic levels. Patel et
al. (2005) reported that dry matter yield per plant, number of leaves per plant,
days to 50 per cent silking and plant height had positive direct effects on green
fodder yield. Shelake et al. (2005) noticed that grain yield was positively and
highly correlated with number of grains per cob, biological yield per plant,
harvest index, 100-grain weight, cob length, number of grain rows per cob and

cob girth. The number of days to 50 per cent tasseling, number of days to 50
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per cent silking and harvest index showed higher genotypic direct effect.
Biological yield per plant had the highest negative genotypic direct effect on
grain yield. Ei-Shouny et al. (2005) showed that grain yield per plant correlated
positively and significantly with ear diameter, ear length, number of kernels per
row, 100-kernel weight, number of rows per pear, ear height, plant height and
days to silking. Under normal planting date and with number of kernels per
row, ear diameter, 100-kernel weight, ear length, number of rows per ear, ear

height and days to silking under late planting date.

Sumathi et al. (2005) genotypic correlation studies indicated that ear weight,
number of rows per ear, number of kernels/row, and total number of kernels/
ear were positively associated with grain yield. Path coefficient analysis
revealed that number of kernels per row showed high direct effect on grain
yield followed by 100- seed weight, number of rows per ear and total number

of kernels per plant.

Kumar et al. (2006) observed that days to 50% tasseling, anthesis silking
interval, ear height and 100-seed weight had highest direct effect on grain
yield. The days to 50 % silking exhibited negative direct effect on grain yield.

Harjinder et al. (2006) reported significant positive correlations for grain yield

with days to 75 % husk, plant height, ear height, and number of ears.

Tan Heping et al. (2006) noticed that grain yield was significantly correlated
with plant height, ear diameter, ear length, rare ear length, 100-kernel weight
and grain production rate. Grain yield was most highly correlated with ear
diameter, followed by 100-kernel weight, plant height, ear length and grain
production rate. Wang Dachun (2006) reported that kernel weight per ear
mainly affected by ear length and ear diameter and the ear length with bearing
kernel played an important role on kernel weight per ear in high yielding

combinations.
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Wali et al. (2006) observed that yield was positively associated with plant
height, ear length, ear circumference, number of kernels per row, fodder yield
per plot and 100-grain weight, but was negatively correlated with number of
days to 50 per cent silking at the phenotypic and genetic levels. The grain yield
per plant was positively associated with plant height, ear length, ear
circumference, number of kernels per row, fodder yield per plot and 100-grain
weight at the phenotypic and genetic levels. Abirami ef al. (2007) indicated that
grain yield showed positive association with oil content and protein content.
Path analysis showed that the weight of the cob contributed to the maximum
direct effect to grain yield. It implied that selection for weight of the cob will
be highly effective for the improvement of grain yield.

Bhoite et al. (2007) reported that dry matter and crude protein yields showed
positive and significant correlation with green forage yield and had positive

direct influence on their correlation with green forage yield.

Sofi and Rather (2007) reported that the genotypic correlation coefficient
revealed that ear diameter, 100-seed weight, ear length, number of kernel rows
per ear and number of kernels per row showed the greatest correlation with
grain yield. Path analysis indicated that 100-seed weight had greatest direct
effect on grain yield, followed by number of kernels per row, number of kernel

rows per ear, ear length and ear diameter.

Xie Zhen Jiang et al. (2007) showed that kernels per plant was arranged for the
top position among the many agronomic traits that contributed to the yield
enhancement of a single plant and was followed by kernels per row, 1000-

kernel weight and leaf orientation value.

Akbar et al. (2008) noticed that plant height had highly significant genotypic
and phenotypic association with cob height and days to 50% tasseling with
days to 50% silking. All traits had significant genotypic association but not
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significant phenotypic association with grain yield. They showed that all traits
exerted positive direct effect on grain yield per plant except days to 50%
silking.

Bello et al. (2010) reported that positive and phenotypic and genotypic
correlation coefficients had found for days to 50% tasseling with plant and ear
height, and grain yield with plant height, number of grains/ear and ear weight.
They also reported that days to 50% silking, ear weight and number of
grains/ear had the highest direct effect on grain yield at genotypic level.
Ferdous et al. (2010) reported that grain yield per plant indicated that
significant and positive correlation with days to maturity grains/spike, 100-

grain weight and harvest index in wheat.

Nastasic et al. (2010) reported that grain yield was positively and significantly
genotypic correlation coefficients with kernel row number, ear length, kernel
depth and 1000-kernel weight. They also reported that the direct effects,
obtained in path coefficient analysis, in both studied population (S1, HS)
indicated that grain yield at most depended upon 1000-kernel weight.

Rafiq et al. (2010) reported significant correlation of grain yield with ear
diameter, 100-grain weight, ear length, rows per ear and grains per row in
maize. They also reported that the highest direct effect on grain yield was
exhibited by 100-seed weight followed by grains per row, grain rows per ear,
ear lengh and ear diameter. Sreckov ef al. (2010) observed that grain yield had
significant positive correlation coefficients through ear height and length. They
showed that population NSU1x568/11 had high significant, undesirable direct

influence on grain yield and ear height.

Wannows et al. (2010) reported that grain yield was positively and
significantly correlated with number of kernels per row, ear length, and leaf

area index. They also reported that each of leaf area index, ear diameter and
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physiological maturity had high positive direct effects on grain yield at the
phenotypic level. Path analysis revealed that three characters had positive

contribution to grain yield via number of other characters at phenotypic level.

SELECTION INDEX

Different selection indices were formulated using different combinations of
yield and yield contributing characters and their expected genetic gains were
estimated. The development of improved varieties with high yield potential can
be seen as a possibility to increase production. Such varieties with qualitative
and/or quantitative superior traits over previously recommended varieties are
developed by genetic improvement, which represents one of the most
successful modern technologies in agriculture, and accounts for approximately

50 % of the yield increments of most crops suggested by Fehr (1987).

To obtain genetic gains in different traits there are some methodologies of
simultaneous selection (Cruz and Carneiro, 2003). Of these, the selection index
proposed by Smith (1936) and Hazel (1943) has been well-accepted in maize
improvement programs. This index associates the information of different traits
of agronomic interest, based on economic weights, genotypic and phenotypic
variances of each trait and the respective co-variances. Kumar and Kumar
(2000) suggested that selection based on plant height with greater ear weight,
number of seeds rows per ear and number of seeds per ear was desirable for

grain yield.

Bergale et al. (2002) suggested that the number of spikes/plant, grains/spike
and harvest index must be given preference in selection along with optimum
plant height and days to flowering to selection the superior wheat genotypes.
The demand for food is on the rise due to the growth of the human population.
The global maize stocks that have been shrinking uninterruptedly over the last

5 years already reflect the increased demand reported by Dias (2005).
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Shiv et al. (2008) reported that number of tillers/plant, numbers of
spikelets/ear, number of grains/ear, grain weight/ear; 100-grain weight and
biological yield could form effective selection indices for selection of high

yielding genotypes of wheat.

Ferdous et al. (2010) reported that selection indices were constructed through
the discriminate functions using eight respective characters. From that result,
the highest relative efficiency was observed with the selection index based on
three characters; plant height, grains/spike and grain yield/plant in spring

wheat.

GENETIC DIVERGENCE

Wide range of variation was observed in cluster mean performance for most of
the characters studied. All the genotypes were grouped into 5-clusters,
indicating the presence of diversity for different characters. Williams and
Hallaver (2000) reported that the cluster II (82) had the highest number of
genotypes followed by cluster III (36) and cluster IV (19). The clusters IX and
X were mono-genotypic reported by Williams and Hallaver (2000).

Yin ZhiTong et al. (2004) studied cluster analysis for various plant traits
(including plant height, ear height, tassel length, stem diameter, ear length, ear
diameter, number of rows, number of grains per row, 100-grain weight, yield
per plant, dried ear weight and maturity period) classified some 110 maize
inbreds into 5 groups. The genetic diversity among the inbred groups was
greater than that within the same group, and heterosis among the groups was
greater than that within the same group. To breed outstanding crosses, the
parents should be selected from the various groups.

Singh et al. (2005) estimated D? analysis using 23 genotypes of maize in an
experiment conducted in Karnal, Haryana, India, during kharif 1998.
Observations were recorded for 50 per cent tasselling, 50 per cent silking, plant

height, cob height, days to maturity, cob girth, cob length, number of rows per
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cob, number of grains per row, 100-grain weight and grain yield per plant. The
genotypes fell into 6 clusters. The inter-cluster distances were higher than intra-
cluster distances, suggesting wide genetic diversity among the genotypes of
different groups. The inter-cluster D? values indicated the maximum distance
between clusters III and VI and the lowest distance between clusters I and IV.
The cluster means were higher for 50% tasselling, 50% silking, plant height,
cob height, cob length, number of grains per row and 100-grain weight in
cluster I'V; for cob girth, days to maturity and number of rows per cob in cluster
II; and for grain yield per plant in cluster III followed by cluster II. The
genotypes of these clusters would offer a good scope for the improvement of
this crop through natural selection and hybridization. The genotypes included
in the diverse clusters can be used as promising parents for hybridization to
obtain high heterotic response and thus better segregates in maize. Based on
genetic divergence and mean performance of yield and other characters,
genotypes Vijay composite, NC-300, K-614, K-679, K-771, K-801, K-808, K-
621 and CML-326 were selected.

Yuai et al. (2006) studied 24 varieties introduced from the Crop Institute,
Chinese Academy of Agricultural Sciences to Hohhot, Nei Menggu [Nei
Mongol], China and reported that cumulative contribution percentage of 7
principal components (morphology and yield factor, growth duration factor,
rows/ear factor, low yield factor, oil content factor, protein content factor and
ear length factor) to variation reached 83.149 per cent. Based on the analysis
for each principal component vector, the introduced 24 varieties were grouped
into 6 clusters.

More et al. (2006) reported that 45 diverse genotypes of forage maize for
genetic diversity and identify the suitable genotypes for hybridization
programmes based on clustering pattern. The genotypes were grouped into 7
clusters using Mahalanobis D? statistics. Cluster II was the largest with 25

genotypes followed by cluster III with 11 genotypes and cluster I with 5
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genotypes. The clusters IV, V, VI and VII were mono-genotypic. The
maximum inter-cluster distance was observed between clusters 1 and VI
followed by distance between clusters I and IV and clusters I and V. Clusters V
and VI exhibited the minimum inter-cluster distance.

Chen FaBo et al. (2007) reported that 186 maize hybrids could be classified
into ten clusters, with 88.2 per cent of the hybrids included in Cluster 4, Cluster
8 and Cluster 10. The analysis of pedigree sources of 51 hybrids showed that
36 hybrids had close genetic relationships with the hybrids of Pioneer
Company developed in late 1980s and early 1990s in the United States, such as
"Y78599", "Y7865", "and Y78698", accounting for 70.58 per cent. Meanwhile,
13 hybrids had close genetic relationship with "Y78599", accounting for 8.66
per cent. The cluster analysis showed that 88.2 per cent of the 51 hybrids were
in Cluster-4, Cluster-8, and Cluster-10. It was indicated that the similarity was
high and the genetic diversity was narrow among the 186 hybrids. It is
necessary to broaden the genetic basis of breeding germplasm in maize.

Ivy et al (2007) and Hoque et al (2008) reported that 24 maize inbred lines
were grouped into 4 different clusters by using clustering techniques. The
maximum inter-cluster distance was observed between clusters I and III and the
lowest in Il and IV. The highest mean values for kernel yield/plant, 1000-
kernel weight, number of kernels per row and ear were observed in the same
cluster II1.

Azad et al. (2012) revealed that 30 maize inbred lines were grouped into 6
different clusters, based on medium to high inter-cluster distances, 6 lines were
selected for hybrid program. Cluster VI showed the highest mean values for
kernel yield and all the yield contributing characters except days to 50%
tasseling and 50% silking. Days to maturity and ear diameter showed
maximum contribution towards total divergence among different characters.
These characters should be given importance, for selecting diverse parents for

breeding programme.
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DIALLEL AND COMBINING ABILITY

The concept of combining ability was originally evolved through the work of
Davis (1927) who suggested that use of inbred cross to test the combining
ability of inbreeds in maize. It may be defined as the ability of a strain to
produce superior progeny upon hybridization with other strains. Combining
ability provides information about the nature and magnitude of gene action
controlling various quantitative characters. General combining ability (GCA) is
the average performance of a line in hybrid combination and specific
combining ability (SCA) is the deviation of crosses on the basis of average
performance of the lines involved.

Diallel analysis is used to estimate GCA and SCA effects and their implications
in breeding (Griffing, 1956, Gardner and Eberhart, 1966; and Baker, 1984).
Griffing (1956) proposed an analysis for diallel mating systems that estimate
the general and specific combining abilities of lines and hybrids. Combining
ability analysis is important in identifying the best parents or parental
combinations for a hybridization program. General combining ability is
associated to additive genetic effects while specific combining ability is
associated to non-additive genetic effects (Falconer and Mackay, 1996).
Combining ability is an important aspect of hybrid breeding program. The
proper identification of the genetically superior parents is dependent on the
information obtained from the analysis of the combining ability.

The concept of combining ability was put forward by Sprague and Tatum
(1942). According to them, general combining ability is the average
performance of a strain in series of cross combinations estimated from the
performance of F is from the crosses, whereas specific combining ability is
used to designate those cases in which certain combinations do relatively better
or worse than would be expected as the basis of average performance of lines
involved. The general combining ability is associated with genes which are

additive in effects and specific combining ability is attributed primarily to
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deviation from the additive scheme caused by dominance and epistasis (Rojas
and Sprague, 1952).

Griffing (1956) has shown relationship between various heritable variance
components and GCA and SCA variances. Thus GCA variance is due to
additive variation and additive x additive interaction variance, while SCA
variance is due to dominance variance, additive x additive variance, additive
variance 1S due to dominance variance, additive x additive variance, additive X
dominance variance components. Estimates of the variances due to GCA and SCA
provide an appropriate diagnosis of the predominant role of additive or non-
additive variance. Among the different biometrical methods employed to study
combining ability, line X tester is the most widely used method.

Allard (1960) reported that the combining ability analysis is highly useful
technique for the plant breeder which provides indication of the genetic
behavior of the parental material and is therefore desirable to select the parents
for hybridization on the basis of their combining ability. Ratio of additive and
non-additive gene action is to be considered in order to decide the
predominance of the kind of genetic variation for a given character. If the ratio
of additive to non-additive gene action is more than unity, indicates the major
role of additive variance in controlling the expression of a character, whereas
less than unity indicates the importance of non-additive variance (Gardner,
1963).

Muthiah (1989) reported that the proportion of GCA variance was higher than
the SCA variance showing preponderance of additive genetic effects for all the
characters studied. Crossa (1990) noted high general combining ability effects
for high grain yield.

Results of Crossa et al. (1990) suggested that both additive and non-additive
effects are important in controlling the expression of grain yield and days to

silk; however, non-additive effects are more important in controlling grain
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yield than in determining days to silk in CIMMYT’s tropical late yellow maize
germplasm.

Pal and Prodhan (1994) have also showed a greater influence of additive
component of gene action in the expression of maturity. However, equal
importance of both additive and non-additive gene action for days to maturity
has been reported by Roy ef al. (1998). Preponderance of additive genetic
effects in the inheritance of ear girth has been reported by Das and Islam
(1994), Pal and Prodhan (1994). On the other hand, specific combining ability
is found to be very important for ear diameter (El-Hosary ef al., 1994 and
Singh and Singh, 1998). More importance of additive gene action for days to
maturity is to be found in 15 F; hybrids and their parents (Zelleke, 2000).

Pal and Prodhan (1994) have also showed a greater influence of additive
component of gene action in the expression of maturity. However, equal
importance of both additive and non-additive gene action for days to maturity
has been reported by Roy et al. (1998).

Satyanarayana and Saikumar (1995) recorded low genotypic coefficient of
variance combined with low to medium heritability and low genetic advances
for grain yield.

But According to Altinbas (1995), GCA and SCA variances for grain yield per
plant and other yield components indicated that screening parental lines and
crosses based on combining ability effects for 100-grain weight and ear length
should be effective. In case of other agronomic characters, genotypic
coefficient of variance estimates were high combined with high heritability and
genetic advance indicating the inheritance of additive gene action controlling
these traits.

Dass et al. (1997) reported that non-additive gene action played major role in
the inheritance of grain yield and majority of ear traits.

Joshi et al. (1998) observed both additive and non-additive gene effects in their

early maturing inbred materials. However, the ratio of additive/non-additive
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genetic variance revealed that there was preponderance of non-additive gene
action in the expression grain yield/plant, protein and starch content, while for
oil content and 100-grain weight there was preponderance of additive gene
action.

Dutu (1998) observed that plant height was controlled by additive and non-
additive gene actions and cytoplasmic inheritance, whereas number of leaves
per plant was controlled by additive gene effects only.

Lou-Xiang Yang (1998) concluded that most plant and ear characters were
improved with additive and dominance effects of the female parents. GCA
variance is found to have significant for ear girth (Mathur ef al., 1998). General
combining ability variance (Tulu and Ramachandrappa, 1998; Beck et al,
1990) and both general and specific combining ability variances (Spaner et al.,
1996; Dahlan et al., 1997; San-Vicente et al., 1998; Lemos et al., 1999; Talleei
and Kochaksaraei, 1999 and Alam, 2009) are significant for plant height. Both
additive and non-additive effects are to be found in genetically control of plant
height reported by Choukan (1999). But additive gene effect is more important
for plant height observed by (Crossa et al., 1990; Mahajan and Khehra, 1991;
Odongo and Bockholt, 1995; Paul and Debnath, 1999 and Zelleke, 2000). On
the other hand, Suneetha et al. (2000) found preponderance of non-additive
gene action for plant height. Both GCA and SCA effects are significant for ear
height reported by Beck ef al. (1990) and Talleei and Kochaksaraei (1999).

Additive effects are found in controlling ear height shown by Tulu and
Ramachandrappa (1998), Choukan (1999) and Lemos et al. (1999). On the
other hand, additive gene action is found more important than non-additive for
ear height reported by Mahajan and Khehra (1991), Altinbas (1995), Odongo
and Bockholt (1995) and Paul and Debnath (1999). Contrary to those,
Dehghanpour et al. (1996) and Singh and Singh (1998) found more importance
of non-additive effects in the expression of ear height. Significant GCA

variance for ear length has been reported by Alika (1994), Spaner et al. (1996)
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and Mathur et al. (1998). But Das and Islam (1994) reported equal importance
of additive and non-additive variances for ear length. On the other hand,
Zelleke (2000) observed more importance of additive gene action in controlling
ear length and identified A1-175 x A1-178 as the best specific combiner. On
the contrary, Pal and Prodhan (1994) showed more importance of non-additive
gene effects in controlling of ear length. Similarly, Singh and Singh (1998)

reported more importance of SCA for ear length.

Ramech et al. (2000) observed greater ratios of GCA to SCA mean squares for
all traits except for number of seed rows per ear, indicating the importance of
non-additive gene effects in their genetic control.

Rosa et al. (2000) obtained highest SCA values in 13 x 13 diallel crosses, viz.,
AS-910 x AS-4450 and PP-9538 x AS-948.

Desai and Singh (2001) reported significant difference in gca and sca effects
for plant height, ear height and number of leaves per plant.

Kara (2001) observed significant gca effects for all the traits and significant sca
effects for ear circumference, ear height and grain yield per unit area.

Konak et al. (2001) obtained non-additive gene effects for ear length and
number of kernel rows per ear and additive gene effect for yield, 1000-kernel
weight, plant height, ear height and days to silking.

Shabir and Saleem (2002) performed diallel analysis of six elite lines of maize
and reported that all the characters being studied were under the control of
over-dominance type of gene action, except protein percentage which showed
additive type of gene action.

Ahmad and Saleem (2003) observed that both additive and non-additive gene
effects played an important role in the genetic control of all the traits. The
estimates of mean of squares due to general combining ability were significant
for all the traits except growing degree days in both F; and F, generations.
Mean squares due to specific combining ability were significant for all the

traits in both the generations.
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Abdel-Sattar (2003) observed that value of GCA and SCA were increased from
53 to 55 self generations. The ratios of GCA/SCA through all self generations
showed greater role of dominance variance than that of additive variance. Lines
contributed much more than the testers to the total genetic variation.

Srivas and Singh (2004) reported that the specific combining ability variance
was greater than general combining ability variance indicating the importance
of non-additive gene effects for ear diameter, ear length, number of rows per
ear and grain yield.

Ming et al. (2004) revealed that the inbreds had high combining ability for
grain yield of ten quality protein maize (QPM) lines and showed high general
combining ability (GCA) and it is possible to get high yielding crosses by using
them as parents. The results from the yields of F; crosses suggest that lines with
high GCA and specific combining ability (SCA) should be selected as parents.
Koinuma et al. (2004) noticed that new inbred line H049 shows high
combining ability with dent inbred lines.

Reddy et al. (2004) reported that no association was found between mean per
se and all other estimates. They noticed that general combining ability failed to
exhibit closer association in grain yield per plant and ear length.

Malik et al. (2004) reported that GCA effects were highly significant for all the
traits under study, but SCA effects were less significant in certain cases
suggesting predominance of additive genes. High gca effects for grain yield
were observed in the temperate material, i.e., QPM-1 (0.168), QPM-3 (0.169)
and QPM-5 (0.485), while sca effects were remarkable for hybrids QPM-3
NCML-1078 (0.890), NCML-NCML-1084 (0.878) and NCML-1082 NCML-
1083 (0.831).

Uddin et al. (2006) studied that significant differences for GCA and SCA
indicated the presence of additive as well as non-additive gene effects were

more prominent for all the characters studied except grain yield/plant.
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Ojo et al. (2007) reported that GCA mean squares were however highly
significant and higher than SCA mean squares for grain yield, indicating a
predominance of additive gene action for grain yield.

Aliu et al. (2008) reported that both GCA and SCA effects are significant for
ear weight, indicating that both additive and non-additive genetic actions were
important combining of hybrids from the diallel crosses.

Uddin et al. (2008) reported that GCA and SCA variance for yield/plant,
number of kernels/row and 100-kernel weight was observed significant, which
indicated importance of additive type of gene action for these characters.

Alam et al. (2008) reported that almost equal role of additive and non-additive
gene action was observed for days to maturity. Additive genetic variance was
preponderant for grains per ear and 1000-grain weight and non-additive gene
action was involved in plant height, ear height, days to silking and days to
maturity.

Ahmad et al. (2011) reported that the relative magnitude of GCA and SCA
variances indicated that additive gene effects were more prominent for days to
heading and grain weight.

Singh et al. (2012) revealed that estimates of SCA variances were higher than
GCA variances for number of kernels per row, cob height and 50% silking
under study, indicating predominance of non-additive gene action of these
traits. The parents HUZQPM 3-2, HUZQPM 6-2 and HUZQPM 5 were

identified as good combiners for yield and its related traits.

Estakhr and Haidari (2012) reported that significant for GCA and SCA mean
squares for plant height, ear height, ear diameter, ear length, grain number per
ear, grain moisture and cob percentage which is an indication of the importance

of both additive and non-additive genetic effects.
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GENE ACTION AND THEIR PROPORTIONS

The choice of a suitable breeding method depends to a large extent on the
nature of gene action involved. Fisher (1918) and Wright (1935) defined three
types of variances as additive genetic variance, variance due to dominance
deviations and epistatic variance resulting from the interaction of non-allelic
genes.

Hayman and Mather (1955) further showed that epistatic variance can be
partitioned into genetic interactions of the additive x additive, additive x
dominance and dominance x dominance types and higher order interactions.
The selection of suitable parents is one of the most important steps in
hybridization program. Selection of the parents on the basis of phenotypic
performance alone is not sound since phenotypical superior lines may yield
poor recombination in the segregating generations. It is, therefore, essential that
parents should be chosen on the basis of their genetic values. There are several
techniques for the evaluation of varieties or strains in terms of their genetic
makeup. Of these, diallel analysis technique (Hayman 1954a, b) is the popular
method to study components of variation. It was developed by Jinks (1954),
Hayman (1954a, b) and Jinks and Hayman (1957) using Mather’s concept of D,
H components of variation. While a negative F value indicates an excess of
recessive alleles in the parents, a positive value shows more dominant alleles
than recessive alleles of each gene are distributed equally among the parents,
the F value will be equal to zero reported by Allard (1962). Over dominance as
well as predominant role of non-additive genetic variance in the inheritance of
kernel yield of maize was also reported by Gardner and Lonnquist (1961),
Gamble (1962a), Gardner (1963), Nawar et al. (1980, 1981), Genova (1984),
Shahi and Singh (1985) and Genov (1987). Regarding 1000-kernel weight non-
allelic interaction with over dominance was found by Gamble (1962b) and
Debnath and Sarkar (1990b). As an indicator of the relative frequency of

dominant and recessive alleles in the parents, the F value was found to be
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positive but non-significant for grain yield, which means either that no allele’s
exhibit dominant or else that the dominant and recessive alleles are distributed

equally among the parents observed by Verhalen and Murry(1967).

Mather and Jinks (1971) concluded that Hayman’s analysis was the most useful
to determine the significance of principal genetic components. The components
D, Hi were significant for ear length, ear diameter and kernel rows per ear. The
ratio (Hi/D)"? was greater than one for kernel yield, kernel rows per ear and
1000-kernel weight indicating over dominance in the inheritance of these
characters. All the characters except ear diameter exhibited presence of non-
allelic interaction in their inheritance. Over dominance as well as importance of
non-additive gene action in the inheritance of grain yield was observed by
Gamble (1962a), Darrah and Hallauer (1972) and Genov (1987). On the other
hand, Lonnquist and Castro (1967) and Murthy (1978) reported partial
dominance as well as predominant role of additive genetic variance for this
trait. Epistatis was also observed in grain yield by Gamble (1962a) and Darrah
and Hallauer (1972). Partial dominance as well as importance of additive gene
effects in the inheritance of kernel rows per ear was reported by Singh (1979).
Over dominance for predominant non-additive genetic variance was observed
by Nawar et al. (1980) for kernel rows per ear and by Gamble (1962b) for
kernel weight.

Debnath and Sarker (1989) reported complete dominance in the inheritance of
ear diameter as the ratio (Hi/D)"? was very close to unity. Positive but
insignificant values of F for all characters except ear length and ear diameter
indicated almost symmetrical gene distribution with a small excess of dominant
alleles in the parents. The ratio (h?/H,) suggested that the kernel yield be under
control of highest number of genes or gene group. However, kernel weight was
controlled by the lowest number of genes. They also reported that all characters

were under polygene control.
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Debnath and Sarker (1990b) undertook an experiment to characterize the nature
and magnitude of genetic variability for grain yield and some of its components
in nine maize inbreeds. The results revealed evidence for existence of enough
genetic variability in the parental materials, which is essential for the
improvement of a crop. Over dominance as well as non-additive component of
genetic variance was observed to be important for all traits except kernel rows
per ear. Partial dominance as well as additive gene effect was found to be
predominant in the inheritance of kernel rows per ear. Debnath and Sarker
(1990b) observed epistasis along with over dominance in the inheritance of ear
length. For ear breadth they reported absence of non-allelic interaction in the
inheritance. They also reported over dominance for this trait.

Kara (2001) and Alam (2009) estimated that a non-additive gene effect was
involved in maize grain yield. The estimated heritability degree of yield (narrow
sense; 0.236) is consistency with other researcher’s results by Dehghanpour ef al.
(1996), Singh et al. (1998), Chaudhary et al(2000), Kara et al.(2001) and
Muhammad and Muhammad (2002).

Onay et al. (2004) reported the letter alternative may apply since the variances for
Hi and H» were significantly different from zero. It may thus be concluded that
the dominant and recessive alleles of the related genes are distributed equally
among the parents. Since the mean dominance effect of the heterozygote locus
(h?) was significant, high heterotic effect values would be expected for grain
yield among crosses. The parameters, E, an estimate of the environmental
variation and D, the additive genetic variation, were not different from zero.
The parameter D, which may also include a portion of the additive x additive
epistatic variances as well as additive genetic variance itself, was non-
significant for grain yield. Dominance variance (Hi) and corrected dominance
variance (H2) were significantly different from zero. It may thus be concluded

that grain yield is under the dominance effect. This result was also supported
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by the GCA/SCA ratio (0.65). They also showed that over-dominance from the
Wr-Vr graph for the inheritance of grain yield.

Ahmed et al. (2011) who found preponderance of recessive alleles of weight of
spikes/plant in wheat genotypes. Adel and Ali (2013) had shown that dominant

genes being to the origin for grain yield/plant in wheat.

HETEROSIS

Hybrid maize has made a significant contribution to increasing productivity
during the course of twentieth century both in the developed as well as the
developing world. Exploitation of heterosis in maize can be achieved by using
progenitors of different kinds, which may be inbreeds, non-inbreeds and even a
combination of both (Leon and Vasal, 2000). The superiority of variety crosses
over the parental varieties was established by Beal (1980). He advocated
commercial cultivation of inter-variety hybrids. The basis of inbred-hybrid
concept resulted from systematic researches done by East (1908), Shull (1908,
1909) and Jones (1918). Various theories have been pronounced to explain and
understand the phenomenon for heterosis.

Jinks (1955) suggested that the non-allelic interaction might be the cause of
heterosis rather than the special relation between genes at the same locus
Mather (1955) considered heterosis as an expression of genetic balance, which
might vary, with the breeding behaviour of species. Jinks and Jones (1958)
stated that heterosis was a complex genetically phenomenon depending upon
the balance of additive action, dominance and interaction of homozygous /
homozygous and homozygous/heterozygous components as well as on the
distribution of the genes in parental lines. Williams (1959) suggested that
dominance or partial dominance of the alleles for favorable expression of the
component characters could explain heterosis. Appreciable percentage of
heterosis (112, 90, 43, 93 and 111 to 128%) for grain yield in maize was also
reported by Lonnquist and Gardner (1961), Ruckij (1963), Akhtar and Sing
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(1981) and Gerrish (1983) respectively. Heterosis has been exploited profitably
in many cross-pollinated crops by crossing highly selected inbred lines (Mian,
1985). According to him heterosis in Fi is the combined expression of
genetically, cytoplasmic and physiological factors and might be attributed to
stimulation resulting from the interaction of different heritable factors of the
parents.

Bhalla et al. (1979) observed that in general, the crosses between genetically
diverse varieties showing superior heterosis values for yield also showed
increased hybrid vigour in respect of ear length and ear diameter, but not for
number of kernel rows per ear. Hallauer and Miranda (1981) summarized 47
independent reports and found the mean high-parent heterosis for yield to be
8.2% from 1394 varied crosses involving 611 parent varieties.

Debnath (1984, 1987) reported 37.4 to 245.0% heterobeltiosis for kernel yield
in maize. Saha and Mukherjee (1985) studied heterosis manifest for number of
grains in a set of inter-varietal crosses of maize. The investigation indicated the
possibility of maximising heterosis for number of grains by identifying parents
possessing the highest level of heterotic potential for number of ovules and per
cent of grain conversion. Debnath (1987) studied heterosis in maize using nine
maize inbreeds and their 36 F{’S and observed significant positive heterosis
over mid and better parent. Among the component characters, highest
percentages of heterosis were observed in umber of kernels per row followed
by ear length and 1000-kernel weight. Heterosis for ear diameter and kernel
rows per ear was low. Seven crosses with highly significant desirable
heterobeltiosis for grain yield and some of its attributes were selected for
exploiting their heterotic performance. Debnath (1989) estimated 43.05 to
96.74% heterosis over better parent for kernel yield, 3.41 to 8.06% for days to
silk and 6.62 to 36.98% for plant height in 18 hybrids form inbred lines.
Misevic (1990) estimated 11.3 and 8.7% heterosis for grain yied and plant
height, respectively.



Review of Literature > 3g

Crossa et al. (1990) reported mid-parent heterosis ranging from 17.5% to 3.3%
in tropical late-maturity yellow germplasm. High parent heterosis (9.6%) for
grain yield among crosses was observed in CIMMYT’s tropical early and
intermediate maturity maize (Beck et al. 1990).

Han et al. (1991) conducted an experiment with CIMMYT inbred lines of
maize and reported that low heterosis in the population crosses could be due
mainly to insufficient genetic diversity between the two populations and great
genetic variability within the populations and pools involved in their study.
Beck et al. (1991) also reported low estimate of high-parent heterosis (16% in
U.S. and 9.9% in Mexican environment) in CIMMYT’s subtropical and
temperate intermediate-maturity maize germplasm, although in subtropical
early-maturity germplasm moderate levels of heterosis (13%) was noticed by
Vasal et al. (1992a). Ordas (1991) reported 32.7% mid-parent heterosis for
yield in crosses between Americn and Spanish populations of maize.

Vasal et al. (1992b) reported that high x low yielding parent of tropical and
subtropical germplasm exhibited the highest heterosis (23.7%). However they
observed high-parent heterosis in crosses between tropical germplasms ranging
from 12.7% to 3.1%. The magnitude of heterosis exhibited in any crop in
extremely important in decision making process to initiate hybrid development
efforts. Though optimum yield heterosis levels will differ for each crop, there is
a consensus among most breeders that a heterosis level of at least 20% is
desirable (Vasal, 2000).

Vasal et al. (1993a) reported 15.6% high-parent heterosis for grain yield in
quality protein maize (QPM) populations. They stated that crosses between
parents with divergent endosperm modifications resulted in higher heterosis for
grain yield. Crosses between hard and soft endosperm parents were
intermediate in their endosperm rating, indicating that polygenic system was
involved in another study. Vasal et al. (1993b) reported that a cross

combination involving QPM parent’s population with white and yellow kernel
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color showed 14.8% heterosis in Mexican environment and 19.7% in U.S.
environment. They observed many high yielding crosses that involved parents
with different kernel color.

Gomaa and Shaheen (1994) obtained heterotic effects for grain yield/plant of
F1 hybrids ranging from 23.5 to 36.3% of the mid-parent and from 32.0 to
18.7% of the better parent.

Kim and Ajala (1996) reported that several factors could have influenced level
of heterosis. They obtained highest yield in white x yellow cross. Relative
distance between the two color groups might increase levels of heterosis; grain
texture was another factor that might influence levels of heterosis. The
advantage of dent x flint crosses over dent x dent or flint x flint was reported by
Wellhausen (1978) and Kim ez al. (1985).

Dass et al. (1997) conducted an experiment to identify bold seeded parental
lines and to exploit them in the breeding program for developing high yielding
hybrids/composite cultivars in maize. Combining ability analysis revealed that
both additive and non-additive genetic variances were important in the
expression of seed weight and yields in winter and summer seasons. Results on
SCA effects indicated that most of the superior crosses were between high x
low and high x medium parents and that involvement of one good general
combiner was essential to get better specific combination. They suggested
development of season specific hybrids.

Roy et al. (1998) obtained—16.42 to 71.82% heterobeltiosis for yield in crosses
among six genetically divers composite parents.

Koirala and Gurung (2002) observed that high parent heterosis for grain yield
ranged from-17.8 to 23.9%.

Uddin et al. (2006) explained that the better performing four crosses (PixP7,
PsxP7, P1xPs and P4xPs) can be utilized for developing high yielding hybrid
varieties as well as for exploiting hybrid vigor. Except cross P2xPs, rest of the

crosses showed significant positive heterobeltiosis both in plant and ear height.
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Alam et al. (2008) studied that the highest % of heterosis for grain/ear over mid
parent and better parent were observed by the cross P>xP3. Crosses P1xP3; and
P1xPs showed significant negative heterosis for days to maturity.

Uddin ef al. (2008) reported that the highest significant positive heterosis
(28.41%) for grain yield was observed in the cross [IPB911-11xBM-7.
Amanullah ef al. (2011) reported that 21 crosses had positive heterosis for grain
yield/ha and ranged from +0.39% to 86%. The heterosis and heterobeltiosis for
1000-seed weight was 12.9% and 4.57%.

Singh ef al. (2012) obtained highest heterosis in the crosses of HUZQPUM 3-2x
HUZQPM 4-2 and HUZQPUM 1-1x HUZQPM 3-2 for grain yield and number
of rows per ear.

Parihar et al. (2012) observed maximum economic heterosis in all the

environments for grain yield per plant in the crosses PoxP12 and P4xPio.
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MATERIALS AND METHODS

The details of materials used and methods followed in carrying out the present

investigation are presented in this chapter.

EXPERIMENT I

3.1.1 MATERIALS

The experimental material consisted of 25 maize (Zea mays L.) inbred lines.
They were IL1, IL2, IL3, IL4, ILS, IL6, IL7, IL8, IL9, IL10, IL11, IL12, IL13,
IL14, IL15, IL16, IL17, IL18, IL19, 1L20, IL21, 1L22, IL23, IL24 and IL25.
The maize inbred lines were received from Biometrical Genetics Lab,

Department of Botany, University of Rajshahi, Bangladesh.

3.1.2 METHODS

The methods followed to conduct the experiments and analysis of data is

described below.

Preparation of the Experimental Field

The experiment was carried out in the Botanical Research Garden of Rajshahi
University during the Rabi crop season of 2008, 2009 and 2011. The experimental
land was first opened on the month of November in every experimental year and
the operations were done by power tiller and harrows. The land was again
ploughed and cross-ploughed with a power tiller followed by laddering during the
course of final land preparation. All crop residues and weeds were removed
completely before layout of the field and sowing of the inbred seeds. The field was
pulverized and leveled properly. As the experimental field was sufficiently moist,
no irrigation was given before sowing of the seeds. The recommended practices
were provided to raise a good crop. Irrigation, weeding and other intercultural

operations were done as and when necessary.
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Soil and Climatic Condition of the Experimental Field

The experimental field area was a medium high land. The texture of the soil
was fertile and silty loam having pH 5.2-6.4. The topography of the field was
medium high land above flood level. It was readily broken when pulverized.
Well drained sandy loam and medium loam soils, rich in humus are most
suitable for maize. The climate of the location is characterized by relatively
low temperature and little rainfall during rabi or winter season (November to
March) and high temperature and rainfall during kharif or summer season

(April to October).

Experimental Layout and Size of the Experimental Field

Layout of the experimental field and 25 inbred lines were sown in a
Randomized Block Design with three replications. The field comprised total
area of 12x18 square meter having 3 replications. Size of each replication was
16.5 m x 5 m having 25 rows (lines). Each line contained 10 plants. The
distance was 100 cm from row to row and 30 cm from plant to plant and in
each row ten hills was maintained. In each hill, one plant was maintained. The

inbred lines were randomly assigned in each line of replication plot.
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Figure 3.1.1 Design of the experimental field
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Sowing of Maize Inbred Lines and Raising of Seedlings

Twenty-five maize inbred lines were randomly assigned to the inner 25 lines in
each replication. Before sowing, inbreds were treated with vitavex-200 (0.3%).
After sowing, inbred lines were covered with soil. The sowing date in three
years was 24 November 2008, 26 November 2009 and 28 November 2010,
respectively. When seedling emergence was completed 10 plants were kept in

each row (line) of each replication.
Intercultural Operation and Disease Control

Weeding was done twice, one within 25-30 days after sowing and other within
40-45 days after sowing; the plants were 15-20 cm in height. Irrigation was
done to the experimental plot as needed. The crops were almost free from
diseases and insect pests. Only at the early stage of growth, seedlings were

sprayed appropriated insecticide.
Collection of Data

Five plants were tagged randomly for recording observations for each entry for
all the quantitative characters. Mean of five plants for each entry in each
replication was worked out for each character at each replication and used for
statistical analysis. Data on the following quantitative characters were recorded

at appropriate stages of plant growth.

i). Days to tasseling
The number of days from sowing up to the day on which 50% of the

plants showed tassel emergence was recorded as days to 50% tasseling.

ii). Days to silking
The number of days from sowing up to the day on which 50% of plants

showed silk emergence was recorded as days to 50% silking.
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iii). Days to maturity (DM)
Maturity time was recorded in days from the date of planting to the date of

yellowish layer formation of grain of 50% population.

iv). Plant height (cm)
Height of the plant from ground level up to the base of fully opened flag

leaf was recorded in centimeters as plant height when plants were mature.

v). Ear height (cm)
Height from ground level up to the base of the upper most bearing inter-

node was recorded as ear height in centimeters.

Collection of Data on Harvesting and Cob Related Characters

The maize inbred lines were harvested at 90 days (5 March 2009, 9 March
2010 and 12 March 2011). When the color of leaf turned yellow and dropped
off then plants of individual orientation as tagged previously were separately
harvested. Harvested inbred lines were cured and slotted properly. Data on
different quantitative characters were collected on individual plant basis from
five plants randomly selected in each line of each replication. All the
measurements were taken in CGS system. Cob related data were measured and

recorded on the following characters:

vi). Cob length (cm)
Length of the ear was measured and recorded in centimeters at the time of

harvest as its total length (from the base to the tip of the ear).

vii). Cob diameter (cm)
Cob diameter was measured and recorded in centimeters as the thickness of

the ear i.e., at the middle of the ear.
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viii). Number of kernel rows /cob

Number of kernel rows per cob was counted and recorded.

ix). Number of kernels /row
Number of kernels per row was counted and average was recorded as

number of kernels per row.

x). Number of kernels /cob (number of grains/ear)

The total number of kernels per cob was counted and recorded.

xi). Grain yield/plant (g)
Grain yield per plant expressed in grams was recorded by weighing the

grains obtained after shelling of cobs from individual plant.



Materials and Methods =. 47

Collected cob with husk

N\

Exp.II Crossing block Crossing block

Plate No. 1: Different stages of inbreds and crossing block
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Fi plants | o | Fi1 plants

Plate No. 2: F seeds and F; plants
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Techniques of Statistical Analysis of Data
Mean data of three years were analyzed in the first experiment. The collected
data were analyzed following the biometrical techniques of analysis as

developed by Mather (1949) based on mathematical model of Fisher (1936).

Genotypic variance, phenotypic variance, genotypic coefficient of variation and
phenotypic coefficient of variation were estimated as suggested by Singh and
Chaudhary (1985).

Broad sense heritability was calculated as suggested by Johnson et al. (1955)
and genetic advance was estimated using the formulae suggested by Johnson et
al. (1955) and Hanson et al. (1956).

Genotypic and phenotypic covariances were estimated according to the

formulae suggested by Singh and Chaudhaury (1985).

Genotypic and phenotypic correlation coefficients were calculated using the

formulae suggested by Miller et al. (1958).

Path coefficient analysis was done following the method as suggested by
Dewey and Lu (1959). As per suggestion of Robinson et al. (1951) yield was

also included as one of the independent characters.

The expected genetic advance from straight selection|GAS] and from the
discriminant function [GAD] was first estimated and the expected gain from
the discriminant function over straight selection was calculated for all the
functions studied as follows: Expected gain (%) =[(GAD/GAS)-1]x100.
Multivariate analysis was done based on Mahalanobis analysis, D?- statistics
(Mahalanobis, 1936).

General combining ability (GCA) and specific combining ability (SCA) were
estimated by following Model-1, Method of Griffing (1956). The mean squares
for GCA and SCA were tested agaist error variance desired. Mean data were

used to estimate heterosis over mid parent and better parent according to Rai
(1979).
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The techniques used for analysis of data are described under the following sub-
heads:

(i) Mean

Data on individual plant basis were added together and then divided by the

total number of observations and the mean was obtained as follows:

Mean (x) = 1 X.
n 1

n
=1
Where,

X = The individual reading was recorded on each plant

n = Number of observations

> = Summation

(ii) Standard deviation (SD)

Standard deviation is the average deviation of the individual observation from

the mean. It was calculated as the square root of the variance as follows:

SD= /62
Where,
SD = Standard deviation

0? = Variance

(iii) Standard error of mean (SE)

If several samples are considered instead of taking one, it will be found that the
standard deviations of the different samples also vary. This variation is

measured by the standard error of mean, which was calculated as follows:

SD
SE= 22

/n
Where,

SD = Standard deviation
SE = Standard error of mean

n = Total number of individual
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(iv) Coefficient of variability in percentage

Coefficient of variability in percentage (CV %) was calculated according to the

following formula:

S
CV% == x 100

X
Where,
CV% = Coefficient of variability in percentage

S = Standard deviation,

x = Genotypic mean.
(v) Analysis of variance

Variance is a measure of dispersion of a population. So, the analysis of
variance is done for testing the significant differences among the populations.
Variance analysis for each of the characters was carried out separately on
individual plant value of a row.

The variances due to different sources such as; line (L), replication(R),
interaction of R x L and within error (E) of a population were calculated as per

the following skeleton of analysis.

The variance due to different sources such as inbred line (IL), replication (R),
interaction of (ILxR) and within error (E) of population were calculated as per

the following skeleton of analysis:
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Replication ss

. df=(R-1)=2
Treatment ss
df = (ILR-1) o
| =74 —
Total ss Inbred line ss
df=(ILRS - 1) | df=({L-1)=24
=374
Within error ss
R df =ILR(S-1)
=300
RXIL ss
df = (IL-1) (R-1)
=24x2
=48
Where,
Total ss= )’ (LRS)z—CF
SR
Treatmentss =+~ S —CF
2
2R,
Replicati = —CF
cplication ss SL
L’
Line ss =———-CF
SR
> (LR,
(LxR) ss = UT —CF-Lg —Ryg

Error ss= Total ss- Treatment ss - Replication ss
L; = The value of i line,

R; = The total of j™ replication
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LiRj = The value of i'" line in j* replication

S = The value of the s™ replication

CF = Correction factor = (GT)?/ N

GT = Grand total,

N = Total number of observations = (SLR)
The analysis of variance of a mixed model was used, where line (L) was fixed
and replication (R) effect is random.
The expectation of mean square (E.M.S) is derived as follows.

Table 3.1.2.1 Analysis of variance (ANOVA)

Source of variation df MS EMS
Replication (R) R-1 MS; o%we + Slo?r
Inbred line(L) L-1 MS: | 6%we+ Sc?1r + RSc?L
RxL (R-1) (L-1) MS; o%we + So? 1R
Within error RL(s-1) MSs | cPwe
Where,

L, R, S designated for line (genotype), replication and sib respectively.
MS = Represents mean square of replication.
MS,= Represents mean square of line.
MS; = Represents mean square of RxL
MS4 = Represents mean square of within error and
SIo? r = Variance due to replication
RSc6? 1 = Variance due to line
Sc?ir = Variance due to LxR
o%we = Variance due to within error

* **%and *** denoted 1%, 5% and 0.1% level, respectively.
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(vi) Components of variation
The components of variation were phenotypic (c%), genotypic (62%),
Replication (o%r), interaction (c6°.r) and error (o?y) variances. These were
measured as follows:
Step-I: o?r= (MS-MS4)/sl
o’ L= (MS2-MS3)/rs
o’ Lr= (MS3-MS4)/s
o%we = MS4
Step-1 I:
i) Phenotypic variance (6%) = 62 1+ 6% LR + G%we
(ii) Line variance (6%) = 6° 1
(iii) Replication variance = 6° r
(iv) Line x Replication variance = 6° Lr
(v) Error variance = 6%ye

vii) Estimation of genotypic and phenotypic coefficient of variation

Genotypic coefficient of variation (GCV) and phenotypic coefficient of
variation (PCV) were calculated as per Singh and Chaudhary (1985) by the

following formulae.

a) Phenotypic coefficient of variability

2
pcv =y P 100
X
b) Genotypic (Line) coefficient of variability
62 g
GCV =\ Z—2x100
X
c) Genotype x Replication coefficient of variability
2
G x ReV =V 2 x100
X
d) Error coefficient of variability
02e
ECV =VZ==x100

X
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Where,

0%, = Genotypic variance
o’p = Phenotypic variance,

x = Population mean

(viii) Heritability (h*b)

Heritability (in borad sense) estimates was computed by dividing the genotypic
variance with phenotypic variance and then multiplying by 100 as suggested by
Warner (1952).

az
b2 (%) =§% %100

Where,
h?, = Heritability in broad sense

0%g = Genotypic variance

0*p = Phenotypic variance

(ix) Genetic advance (GA)

Genetic advance was calculated by the following formula as suggested by

Allard (1960):

GA =K. op (c%g/c’p)
Where,

K = the selection differential in standard units for the present study it
was 2.06 at 5% level of selection (Lush, 1949).

op = Square root of the phenotypic variance
o’p = Phonetic variance
o?g = Genotypic variance

(x) Genetic advance in percentage of mean (GA %)

Genetic advance in percentage of mean was calculated by the following

formula given by Comstock and Robinson (1952):
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GA

GA%Z?MOO

Where,

x = Population mean

(xi) Analysis of covariance

For the purpose of correlation coefficients and path-coefficient, the analysis of
both variance and covariance are required (Miller et al, 1958). Therefore,

covariance was calculated between all possible pairs of characters.

Mean value per replication per genotype of three years were arranged in
combined table and analyses of covariance were done as per following
formula:

n n n
ol

Cov. = 1=l 1=l
' n—1
Where,
Cov. = Covariance
n
> XiYi =Sumof X and Y
1=l

n
> Xi = Grand total of X
=1

n
> Yi = Grand total of Y

1=1
n = Number of observation

n-1= Degrees of freedom

> = Summation
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The expectation of mean cross product (MCP) was derived as follows:

Table 3.1.2.2. Analysis of covariance

Source of variation df MS EMS
Replication (R) 2 %12 + GO*R1z

Inbred line (G) 24 0%12 + 0°Riz + RLA12
GxR 48 0*12 + R°GY 12+R*Y 12
Error (E) 300 %12

G0&”R 2 = Covariance due to replication.
R&?G12 = Covariance due to genotype
R&*GY 12 = Covariance due to GXY.
0?12 = Covariance due to error.
The phenotypic (0°P12), genotypic (0?gi2), interaction (6°GRi2) and error

covariance (0%12) were determined as follows:

Step-1
0*g12 = (MCPg — MCP gxr)/R
0’GRi2 = (MCPgxr - MCPe)/R
0?12 = MCPe
Step-2
a. Phenotypic covariance (0°P12) = &°gi2 + %12
b. Genotypic covariance (8°gi2) = 6°g12

(xii) Correlation coefficient

The correlation coefficient at phenotypic (rp), genotypic (re) and environmental

(re) levels were calculated as follows:
(A2 2 2p L
Iy = (0°p12)/ (0°p11 X0 Pa2)5
— (A2 2 2oy L
re=(0°g12)/( 0°g1ix0°gn) 5

1
re = (0%enn)/( *e11x0%e22) 5
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Where,

0’p12, ©°gi2 and O%e12 represent phenotypic, genotypic and
environmental covariance of character 1 and 2. 6%p11, &*gi1 and &%e1; represent
phenotypic, genotypic and environmental levels of character 1. 8*pa2, 6> and
0%ey, indicate variance at phenotypic, genotypic and environmental levels of

character 2.
(xiii) Path coefficient

The path coefficient analysis was carried out using the formula and Wright
(1923) as illustrated by Dewey and Lu (1959). The path-coefficient analysis
was done at both phenotypic and genotypic levels by solving the simultaneous
equation using matrix method.

The form of equation is as follows:

Iy = Pxy T x2 Poy HH 13 Py oo Txn Pny
Where,

Ixy = correlation between one components character and yield.

Py = Path-coefficient between the same character and yield.

x2, I3 ... Ixn = Represent correlation coefficient between that character

and each of the other yield components in turn.

The above equation was written in a matrix form as:

A B C
11y | =[ 12 I13 riy | [ Piy]
T2y 21 22 23 2) y Py
I3y I31 32 133 I3) Psy
Tiy Til Ii2 Ii3 Iis Piy

A=BxC; ThenC=B'A
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Where,
P,y = direct effect of the character i on the dependent trait y (yield).

The indirect effect of a particular character through other characters was
obtained by multiplication of direct path and particular correlation coefficient

between those two characters respectively.
Indirect effect = riy x Piy

Where,

Where, 1 = correlation coefficient between two independent characters.

The residual effect is assumed to be independent to the remaining variables. It

was calculated from the formula as proposed by Wright (1923).
Residual effect (%) = 1-R2
R2=Piy+Pay oy + coeverrieireree, + Pny Iny
R? is the required multiple correlation coefficient and is the amount of variation
in yield that can be accounted for by the component characters.
(xiv) Selection index
The coefficients, by, by .......... bn used in the discriminant function
technique was obtained from the genotypic and phenotypic variances and

covariances arranged in the matrix as follow:

X b G
X X2 Xi3 X1y b, G G2 Gi3 Gy
Xoi X X3 Xo; b, _ Gai G2 Go23 Gay
X X1 X3 X bs Gsi (€553 Gs3 Gay
X Xo Xa X by Gi1 Giz Gi3 Gij

at
az
as

an
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The solution of this matrix gave the estimates of ‘b’ values in the following
manner (Singh and Chaudhury, 1985).

b=X'!1GA
Where,
‘b’ is the column vector, X!, is the inverse of phenotypic variance
and covariance matrix,’G’ is the genotypic variance and covariance matrix and
‘a’ 1s the column vector for economic weights. Assuming that all the characters

are of economically equal importance, i.e., a;= ar= az=y.

The values obtained for b;, bs....... b, were used in discriminant function
selection technique. The phenotypic and genotypic variances and covariances
as obtained were used for constructing the discriminant function using different
character combinations according to the method as developed by Fisher (1925)
and Smith (1936). Yield/plant was also included as one of the independent
characters as suggested by Robinson et al. (1951). The expected genetic
advance from straight selection {GA(S)} and from discriminant function {GA

(D)} was calculated as follows:
1
GA(S) = (Z/P) % (gyy)/ (tyy) 5 and

1
GA(D)=(Z/P)*(bigiy* bagay) 5
Where,

7/P= the selection differential in standard units, for the present study it
was 2.06 at 5% level of selection (Lush, 1949).

gyy and ty,= the genotypic and phenotypic variances of character.
b, by ...... b,= the relative weights for character.
g1y, g2y ....= the genotypic co variances of independent character with y.

The expected gain from the discriminant function over straight selection was

calculated for all the functions as shown below:

Expected gain (%) = [GA (D)/GA(S)] x100.
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(xv) Genetic divergence

After analysis of variance and covariance, the data were D? statistics. First, D?
values of all the individual population is (n-1) combinations were arranged in
ascending order. After arranging the D? values in this manner a method

suggested by Rao (1952) was used for cluster formation.

After formation of the cluster on the basis of D? values, the average intra-

> di’

n

where di? = sum of the

cluster D? values were obtained by the formula

distances between all possible combinations (n) of the populations included in
a cluster. In this way, average inter-cluster D? values were also obtained
between any two groups. The square roots of the D? values represented the
distance between and within groups. A measure for group distance based on
multiple characters was given by Mahalanobis (1936).

With xi, X2 X3,..%, as the dy as i%—ilz,ilz—ig, ......... ,i%)—ig,

respectively, being the difference in the means of two populations,
Mahalanobis’ D? — statistics is defined as follows:

pDZ = bldz + bZdZ T + bpdp
Here,

The b; value is to be estimated such that the ratio of variance between
the populations to the variance within the populations is maximized. In terms

of variances and covariance, the D? value is obtained as follows:

2 _wiil (wlow 2wl %2
oD WJ(Xi X: )(Xj Xj) .. (1)

Where,

Wi is the inverse of estimated variance co-variance matrix.
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EXPERIMENT 11

3.2.1 MATERIALS

The genetic materials used in this experiment were six parents (ILs=P1, ILs=P>,
IL18=P3, IL10=P4, IL23=Ps and ILi=Ps) and their F1 which were PixP,, PixP3,
P1xPs, P1xPs, P1xPs, P2xP3, P2XP4, P2xPs, P2xPs, P3xP4, P3xPs, P3xPg, P4xPs, P4xPg
and PsxPs.

3.2.2 METHODS

Field Experiment
The present investigation was carried out during 26 November 2009 and 28
November 2010 seasons at the experimental field, Department of Botany,

University of Rajshahi, Bangladesh.

The genetic materials were crossed in half diallel fashion in 26 November 2009
and to obtain the F; seeds. The F; seeds of all the crosses with their parents
were planted in the field in 28 November 2010 season for evaluation in a
randomized block design with three replications. The experimental unit was
single row of 3 m long. Inter-plant and inter-row distances were 10 and 30 cm,

respectively. All other treatments were kept constant for the whole experiment.

Collection of Data

Five plants from each row were randomly selected for recording data on the
studied characters such as days to tasseling, days to silking, days to maturity,
plant height, ear height, cob length, cob diameter, number of rows/cob, number

of kernels/row, number of kernels/cob and grain yield/plant.

Techniques of Statistical Analysis of Data
(i) Diallel and Combining Ability Analysis
The collected data were analyzed following the biometrical techniques of

analyses according the Method 1 (Parents+F;s = half diallel) given by Griffings
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(1956). In this study, six parents (n=6) were involved in the diallel, producing
15 Fis [n (n-1)/2] and without reciprocals i.e., there were 21 total entries, 15
crosses and 6 parents. Techniques of analyses of the data are described under

the following sub-heads:
Testing the significance differences

The data were first analyzed to test the significance of crossing differences. If
the mean squares due to crossing are significant, there is need to proceed for
further analyses. The total variability in the treatments was partitioned into
components like variance due to replication, crosses (including parents),
interaction (C x R) and within error.
The sums of squares were calculated as follows:

Correction factor = (Grand total)> /r X (n xn) x s

Total s = Individual observation? — CF

Treatment s= 2. X;i*/s—CF

yx .2
Replication ss= ) _cF
CXs

Cross (including parents) ss = > Xi* rs — CF

C x Rgs= Total ss— Treatment ss— Replication g
Within error ss = Total s — Treatment g
Here, X;= Replication total

Xj = Treatment total

Xk = Cross (including parents) total

r = Number of replications

n = Number of parents

¢ = Number of crosses (n x n)

s = Number of plants or sibs



Materials and Methods =. 64

Table 3.2.1.1. Preparation of ANOVA

Sources of variation df SS MS EMS VR VR,
Treatment 74 SS SSy/df = MS; MSi/MSs | MSi/MS4
Replication(R) 2 SS» SS)/df=MS, | o?wi+.....+¢cs62R ;| MS2/MSs | MS,/MSy
Crosses (C) 21 SSs SS3/df=MS; | o?wi+ MS3/MSs | MS3/MS4
(including parents) s62111+156°C1)

Interaction 48 SS4 SS3/df=MSs | o?wi+soil);

(D (CxR)

Within error (W) 300 | SSs SS3/df=MSs | o?wy,

Total 374

Estimation of variance and covariance

A number of first and second degree statistics (Mather, 1955) were calculated
from the mean data. With the environmental expectation (E) included, the
statistics of the above parameters may be shown as follows (Hayman, 1954 b):

Sum of all the diagonal values
Number of parents

Parental mean =

(Z Diagonal values)

1
VoLo="7[> Diagonal values” —
0=0 " n-1 [2_Diag Number of diagnoal values

1
Vr—n_ 1 2 Crosses involving a particular parent2 -

. . . 2
(Z Corsses involving a particular parent) ]

Num of parents

1
ViLi = 0 > Vi

) Z Arrays Z Digonal values
W:= | ¥ Arraysx no - recuring parents) —

Number of parents

1
WoLo = 0 > Wii

1 Array means )’
VoLi =177 D Array means’ — (Z Y )

Number of arrays

1 1
(ML, — MLo)* = [, {; Grand total — Diagonal values}]?
The above statistics may be defined as follows:

VoL = Variance of parents.
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V. = Variance of each array.

ViLi = Mean variance of the arrays.

W: = Covariance between parents and their offsprings.
WoLoi=Mean covariance between the parents and the arrays.
VoL = Variance of the mean arrays.

(ML — MLy)? = The difference between the mean of the parents

and the mean of their n? progenies.

The environmental variation (E) is calculated by using the following formula:

E=1/r { Interaction Error ss + Within Error ss + Rep.ss }
Interaction Error df + Within Error df + Rep.df

Testing the validity of the hypothesis
The probable fulfillment of the hypothesis (Hayman, 1954 b) is tested by using

the following formula:

2 n-2 {Valr(Vr)—Var(Wr)}2
4 | VarV, xVar W, -Cov’(V,,W,)

Which is an F with 4 and (n — 2) degrees of freedom.
When,

2 Wri ’
Var (Wr) ﬁ{{wﬂ —(ZT)}

{{Vﬂz V) }
n

Cov (Vi,W;) = %{{err _M}
n- n

‘ -

Var (Vr) =
n -

[S—

Here,
Var (W;) = Variance of W;
Var (V:) = Variance of V:
Cov (V,W;) = Covariance between V: and W,
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This is tested against the table value of “F” with 4 and (n — 2) degrees of
freedom. Its significance indicates failure of the hypothesis. Another way of
testing the hypothesis is through the regression coefficient, calculated by using

the following formula:

b= Cov (V,W))
~ Var (V)
Where,
Cov (W, Vy) = {z VW, —m}/(n -1) and
n

V)2

Var (V) = {va BORA ]/(n -1
n

Therefore,
b= Cov (Wi, Vy)
~ Var (V)

Standard error (b) = [(Var W; —b Cov W;V;)/ Var V;(n — 2)]"?
Now the significance of b from zero and unity can be tested as follows:
Hob=0
=(b-0)/SE (b) and
Ho:b=1
=(1-Db)/ SE (b)
These values are tested against table value of “t” for (n — 2) degrees of
freedom.

Components of variation and their proportions

The expected values of the components of variation obtained by least square

computations are as follows:
D=VoLo—E
F=2VoLo—4WoLo1 —2(n-2) E/n
H>=4ViL1 -4VoL: - 2E

h?=4 (ML - MLo)? — 4 (n — 1) E/n?
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Fr=2 (VoLo— WoLo1 + ViLi = W:-V;) -2 (n—-2) E/n
The above components are genetic parameters:
D = Variation due to additive effect. F =The mean of “Fr” over the arrays.
Hi = Component of variation due to the dominance effect of the genes.

h? = Dominance effect (as algebraic sum over all loci in heterozygous phase in

all crosses).
Fr = The covariance of additive and dominance effects in a single array.
Ho=Hi [l -(u-v)?]
Where, U = Proportion of positive genes in the parents.
V = Proportion of negative genes in the parents.
Thus, H, =4V L1 —4VoL; - 2E

For testing the significance of each of these components, respective standard
errors were calculated. Here the common multiplier or variance (S?) was

calculated using the following formula:

S? =15 [Var (W:— V)]
And the specific multiplier was calculated with the following formula:

D = (n’ + n*)/n’
F = (4n° + 20n* — 16n° + n?)/n°
H; = (n’ + 41n* — 12n® + 4n?)/n®
H, = (36n*)/n’
h? = (16n* + 16n%> — 32n + 16)/n°
E =n%n’

The standard errors for the different estimates were then calculated using the

specific multiplier and common multiplier, which are as follows:

SE (D) = {Specific multiplier x Common multiplier (s?)} %
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Graphical analysis

Diallel analysis for for the components of genetic variances and Vr-Wr graphs

for all the characters studied were done according to Hayman (1954a, b).

A diallel table was prepared from the averages over all the three replicates and
the following statistics were estimated. Vr = Variance of all progenies in each

parental array (an array is a group of crosses involving a particular parents).

Wr = Covariance between parents and their offspring in each array. The
validity of Hayman’s hypothesis was tested for all the characters studied by the

equation.

Combining ability analysis

In the combining ability analysis the data are rearranged in Table 3.4. In this
table, each value is the mean value in all the replications. The total variability
in the population may, therefore, be partitioned into components like variance
due to general combining ability (gca), specific combining ability (sca) and

error. Using replicate mean the various sum of squares are obtained as follows:

1 . o 2,
ssduetogca = — Yi.+Yj) —-=Y.
g o [Z( ) }

ssduetosca = 1/2 Y3 Yij(Yij+Yji)-1/2n3 (Y .j+Yi)*+1/n?Y?

Table 3.2.1.2. ANOVA for combining ability in method I

Source df SS MS EMS
gca 5 SSi MSg c’eto’g 2(n-1) /n+2nc’g
sca 14 SS2 MSs c?e+2(n’>-n+1) 6?s/n?
Error 40 SS3; | MSe ce

Where,

gca = General combining ability.
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sca = Specific combining ability.

Yij = Mean of 1 x j th cross

MSg = Mean square of gca effects.

MSs = Mean square of sca effects.

MSe = Mean square of error.
The mean of sum of squares due to error divided by the number of replications.
Mean error variance, Ms, and Mss have been calculated from the mean data,
mean error variance is therefore, required for F-test.

B MS(error)
(error) = Number of replications

Thus MS/

The general combining ability effects are defined as follows:
gi=12n(Yi+Y;)-1/n?Y..
The specific combining ability effects are defined as follows:

Sij = 1/2( Y3 + Yji)-1/2n (Yi. +Y.i+Y]. +Yj) + 1/n?Y.

(ii) Heterosis Study

A diallel cross of 6 x 6 excluding reciprocals for obtaining Fi was conducted in
the period from October, 2010 to March, 2011 was the materials of this
investigation. Data on eleven quantitative traits were analyzed following the

techniques given below. Techniques of the analysis of data:

Estimation of mid-parent and better-parent

For estimation of heterosis in each parameter the mean values of the 15 Fis
have been compared with better-parents (BP) for heterobeltoisis and with mid-

parent (MP) for heterosis over mid parent value.

Percent heterosis was calculated as
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Heterosis (MP) - Fi_.MP  x 100
MP

Heterosis (BP) - 1_31-BP x 100
~ BP
Standard error for each individual and overall heterosis was calculated.
Significance tests for heterosis were done by using pooled error from the

analysis of variance of F and parental populations.

Mid-parent=1/2(P1+P>)
Variance of mid-parent=1/4(VP1+VP»)

Variance of F1=VF;

Standard error of mean of MP and Fi=V1/4VP+1/4V P»+VF,

Here, N = Total number of populations (Pi+P>+F1)

t=Estimated value of MP heterosis / Standard error of mean
Standard of error of mean of BP = /VBP /N
Here, N = Total number of populations (F1)

t= Estimated value of BP heterosis / standard error of mean of BP

A general specification of heterosis must, therefore, be able to accommodate

heterosis both in the positive (F1>P1) and in the negative (Fi <P») directions.

If heterosis is measured on a scale on which an additive—dominance model is

adequate, then for positive heterosis, its expected magnitude is given by

Heterosis = Fj— Py = [h] —[d] and for heterosis to occur [h] must be positive

and greater than [d]. For negative heterosis the comparable expectation is given

by Heterosis = 1_:1 — P2 = [h] — (- [d]) and heterosis will occur only when [h] is
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negative and greater than [d]. If the additive-dominance model is inadequate,
its specification becomes complex.
Test of significance for hetorosis

The significance of heterosis was tested with the help of critical difference

(CD) (Mian, 1985; Singh and Narayanan, 1993).

CD= SE of difference + “t” at 5% or 1% level of probability at respective

degrees of freedom.
SE(H1)=\(3/2xVe/r)
SE(H))=V(2xVe/r)
Where,

Ve= error mean square of the ANOVA involving parents, Fis and the

commercial/ cultivated variety.
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RESULTS

Experiment I

In the present study 25 maize inbred lines were evaluated for eleven
quantitative characters viz., days to tasseling, days to silking, days to maturity,
plant height, ear height, cob length, cob diameter, no. of rows/cob, no. of
kernels/row, no. of kernels/cob and grain(kernel)yield/plant. Collected data
were analyzed in order to estimate mean with standard error, coefficient of
variability, heritability, genetic advance, genetic advance as percentage of
mean, correlation coefficient, path coefficient, selection index and genetic
diversity with D?- statistics. The results derived from these different statistical

analyses are described under different heads.

4.1.1 GENETIC VARIABILITY
Mean with Standard Error and Coefficient of Variability

Mean with standard error (SE) and coefficient of variability as percentage (CV
%) for eleven characters for twenty five maize inbred lines was calculated from
the pooled data and the results are shown in Tables 4.1.1- 4.1.6. The maximum
days to tasseling (83.667) was recorded for IL-15, whereas the lowest days to
tasseling (65.265) were noted for IL-4. On the other hand, CV% was highest in
inbred line IL-10 and lowest in IL-5 for the days to tasseling (Table 4.1.1). The
maximum days to silking (94.267) was exhibited by IL4, while the minimum
value (84.667) was observed in IL-18. The highest CV% was recorded in IL-18
and the lowest in IL-7 (Table 4.1.1). The maximum days to maturity (129.733)
was noted in IL-5 while the lowest (114.733) was in IL-10. The highest CV%
was noted in IL-10 and the lowest CV% in IL-2 (Table 4.1.2). The highest
plant height (111.529) was exhibited by IL-4, IL-5 and IL1-5 and the lowest
was noted for IL-1 (96.459). The maximum CV% was recorded in IL-24 and
the minimum in IL-3 and IL-13 (Table 4.1.2).
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For ear height, the highest mean was recorded in IL-24, IL-21 (52.470) and the
lowest mean was recorded in IL-1 and IL-2 (36.677). The highest CV% was
noted in IL-14 and the lowest CV% was noted in IL-24 (Table 4.1.3).

The highest cob diameter was noted in IL-19, IL-17, IL-22, IL-14 (13.414) and
the lowest was noted in IL-21 (9.933). The highest CV% was noted inlL-4 and
IL-18 and the lowest in IL-12 (Table 4.1.3). For cob length, the maximum
(13.181) was recorded in IL-24, IL-9 and the lowest (9.996) was recorded in
the IL-2. The highest CV% was noted in the IL-15 and IL-21 and the lowest
was noted in IL-3 (Table 4.1.4).

The maximum number of rows/cob (13.333) was noted in IL-23 while the
lowest (10.733) was noted in IL-5. The highest CV% was noted in IL-2 and IL-
22 and the lowest CV% in IL-7 (Table 4.1.4). For number of kernels/row, the
maximum (15.333) was recorded in IL-4 and IL-13 and the minimum (12.600)
was recorded in IL-22. The highest CV% was noted in IL-13 and the lowest
was noted in IL-22 (Table 4.1.5). The maximum number of grains/cob was
noted in IL-18 (72.133) and the lowest was noted in IL-8 (63.533). The highest
CV% was noted in IL-10 and the lowest in IL-11 and IL-9 (Table 4.1.5). For
grain yield (grain weight/plant), the maximum (84.904 g) was recorded in the
inbred line IL-1 and the lowest (65.577 g) was recorded in IL-21.

The highest CV% was noted in IL-15 and the lowest was noted in 1L-4 (Table
4.1.6). Twenty five inbred lines were evaluated to find out the extent of genetic
variability for the respective characters (days to tasseling, days to silking, days
to maturity, plant height, ear height, cob length, cob diameter, number of kernel
rows/ear, number of kernels/row, number of grains/cob and grain yield/plant).
Significant variations were existed among the inbred lines for the characters
studied. Mean performances of 25 inbred lines are presented in Tables 4.1.1-

4.1.6.
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Duration of silking ranged from 84.667 to 94.266 days. The inbred line 1L-4
and IL-5 took the longest time to silk and maturity which was statistically

different from the other inbreds.

Inbreds IL-18, IL-10 and IL-23 took the shortest period for silking and maturity
and were statistically different from the others. IL-4, IL-5 and IL-15 were the
tallest inbred lines which were statistically identical with IL-3 and IL-19. The
shortest height was produced by IL-1. Inbreds IL-21 and IL-24 showed the
highest ear height where as IL-1 and IL-2 appeared as the shortest for the
height. The inbred lines IL-19 and IL-24 showed the highest mean performance
for ear length and appreciable ear diameter. Inbred line IL-23 had the highest
number of kernel rows/cob which was statistically identical with IL-19 and IL-
18.

The highest number of kernels/row was recorded in IL-6. Number of grains/cob
ranged from 63.533 to 72.134. The grain yield/plant (weight/plant) ranged from
65.523 to 84.904 g. The inbred line IL-1 produced the highest grain yield
which was statistically similar with IL-23, IL-18 and IL-14. Yield performance
of IL-4 was poor. So, the best performance was observed in IL-4, IL-5, IL-18,
IL-10, IL-23 and IL-1 inbred lines on the basis of tasseling, flowering and

different important characters.
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Table 4.1.1. Mean with SE, CV % for days to tasseling and days to silking
of 25 inbred lines of maize

Inbred lines

Days to tasseling

Days to silking

Mean+SE CV% Mean+SE CV%
IL-1 78 600£1.530 | 7.5391 88.865+0.930 4.054
IL-2 76.86641.555 | 7.8346 90.867+1.009 4.300
IL-3 70.26541.675 | 92304 92.534+0.975 4.082
IL-4 65.26441.026 | 6.0866 94.265+0.796 3.269
IL-5 75.86740.956 | 4.8779 93.736+0.796 3.287
IL-6 7413441068 | 5.5820 89.667+1.330 5.744
IL-7 71.93341.329 | 7.1557 91.200+0.579 2.459
IL-8 6786541576 | 8.9951 91.800+0.611 2.578
IL-9 7993341148 | 6.0981 92.1344+0.990 4.161
IL-10 75.80042.664 | 13.6119 92.535+0.668 2.796
IL-11 75.000£1.082 | 5.5801 93.067+0.628 2.615
IL-12 79 266+1.119 | 5.9968 92.736+£0.918 3.834
IL-13 77 200£1.096 | 5.5000 91.534+0.755 3.195
IL-14 7513421383 | 7.1297 91.538+0.682 2.887
IL-15 83.66742.184 | 10.1082 91.337+0.591 2.506
IL-16 74.934+1307 | 6.7572 89.400+0.872 3.777
IL-17 7846541764 | 8.7087 88.269+0.733 3.218
IL-18 7493541416 | 7.3176 84.663+1.701 7.779
IL-19 7926641465 | 7.1598 90.937+1.322 5.630
IL-20 20.200+1.808 | 8.7307 92.800+1.176 4.908
IL-21 76.066:2.207 | 11.2374 87.937+1.343 5.916
IL-22 77 400+1.588 | 7.9464 87.338+0.860 3.814
IL-23 78 6002210 | 10.8894 91.539+0.689 2916
IL-24 79.067+1.777 | 8.7032 90.737+1.569 6.697
IL-25 79.86541.496 | 7.2526 87.334+1.508 6.686

LSD =6.822

LSD=6.551
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Table 4.1.2. Mean with SE, CV % for days to maturity and plant height
(cm) of 25 inbred lines of maize

Inbred lines Days to maturity Plant height
Mean+SE CV% Mean+SE CV%
IL-1 124.665+£0.659 | 2.0488 96.459+1.447 5.811
IL-2 122.600+0.524 1.654 101.223+1.648 6.306
IL-3 124.734+0.556 | 1.7265 | 108.927+1.332 4.737
IL-4 123.738+0.714 2.235 111.529+1.961 6.811
IL-5 129.780+0.796 2.376 111.123+2.101 7.323
IL-6 127.812+1.135 3.438 106.630+1.542 5.600
IL-7 125.600+0.809 2.496 106.300+1.943 7.081
IL-8 125.134+0.970 3.005 103.153+2.412 9.056
IL-9 123.150+1.009 3.173 104.307+1.806 6.706
IL-10 114.735€3.202 | 10.808 | 104.793+2.297 8.488
IL-11 124.732+1.333 4.137 103.079+2.026 7.611
IL-12 123.401+1.644 5.159 101.869+1.888 7.179
IL-13 123.800+1.314 4.109 09.257+1.228 4.791
IL-14 120.335+1.804 5.805 100.503+2.222 8.564
IL-15 123.370+0.950 2.981 111.007+1.860 6.488
IL-16 124.665+0.766 2.380 104.975+£2.107 7.774
IL-17 122.136+1.664 5.278 105.394+2.238 8.223
IL-18 125.930+0.848 2.607 104.053+1.846 6.871
IL-19 122.920+1.136 3.578 106.065+2.141 7.817
IL-20 124.825+1.294 4.014 08.586+1.855 7.287
IL-21 124.461+1.059 3.296 106.351+1.677 6.108
IL-22 118.412+1.447 4.732 104.735£1.976 7.307
IL-23 117.465+1.064 3.508 97.860+2.896 11.459
IL-24 119.861+2.225 7.189 100.483+3.434 13.235
IL-25 121.012+0.946 3.028 101.740+1.999 7.611
LSD =7.359 LSD=12.057
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Table 4.1.3. Mean with SE, CV % for ear height (¢cm) and cob diameter
(cm) of 25 inbred lines of maize

Inbred lines Ear height Cob diameter
Mean+SE CV% Mean+SE CV%
IL-1 39.160+1.789 17.69 10.553+0.339 12.451
IL-2 39.677+1.346 13.142 11.682+0.358 11.879
IL-3 45.058+2.205 18.949 10.839+0.351 12.552
IL-4 41.913+1.744 16.119 11.884+0.429 13.983
IL-5 43.260+0.963 8.62 12.216+0.403 12.778
IL-6 47.546+2.012 16.387 10.536+0.47 17.278
IL-7 48.817+1.415 11.227 11.391+0.507 17.224
IL-8 50.281+1.173 9.034 12.283+0.39 12.304
IL-9 48.330+1.352 10.838 10.863+0.48 17.099
IL-10 44.965+2.228 19.194 12.299+0.468 14.726
IL-11 51.768+1.516 11.342 10.637+0.37 13.454
IL-12 49.764+2.177 16.942 12.562+0.289 8.905
IL-13 48.578+2.457 19.593 12.748+0.367 11.154
IL-14 50.643+2.858 21.857 13.080+0.238 7.047
IL-15 47.139+1.554 12.771 10.043+0.307 11.845
IL-16 46.287+1.689 14.134 12.977+0.343 10.229
IL-17 50.0214+2.074 16.057 13.153+0.383 11.276
IL-18 49.160+2.323 18.302 12.284+0.435 13.726
IL-19 48.915+2.164 17.131 13.415+0.327 9.455
IL-20 49.043+2.129 16.811 11.696+0.349 11.563
IL-21 52.559+1.944 14.33 9.935+0.35 13.628
IL-22 49.930+1.322 10.258 13.217+0.409 11.988
IL-23 50.7614+2.091 15.951 12.754+0.452 13.719
IL-24 52.470+1.048 7.738 12.339+0.384 12.058
IL-25 46.089+2.308 19.396 11.537+0.332 11.134
LSD =7.359 LSD=12.057
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Table 4.1.4. Mean with SE, CV % for cob length (¢cm) and for number of
row/cob of 25 inbred lines of maize

Inbred lines Cob length Number of rows/cob
Mean+SE CV% Mean+SE CV%
IL-1 10.901+0.318 11.315 | 12.13440.435 13.885
IL-2 9.996+0.230 8.908 11.868+0.542 17.696
IL-3 12.012+0.237 7.627 11.867+0.413 13.463
IL-4 11.551+0.373 12.522 | 11.33440.303 10.369
IL-5 12.055+0.361 11.561 | 10.738+0.463 16.691
IL-6 12.303£0.395 12.423 | 12.736+0.463 14.069
IL-7 10.829+0.392 14.004 | 12.467+0.274 8.503
IL-8 12.226+0.415 13.154 11.734+0.33 10.908
IL-9 13.095+0.330 9.748 11.400+0.412 13.988
IL-10 12.926+0.526 15.754 | 11.866+0.477 15.56
IL-11 11.911+0.391 12.712 | 11.938+0.316 10.247
IL-12 11.960+0.335 10.851 | 12.135+0.435 13.885
IL-13 10.959+0.36 12.722 | 11.936+0.316 10.247
IL-14 11.581+0.418 13.984 | 11.464+0.291 9.815
IL-15 11.225+0.479 16.533 | 11.931+0.396 12.853
IL-16 10.898+0.402 14.284 | 12.601+0.375 11.54
IL-17 10.246+0.389 14.688 12.000+0.39 12.599
IL-18 11.005+0.451 15.862 | 13.002+0.352 10.483
IL-19 12.433+0.466 14.518 13.200+0.49 14.374
IL-20 11.616+0.372 12.412 | 12.401+0.349 10.905
IL-21 10.692+0.449 16.265 | 11.266+0.396 13.613
IL-22 12.389+0.400 12.496 11.934+0.53 17.193
IL-23 11.598+0.460 15.356 | 13.266+0.473 13.801
IL-24 13.181+£0.310 9.11 12.334+0.287 9.022
IL-25 12.225+0.441 13.946 | 12.067+0.371 11.914
LSD=2.5606 LSD=2.563
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Table 4.1.5. Mean with SE, CV % for number of kernes/row and number
of grains/cob of 25 inbred lines of maize

Inbred lines

Number of kernels/row

Number of grains/cob

Mean+SE CV% Mean+SE CV%
IL-1 14.600+£0.375 9.959 68.732+2.409 13.576
IL-2 13.534+0.376 10.768 66.001+1.93 11.324
IL-3 14.00+£0.436 12.074 69.136+1.956 10.96
IL-4 15.334+0.433 10.932 66.864+1.561 9.042
IL-5 14.067+£0.452 12.449 66.067+1.089 6.383
IL-6 14.735+0.502 13.198 69.000+2.287 12.835
IL-7 12.867+0.363 10.939 67.810+£1.831 10.462
IL-8 13.000+£0.458 13.637 63.531£1.104 6.727
IL-9 12.739+0.384 11.674 66.400+0.94 5.483
IL-10 13.265+0.441 12.889 69.412+2.635 14.703
IL-11 13.067+£0.419 12.43 65.665+0.871 5.137
IL-12 12.938+0.431 12.894 66.732+1.62 9.4
IL-13 15.267+0.539 13.665 68.131+2.394 13.609
IL-14 12.930+0.431 12.894 66.610+1.253 7.285
IL-15 12.739+0.248 7.548 67.665+1.861 10.652
IL-16 13.600+0.335 9.547 67.869+1.226 6.997
IL-17 13.336+0.361 10.48 65.801£1.662 9.785
IL-18 13.612+0.349 9.943 72.132+1.486 7.979
IL-19 13.067+£0.267 7.904 65.268+0.897 5.322
IL-20 13.400+0.363 10.478 69.332+2.37 13.238
IL-21 13.335+0.454 13.195 68.269+1.127 6.396
IL-22 12.612+0.214 6.572 66.264+1.274 7.447
IL-23 14.339+0.494 13.359 64.869+1.287 7.683
1L-24 14.412+0.466 12.533 67.605+2.441 13.987
IL-25 14.131+£0.456 12.505 71.412+2.428 13.168

LSD=2.583 LSD=11.187
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4.1.6. Mean with SE, CV % for grain yield/plant of 25 inbred lines of

maize
Inbred lines Mean+SE CV%
IL-1 84.904+2.9824 13.604
IL-2 69.478+1.5444 8.6094
IL-3 74.863+1.0745 5.5587
IL-4 65.523+0.4783 2.8273
IL-5 72.057+1.9259 10.351
IL-6 71.326+2.2217 12.064
IL-7 70.768+2.0575 11.26
IL-8 65.679+1.9035 11.225
IL-9 70.674+0.5981 3.2776
IL-10 71.010+£2.1374 11.658
IL-11 78.892+1.8962 9.3088
IL-12 71.116+0.6957 3.7887
IL-13 72.955+1.7702 9.3975
IL-14 82.376+1.466 6.8926
IL-15 78.913+3.6075 17.705
IL-16 75.559+2.1471 11.006
IL-17 72.750+0.7011 3.7324
IL-18 82.571+1.5644 7.3381
IL-19 80.540+1.3992 6.7286
IL-20 70.020+0.5706 3.1559
IL-21 65.579+2.1321 12.592
IL-22 79.535+1.7682 8.6101
IL-23 83.998+2.3857 11.002
IL-24 82.066+0.6435 3.0371
IL-25 75.638+1.3539 6.9324

LSD=11.01754
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Analysis of Variance

The analysis of variance for all the eleven characters was done separately and
the results are shown in Tables 4.1.7— 4.1.9. For testing the effects of the main

items and their interaction effects, a mixed model was followed.

Inbred line (L) item was highly significant at 5% and 1% level for all the
characters. The interaction of line with replication (LxR) was also highly
significant for most of the characters. Significant line item indicated that there
were significant differences among the lines for these characters considered in

this study.

Table 4.1.7. Analysis of variance for days to taselling, days to silking, days

to maturity and plant height of 25 inbred lines of maize

Days to Days to Days to .
Sources of variation | df tass}éling sillZing mat}lllrity Plant height
MS MS MS MS
Total 374 | 21.331 19.546 34.610 74.704
Treatment 74 41.372 37.519 97.611 170.041
Line 24 | 88.225%* | 79.734%* | 155.134%* |248.028**
Replication 2 64.904 42.674 98.696 305.064
LinexRep. 48 | 16.965%* | 16.196** | 68.804** | 125.422%*
Within error 300 | 16.388 15.113 19.070 51.187

Table 4.1.8. Analysis of variance for ear height, cob diameter, cob length

and number of rows/cob of 25 inbred lines of maize

Sources of variation | df Ear height |Cob diameter| Cob length I\rT?sbf:t)gf
MS MS MS MS
Total 374 69.119 3.138 2.999 2.621
Treatment 74 136.633 7.330 3.263 3.871
Line 24 197.908** | 16.265%* 3.672% 5.463%*
Replication 2 750.804 0.021 9.739 7.784
LinexRep. 48 80.405** | 3.167** 2.789%* | 2.911**
Within error 300 52.466 2.105 2.934 2313
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Table 4.1.9. Analysis of variance for number of kernels/row, and number
of kernels/cob of 25 inbred lines of maize

Number of Number of Grain
Sources of variation | df kernels/row | kernels/cob yield/plant
MS MS MS
Total 374 2.954 519.562 47.596
Treatment 74 5.407 942.962 61.907
Line 24 9.395%* 947.161** 68.778**
Replication 2 36.642 9760.248 543.050
LinexRep. 48 2.112%* 573.475%* 43.425%*
Within error 300 2.349 415.124 44.067

Genetic Parameters

The estimates of phenotypic (6°p), genotypic (c%g) and error (c%e) components
of variation were calculated separately for all the eleven agronomic characters
of twenty five maize inbred lines and the results are presented in the Table

4.1.10.
(i) Phenotypic Variation (¢”p)

For all the characters phenotypic variation (6°p) was greater than those of 6%g
and o’e components of variation as expected. The phenotypic variation is the
joint product of o°g and c%e. Table 4.1.10 shows that the greater portion of the
total phenotypic variation appeared mostly due to error variation for all the
characters. The highest value of ¢* p was observed for number of grains /cob
(1223.911) and the lowest was shown by cob length (5.418). The remaining
characters followed with their lower to higher values were as days to silking,
plant height, ear height, grain yield/plant, days to tasseling, days to maturity

and cob diameter.
(ii) Genotypic Variation (c2g)

The highest genotypic variation (c°g) was found for number of grains/cob with
a value of 808.787, while the lowest genotypic variation was recorded for cob

length with a value of 3.123 cm.
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The other characters according to lower to higher values were as cob length,
number of rows/cob, cob diameter, days to maturity, number of kernels/row,

ear height, days to tassseling and grain yield/plant (Table 4.1.10.).
(iii) Error Variation (c%e)

The highest error variation (c°¢) was recorded for number of grains/cob with a
value of 415.124 and the lowest was noted for cob length with a value of 2.294
cm (Table 4.1.10.).

(iv) Coefficient of Variability

The estimates of phenotypic (PCV), genotypic (GCV) and error (ECV)
coefficient of variability for eleven characters were calculated and the results
are presented in Table 4.1.10. In general, the phenotypic coefficient of
variability (PCV) was greater than the genotypic and error coefficient of
variability for all the characters. The estimates of the phenotypic coefficient of
variability were the highest for number of grains/cob (788.765) and the lowest
PCV was estimated for days to maturity (9.738). The PCVs cob diameter, days
to silking and cob diameter were 32.0556, 28.962 and 24.636 (Table 4.1.10.).
Genotypic co-efficient of variability was highest for number of grains/cob,

while the lowest GCV was estimated for days to maturity.

Error coefficient of variability was high for number of grains/cob followed by
grain yield/plant and ear height. However the lowest value of ECV was

exhibited by days to maturity (Table 4.1.10.).

(v) Heritability (h?b), Genetic advance (GA) and Genetic advance in
percentage of mean (GA %)

For all the eleven grain yield and yield contributing characters, heritability in

broad sense, genetic advance and genetic advance as percentage of mean were

calculated separately and the results are shown in the Table 4.1.10.
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Heritability (h2b)

The highest heritability was observed for days to silking (93.406) and this was
followed by days to maturity (88.638), days to tasseling (86.033), plant height
(81.858), cob length (82.068), ear height (77.795), number of kernels/cob
(77.183) and cob diameter (73.646) (Table 4.1.10.). The lowest value of
heritability was 66.082 observed for number of grains/cob.

Genetic advance (GA)

The estimation of genetic advance shows the highest value for number of
grains/cob (47.624) that was followed by days to silking (37.588), days to
tasseling (29.206) and plant height (28.325 cm). The lowest genetic advance
was 3.406 estimated for number of rows/cob (Table 4.1.10.).

Genetic advance in percentage of mean (GA %)

The estimation of genetic advance as percentage of mean reveals (Table
4.1.10.) the highest value 55.727 for days to silking and this was followed by
number of kernels/row (40.189), days to tassseling (38.599), cob diameter
(37.376 cm) and cob length (33.864 cm). The lowest value of GA% was 19.206

found for days to maturity.
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Table 4.1.10. Estimation of genetic parameters for grain yields and yield
components in maize inbred

GA(%)

Characters o’g c’e o’p PCV% ECV% GCV%  h*»% GA of
mean
DT 233.642 37.932 271.574 21.779 8.139 20.201 86.032 29.206 38.599
DS 356.452 25.162 381.615 28.961 7.436 27.99 93.406 37.588 55.727
DM 74.051 30.078 104.13 9.738 5.233 8.212 88.638 23.656 19.206
PH 230.965 51.187 282.153 16.148 6.878 14.61 81.8582 28.325 27.231
EH 180.447 52918 233.366 32.055 15.105 28.273 77.795 24.491 51.371
CL 3.123 2.294 5.418 20.03 8.482 18.146 82.068 4.763 33.864
CD 7.137 2.554 9.691 24.636 12.647 21.142 73.6465 4.723 37.376
NRC 4.692 2.313 7.006 21.94 11.659 17.956 72.152 3.406 26.059
NKR 20.851 6.164 27.015 19.343 17.137 14.524 77.183 8.264 40.189

1223.91

NGC 808.787  415.124 | 788.765  267.532  521.233 66.082 47.624 30.691
GYP 112.393 42.74 155.134 21.477 73.702 18.281 72.4492 18.588 32.054

4.1.2 CORRELATION COEFFICIENT (r)

Correlation coefficients between grain yield and yield attributing characters
and correlation coefficients between grain yield attributing characters of 25
maize inbred lines at the genotypic and phenotypic levels were calculated and

the results are shown in Tables 4.1.12- 4.1.13.

Genotypic Correlation Coefficient Between Grain Yield with its

Components

Genotypic correlation coefficient between grain yield and yield contributing
characters is presented in Table 4.1.11. At the genotypic level, grain yield
showed highly significant and positive correlation with days to maturity

(0.5817*), number of grains/cob (0.6534**) and number of kernels/row
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(0.5912**). Cob length showed non significant but negative correlation with

grain yield at the genotypic level.

Phenotypic Correlation Coefficient Between Grain Yield with its

Components

At the phenotypic level, the grain yield showed significant and positive
correlation with days to maturity (0.627**), cob diameter (0.655**), number of

kernels/row (0.3458**) and number of grain/cob (0.9372**) (Table 4.1.11).

Table 4.1.11. Genotypic and phenotypic correlation coefficients between
grain yield/plant and yield contributing characters in maize

Characters Correlation coefficient
Genotypic Phenotypic
Days to maturity 0.5817* 0.627**
Plant height 0.208 0.155
Ear height 0.138 0.141
Cob length -0.023 -0.031
Cob diameter 0.153 0.655%*
No. of rows/cob 0.247 0.220
No. of kernels/row 0.591* 0.346*
No. of grains/cob 0.653** (0.937%#:*

Genotypic Correlation Coefficient Between Different Pairs of Characters

Genotypic correlation co-efficient among the different pairs of characters were
estimated and the results are presented in Table 4.1.12. Among the different
pairs of characters, days to maturity showed highly significant positive

correlation with cob diameter, number of kernels/row and grain yield/plant.
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On the other hand, genotypic correlation of days to maturity with plant height,
ear height, cob length, number of rows/cob and number of grains /cob were

non-significant.

Plant height exhibited highly significant and positive correlation with ear
height and number of kernels/row. But this character showed non-significant
correlation with cob length, cob diameter, number of rows/cob, number of
grain/cob and grain yield, respectively. Number of kernels/row showed
significant but positive correlation with days to maturity, plant height and cob
diameter. On the other hand, this character was non-significant and negative

correlation with rest of the characters.

Number of grain/cob showed significant positive correlation with number of
row/cob, number of rows/cob and this character showed significant negative
correlation with plant height. Genotypic correlation coefficient of days to
maturity and number of kernels/row and number grains/cob with grain yield

also was positive significant.

Table 4.1.12. Genotypic correlation coefficient (rg) between different pairs
of characters in maize

Characters PH EH CL CD NRC NKR NGC GYP
DM 0.229  0.407 -0.442*  0.5412*  0.019 0.524* -0.196 0.582*
PH 1.000  0.815** -0.355 0.114 0.879**  0.549* -0.902**  0.208
EH 1.000 0.618**  -0.634**  -0.902**  0.165 -0.187 0.138
CL 1.000 -0.035 0.016 -0.048 0.097 -0.023
CD 1.000 0.034 0.918**  0.073 0.154
NRC 1.000 0.089 0.718** 0.247
NKR 1.000 0.512%* 0.591*
NGC 1.000 0.653**
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Phenotypic Correlation Coefficient Between Different Pairs of Characters

Phenotypic correlation co-efficient among different pairs of characters are

presented in table 4.1.13.

Among the different inter character associations, days to maturity showed
significant positive correlation with cob length, number of rows/cob, number of

grains/cob and grain yield.

The associations of days to maturity with other characters were non-significant.
Association of plant height with cob length, cob diameter and number of

grains/cob were highly significant.

The character, number of kernels/row showed significant positive correlation
with cob length and number of rows/cob. Number of rows/cob exhibited non-
significant correlation with plant height, ear height, and cob length and cob

diameter.

Correlation coefficient of number of grains/cob with number of rows/cob and
number of kernels/row were also non-significant. On the other hand, this trait
showed non-significant and negative association with ear height and cob

length.

The character, grain yield/plant exhibited non-significant and positive
correlation with plant height, ear height, number of rows/cob and number of

kernels/row.

Days to maturity, cob diameter and number of kernels/cob showed highly

significant and positive correlation with grain yield/plant.
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Table 4.1.13. Phenotypic correlation coefficient (rp) between different pairs
of characters in maize

Characters PH EH CL CD NRC NKR NGC GYP
DM 0.198 0.063 0.564*  0.1799 0.639%*  0.145 0.6142%* 0.627%*

PH 1.000 0.233 0.581*  0.907**  -0.001 0.1734 -0.556* 0.155

EH 1.000 0.193 0.1386 -0.059 0.108 -0.194 0.142

CL 1.000 0.0371 -0.022 -0.652**  -0.040 -0.031
CD 1.0000 -0.005 0.451 0.872%** 0.655**

NRC 1.000 0.782**%  0.429 0.219

NKR 1.000 0.325 0.346
NGC 1.000 0.937%*

4.1.3 PATH COEFFICIENT ANALYSIS

The correlation coefficients between grain yield and yield components were
partitioned into direct and indirect effects through path coefficient analysis in
order to find out more realistic picture of relationship. Path coefficient analysis
was performed using the values of genotypic and phenotypic correlation and

are presented in Tables 4.1.14 and 4.1.15, Figures 4.1.1 and 4.1.2.

The results of path coefficient analysis at genotypic and phenotypic levels are

described below.
Path Coefficient at Genotypic Level

The results of path coefficient analysis at genotypic level are presented in Table
4.1.14. This table shows that the highest positive direct effect was contributed
by number of rows/cob on grain yield and it was followed by number of
kernels/row and cob length. Days to maturity, plant height, cob height, cob
diameter, number of kernels/cob showed negative direct effect. Number of

rows/cob had positive direct effect (0.1814) on grain yield.
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However, number of kernels/row, days to maturity, number of grains/cob,
number of rows/cob and cob diameter contributed to grain yield through large
indirect effects of number of grains/cob (0.6723), number of kernels/row
(0.3812), number of grains/cob (0.218) and number of kernels/row (0.1872),
respectively. The total effect of cob length on grain yield was 0.4681.

Plant height expressed negative indirect effect on grain yield through number
of grains/cob. The character days to maturity showed positive direct effect on
grain yield (0.0396). This character showed positive indirect effect on grain
yield through cob height, cob length, cob diameter, number of rows/plant and
number of grains/cob. On the other hand, plant height had negative indirect
effect on grain yield through days to maturity (-0.0829), cob length (-0.0614),
cob diameter (-0.0177) and number of grains/cob (-0.1822). The total effect of

this character on grain yield was 0.6463.

Ear height had direct negative effect on grain yield (-0.0128). Cob height also
contributed to grain yield through positive indirect effect of days to maturity,
plant height, cob length, number of kernels/row and number of grains/cob. The
indirect effect of cob height through cob diameter and number of rows/cob

were negative. The total effect of cob height was 2.3639.

Cob length had positive direct effect (0.0156) on grain yield. It had positive
indirect effect through days to maturity, plant height, number of kernels/row
and number of grains/cob. The indirect effect of cob length through ear height,
cob diameter and number of rows/cob were negative. The total effect of cob

length on grain yield was 0.0117.

The character cob diameter showed the negative direct effect (—0.0038) on
grain yield. It contributed to grain yield greatly indirect effect through cob
length (0.1066) followed by number of kernels/row (0.0753).

The indirect effect of cob diameter through days to maturity, cob length,

number of rows/cob and number of kernels/row were positive.
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But it showed negative indirect effect via plant height, cob height and number

of grains/cob. The total effect of cob diameter was 0.0667.

Number rows/cob showed positive direct effect (0.1814) on grain yield. It
showed positive indirect effect through days to maturity, plant height, cob
length, cob diameter, and number of grains/cob. But this character exhibited the
negative indirect influence on grain yield through cob height and number of

kernels/row. The total effect of this trait was 0.3741.

Number of kernels/row had the highest positive direct effect (0.0307) on grain
yield. Number of kernels/row had the highest positive indirect effect (0.3923)
on grain yield through number of grains/cob followed by days to maturity

(0.3812). The total effect of number of kernels/row on grain yield was 0.9364.

Number of grains/cob had the highest negative direct effect (-0.2704) on grain
yield. This character had the highest positive indirect effect (0.6723) on grain
yield through number of kernels/row followed by number of rows/cob

(0.2156). The total effect of this trait was -5.9778.

Table 4.1.14 also shows that the highest total genotypic effect was observed for
number of kernels/row (0.9364) and this was followed by number of kernels/cob
(0.3741), cob diameter (0.0667). But number of grains/cob exhibited smaller effect
of -5.9778.

The considerable amount of residual effect (0.8517) indicated that some other
characters which have been included in this study had also effect on grain yield in

this crop.

It may be concluded from the present study that number of rows/cob, days to
maturity and number of kernels/row are the major components of grain yield in
maize inbred lines and hence maximum stress should be given on these characters

while selection is done for maximum grain yield.
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Table 4.1.14. Path coefficient analysis showing direct and indirect effects of
yield components on grain yield/plant of maize at genotypic level

o rg with

g Grain yield (kernel weight/plant) vs. grain

g yield

S

DM PH EH CL CD NRC NKR  NGC

DM 0.0396  -0.0829 0.0584  0.0017 0.0643 0.0076 03812  0.0544 | 0.5817*
PH -0.0203  -0.0372 0.0340  0.0066 -0.0130  0.1575 0.1946 -0.5736 | 0.2076
EH 0.0214  0.0510 -0.0128 -0.0070  -0.1120 -0.0510 0.1918  0.1308 0.1383
CL -0.0038 -0.0614 0.0433  0.0156 0.1066 0.0750  -0.1624 -0.2229 | -0.0223
CD 0.0213  -0.0177 -0.1011  -0.0155  -0.0038  0.1029  0.1872 -5.9840 | 0.1533
NRC 0.0016  0.1323 -0.0286  -0.0068 0.0639 0.1814 -0.2790 0.2156 | 0.2471
NKR | -0.0254 0.1059 0.0696  0.0095 0.0753  -0.1808 0.0307  0.6723 | 0.5912%*
NGC | 0.0042 -0.1822 0.0277  0.0076 -0.1146  0.0815  0.3923  -0.2704 | 0.653**
Total
Effect 0.0386  -0.0922 0.0905 0.0117 0.0667 0.3741  0.9364 -5.9778

Residual effect = 0.8517, underlined values denote direct effect.

Path Coefficient at Phenotypic Level

The results of path coefficient analysis at phenotypic level are presented in

table 4.1.15. Number of kernels/cob had the highest positive direct effect

(2.7688) on grain yield followed by number of kernels/row (0.6409), plant
height (0.3518) and number of rows/cob (0.3213).

The highest direct negative effect towards grain yield was found for cob length

(-0.0362).

The path analysis revealed that the most of the characters had positive direct

effect on grain yield and cob length had negative direct effect on grain yield.

Days to maturity had positive direct effect of 0.0744 on grain weight/plant.

Days to maturity had indirect positive effect (0.222) via cob length followed by
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number of rows/cob and number of kernels/row. The indirect effect via plant

height, ear height, cob diameter and number of grains/cob was negative.

Plant height had direct positive effect on grain yield. Plant height exhibited the
highest indirect positive effect of 0.2851 through number of grains/cob. The
indirect effects of plant height on grain yield via days to maturity, ear height,
cob length, number of rows/cob and number of kernels/row were negative. The

total effect was 0.3042.

The character ear height showed positive direct effect (0.1603) on grain yield.
On the other hand, it had indirect positive effect through number of grains/cob.
The indirect effects of ear height through most of the characters were negative.

The total effect was 0.104.

Cob length indicated the negative direct effect (-0.0362) on grain yield. Cob
length showed highest indirect positive effect (0.0.0062) on grain yield via
number of grains/cob. The indirect effects through days to maturity, cob

diameter, number of rows/cob, number of kernels/row were negative.

Cob diameter showed the positive direct effect on grain yield. This character

showed the highest positive indirect effect (0.0091) through plant height.

However, cob diameter showed negative indirect effects (-0.0130, -0.0056, -
0.0085, -0.0004, and -0415) through days to maturity, ear height, cob length,
number of rows/cob, number of kernels/row but the value was least and

negligible.

Number of rows/cob had positive direct effect of 0.0.3213 on grain yield. The
indirect effects of this character on grain yield via plant height, ear height, cob

diameter and number of grains/cob were negative. The total effect was 0.013.
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Number of kernels/row showed positive direct effect (0.6409) on grain yield.
On the other hand, it had indirect positive effect through days to maturity, cob
length, and number of rows/cob. The indirect effects of number of kernels/row

through most of the characters were negative. The total effect was -0.1732.

The character ear height showed positive direct effect (0.1603) on grain yield.
On the other hand, it had indirect positive effect through number of grains/cob.
The indirect effects of ear height through most of the characters were negative.

The total effect was 0.104.

Number of grains/cob had highest positive direct effect of 2.7688 on grain
yield. The indirect effects of this character on grain yield via days to maturity,
cob length, number of rows/cob and number of kernels/row were negative. The

total effect was 2.2317 (the highest value).

The highest direct positive effect towards grain yield was found for number of
grains/cob (2.7688) followed by number of kernels/row (0.6409) and plant
height (0.3518). The lowest direct negative effect —0.0362 towards grain yield
was found for cob length. The residual effect at phenotypic level was 0.9451.

The path coefficient analysis at phenotypic level in the present study reveals
that number of grains/cob had highest total effect (2.2317) on grain yield,
which was followed by plant height, ear height and days to maturity with the
values of 0.3042, 0.104 and 0.0525, respectively.
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Table 4.1.15. Path coefficient analysis showing direct and indirect effects
of yield components on grain yield/plant of maize at

phenotypic level
z rp with
O
‘g Grain yield (grain weight/plant) vs. grain
<
5 yield
DM PH EH CL CD NRC NKR NGC
DM | 0.0744 -0.0520 -0.0110 -0.0110  -0.0130 0.0068 0.0231 -0.1768 | 0.0627
PH | -0.0210 03518 -0.0095 0.0067  0.0091 -0.1558  -0.3311 1.7255 | 0.1549
EH | -0.0049 -0.0105 0.1603  0.0073 -0.0053 -0.0059  -0.0538 0.2272 0.1407
CL | 0.0222 -0.0336  -0.0329 -0.0362  -0.0085 0.0145 0.0709  -0.1855 | -0.0311
CD | -0.0125 0.0215 -0.0113 -0.0085 0.0859  -0.0004 -0.2192 0.1386 0.0655
NRC | 0.0019 -0.1098  -0.0038 -0.0020  -0.0004 0.3213 0.1342  -1.0784 | 0.2197
NKR | 0.0042 -0.1483  -0.0219 -0.0064  -0.0415 0.0853 0.6409  -1.1877 | 0.3458
NGC | -0.0118 0.2851  0.0341  0.0062 0.0097  -0.2528  -0.4382  2.7688 0.9372
Total | 0.0525 0.3042  0.104 -0.0439  0.036 0.013 -0.1732 2.2317

Effect

Residual effect = 0.9451

Underlined values denote the direct effect.
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Figure 4.1.1. Path diagram of different grain yield contributing characters
on yield at phenotypic level
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Figure 4.1.2. Path diagram of different grain yield contributing characters
on yield at genotypic level
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4.1.4 SELECTION INDEX

Selection indices for grain yield were constructed to identify the character or
character association over straight selection, which may be useful during
selection breeding programme for higher yield. In constructing the selection
indices, all the nine quantitative characters viz, DM, PH, EH, CL, CD, NRC,
NKR, NKC and GYP were included of which GYP was dependent character.

The results obtained for different indices, containing GYP and its components
with expected gain in percentage over straight selection are shown in Table
4.1.16. This table showed that the maximum genetic (expected) gain of
192.534% was exhibited when cob height, number of rows/cob, number of
kernels/row and grain yield/plant were included in the discriminant function.
This value was followed by 158.199% GA which was obtained when cob
length, cob diameter, number of row/cob, number of kernels/row and number
of grains/cob were included in the discriminant function. In the present
investigation, discriminant function analyses have been done considering

individual character separately and are shown in Table 4.1.16.

Table 4.1.16 exhibited that individual character expect days to maturity, plant
height, cob height and cob diameter showed positive expected gain and among
them number of kernels/row exhibited highest genetic gain, followed by
number of grain/cob, number of rows/cob and number of kernels/row. Grain
yield/plant in combination with two or more characters gave the highest
positive expected gain but in the remaining cases it showed negative genetic
gain. Number of rows/cob in combination with number of kernels/row
(NRC+NKR) gave the highest positive gain of 186.457% followed by 175.429
%( NKR+GYP), 153913 %( DM+NKR), 122.758 % (DM+CL), 105.593 %
(NKR+NGC) and 83.458 (DM+NGC).

In the discriminant function analyses when selection index included three

characters, the maximum genetic gain was recorded as 168.975% for
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CL+NRC+NKR followed by 159.806% for CL+CD+NKR, 147.618% for
DM+CL+NKR.

In the same way, when four characters were included in the discriminant
function, GYP in combination with CD, NRC and NKR gave the highest GA%
of 162.534% and next were 142.482% and 139.817% and 137.338 by DM+
CL+CD+NKR+ NGC, DM+PH+CL+NRC+GYP and DM+CL+NRC+NKR,
respectively. Similarly, when five characters were included in the discriminant
function, GYP in combination with DM, PH, CL and NRC exhibited the
highest genetic gain of 139.817%, which was the highest value among all the
selection indices followed by 135.467%(CL+CD+NRC+NKR+GYP), 132.804%
(DM+PH+CL+ NKR+ GYP),131.706 % (DM+ PH+ CH+ CL+ GYP) and 125.705
% (DM+ CL+ NKR+ NGP+ GYP).

In case of discriminant function when six characters were included, GYP
combination with DM, CL, CD, NRC and NRK exhibited the highest genetic
gain of 129.328%, followed by 128.498% (EH+CL+CD+NRC+NKR+GYP) and
125.359% (DM+PH+CL+CD+NKR+GYP).

Table 4.1.16 showed the highest value of GA% of 125.0154% when seven
characters, such as DM+PH+CL+CD+NRC+NKR+GYP were in combination.

This combination was followed by PH+CL+CD+NRC+NKR+NGC+GYP,
DM+PH+EH+CL+NRC+NKR+GYP and DM+PH+EH+CD+NRC+NGC+GYP with
the values of 124.113%, 122.015% and 119.584%, respectively.

Similarly, when eight characters were included in the selection index, GYP in
combination with DM+PH+EH+CD+NRC+NKR+NGC showed the highest
genetic gain of 121.582% and the next were 119.459% and 119.263% for
(DM+PH+EH+CL+ANRC+NKR+NGC) and (DM+PH+EH+CL+CD+NRC+NKR).

When all the nine quantitative characters were considered the expected genetic
gain was found to be 158.723% and this was the second highest in the present

discriminant function analysis.



Results = 100

Table 4.1.16. Expected gain in percentage of grain yield over selection
from the use of various selection indices in maize inbred lines

Selection Expected Selection Expected Selection index | Expected gain
index gain index gain

X1 -129.809 X5+X6 3.4302 X1+X7+X8 107.6842
X2 -52.9325 X5+X7 -173.994 X1+X7+X9 52.7325
X3 -61.6707 X5+X8 74.989 X1+X8+X9 68.486
X4 31.29928 X5+X9 4.3224 X2+X3+X4 70.442
X5 -41.1064 X6+X7 186.457 X2+X3+X5 69.356
X6 51.52128 X6+X8 -75.516 X2+X3+X6 -69.478
X7 241.5108 X6+X9 8.0630 X2+X3+X7 81.4340
X8 76.337 X7+X8 105.593 X2+X3+X8 80.2636
X9 25.820 X7+X9 175.429 X2+X3+X9 60.0067
X1+X2 70.963 X8+X9 -60.790 X2+X4+X5 -58.044
X1+X3 -79.148 X1+X2+X3 76.8540 X2+X4+X6 -58.092
X1+X4 122.758 X1+X2+X4 72.3973 X2+X4+X7 -83.033
X1+X5 74.8090 X1+X2+X5 70.3667 X2+X4+X8 77.6917
X1+X6 -82.3619 X1+X2+X6 -70.742 X2+X4+X9 45.6736
X1+X7 153.9128 X1+X2+X7 -91.083 X2+X5+X6 56.6788
X1+X8 83.4584 X1+X2+X8 81.4317 X2+X5+X7 73.5281
X1+X9 -31.539 X1+X2+X9 57.0823 X2+X5+X8 76.837
X2+X3 69.1001 X1+X3+X4 -80.002 X2+X5+X9 46.290
X2+X4 -56.6846 X1+X3+X5 -76.0016 X2+X6+X7 -78.972
X2+X5 54.8994 X1+X3+X6 76.9749 X2+X6+X8 94.8053
X2+X6 54.859 X1+X3+X7 117.563 X2+X6+X9 45.6466
X2+X7 82.504 X1+X3+X8 -83.969 X2+XT7+X8 84.6101
X2+X8 -77.015 X1+X3+X9 -57.171 X2+X7+X9 -56.053
X2+X9 42.6151 X1+X4+X5 76.3463 X2+X8+X9 -69.128
X3+X4 64.8754 X1+X4+X6 82.2569 X3+X4+X5 -63.482
X3+X5 -60.545 X1+X4+X7 147.618 X3+X4+X6 -64.194
X3+X6 -61.246 X1+X4+X8 83.8938 X3+X4+X7 119.235
X3+X7 -121.665 X1+X4+X9 36.5366 X3+X4+X8 80.2595
X3+X8 79.6717 X1+X5+X6 68.1518 X3+X4+X9 44.7202
X3+X9 -41.325 X1+X5+X7 137.917 X3+X5+X6 61.0801
X4+X5 7.4460 X1+X5+X8 81.7069 X3+X5+X7 106.245
X4+X6 8.8190 X1+X5+X9 -37.5137 X3+X5+X8 -79.036
X4+X7 -204.633 X1+X6+X7 -141.782 X3+X5+X9 -45.323
X4+X8 -77.3202 X1+X6+X8 -82.2772 X3+X6+X7 112.098
X4+X9 9.8926 X1+X6+X9 -36.4947 X3+X6+X8 79.3153

X1=DM, X2=PH, X3=EH, X4= CL, X5= CD,X6= NRC, X7= NKR, X8=NKC and X9= GYP



Table 4.1.16. (Continued)

Results = 101

Selection index | Expected | Selection index Expected Selection index | Expected gain
gain gain
X3+X6+X9 -44.633 X1+X2+X5+X6 -70.451 X1+X5+X6+X7 | 128.593
X3+XT7+X8 89.049 X1+X2+X5+X7 85.6111 X1+X5+X6+X8 | -80.976
X3+X7+X9 56.429 X1+X2+X5+X8 81.0226 X1+X5+X6+X9 | -41.450
X3+X8+X9 69.531 X1+X2+X5+X9 | -58.889 X1+X5+X7+X8 | 4.91097
X4+X5+X6 20.389 X1+X2+X6+X7 | 86.9667 X1+X5+X7+X9 | -55.180
X4+X5+X7 159.805 | X1+X2+X6+X8 | 81.2140 X1+X5+X8+X9 | -69.225
X4+X5+X8 -75.995 X1+X2+X6+X9 -58.603 X1+X6+X7+X8 | 98.6625
X4+X5+X9 -6.4526 | X1+X2+X7+X8 87.7271 X1+X6+X7+X9 | -54.857
X4+X6+X7 168.975 | X1+X2+X7+X9 -66.010 X1+X6+X8+X9 | -69.146
X4+X6+X8 76.5041 | X1+X2+X8+X9 73.6565 X1+X7+X8+X9 | -74.563
X4+X6+X9 -3.583 X1+X3+X4+X5 -77.058 X2+X3+X4+X5 | -70.595
X4+XT+X8 104.233 | X1+X3+X4+X6 77.9722 X2+X3+X4+X6 | -70.729
X4+X7+X9 -31.310 | X1+X3+X4+X7 -116.167 X2+X3+X4+X7 | 81.991
X4+X8+X9 -62.261 X1+X3+X4+X8 84.3197 X2+X3+X4+X8 | -80.704
X5+X6+X7 147.216 | X1+X3+X4+X9 -59.004 X2+X3+X4+X9 | -61.415
X5+X6+X8 74.6180 | X1+X3+X5+X6 74.9819 X2+X3+X5+X6 | -69.797
X5+X6+X9 7.50199 | X1+X3+X5+X7 109.622 X2+X3+X5+X7 | 80.0006
X5+XT7+X8 90.2890 | X1+X3+X5+X8 -83.145 X2+X3+X5+X8 | -80.111
X5+X7+X9 324701 | X1+X3+X5+X9 -58.997 X2+X3+X5+X9 | -61.480
X5+X8+X9 -62.214 | X1+X3+X6+X7 112.212 X2+X3+X6+X7 | 80.4996
X6+X7+X8 92.3308 | X1+X3+X6+X8 | -83.446 X2+X3+X6+X8 | 80.2267
X6+X7+X9 -31.167 X1+X3+X6+X9 -58.722 X2+X3+X6+X9 | -61.246
X6+X8+X9 62.0051 | X1+X3+X7+X8 92.0462 X2+X3+X7+X8 | 85.290
X7+X8+X9 68.8779 | X1+X3+X7+X9 -66.960 X2+X3+X7+X9 | -67.322
X1+X2+X3+X4 | -77.600 | X1+X3+X8+X9 74.1928 X2+X3+X8+X9 | -74.223
XI+X2+X3+XS5 | 76.4847 | X1+X4+X5+X6 -70.610 X2+X4+X5+X6 | -59.426
X1+X2+X3+X6 | 76.7074 | X1+X4+X5+X7 133.944 X2+X4+X5+X7 | -78.596
X1+X2+X3+X7 | 86.2987 | X1+X4+X5+X8 | -82.220 X2+X4+X5+X8 | 77.4897
X1+X2+X3+X8 | 83.2653 | X1+X4+X5+X9 | -41.540 X2+X4+X5+X9 | -48.899
X1+X2+X3+X9 | -67.350 | X1+X4+X6+X7 137.338 X2+X4+X6+X7 | 79.8349
X1+X2+X4+XS5 | 71.7317 | X1+X4+X6+X8 -82.766 X2+X4+X6+X8 | -77.647
X1+X2+X4+X6 | 72.1065 | X1+X4+X6+X9 -40.697 X2+X4+X6+X9 | -48.341
X1+X2+X4+X7 | 90.8431 | X1+X4+XT7+X8 106.930 X2+X4+XT7+X8 | 84.9401
X1+X2+X4+X8 | 81.8660 | X1+X4+X7+X9 | -55.460 X2+X4+X7+X9 | -58.021
X1+X2+X4+X9 | -58.813 X1+X4+X8+X9 69.4410 X2+X4+X8+X9 | 69.9424




Table 4.1.16. (Continued)

Results = 102

Selection index Expected | Selection index Expected | Selection index Expected
gain gain gain
X2+X5+X6+X7 | 76.0454 X4+X5+X8+X9 -63.540 X1+X2+X5+X6+X7 | 80.889
X2+X5+X6+X8 | 76.889 X4+X6+X7+X8 92.0625 XI+X2+X5+X6+X8 | 139.76
X2+X5+X6+X9 | -48.844 X4+X6+XT7+X9 -36.629 X1+X2+X5+X6+X9 | 86.643
X2+X5+X7+X8 | 83.6136 X4+X6+X8+X9 -63.357 X1+X2+X5+X7+X8 | 133.068
X2+X5+X7+X9 | -58.017 X4+X7+X8+X9 -69.891 X1+X2+X5+X7+X9 | 125.919
X2+X5+X8+X9 | -69.840 X5+X6+X7+X8 87.428 X1+X2+X5+X8+X9 | 86.996
X2+X6+X7+X8 | 83.9615 X5+X6+X7+X9 192.534 X1+X2+X6+X7+X8 | 133.166
X2+X6+X7+X9 | -57.722 X5+X6+X8+X9 136.693 X1+X2+X6+X7+X9 | 125.958
X2+X6+X8+X9 | -69.747 X5+X7+X8+X9 130.451 X1+X2+X6+X8+X9 | 122.390
X2+XT7+X8+X9 | 73.9894 X6+X7+X8+X9 130.501 X1+X2+X7+X8+X9 | 76.0556
X3+X4+X5+X6 | -63.716 X1+X2+X3+X4+X5 77.2097 X1+X3+X4+X5+X6 | 108.462
X3+X4+X5+X7 | -103.379 | X1+X2+X3+X4+X6 77.431 X1+X3+X4+X5+X7 | 83.5154
X3+X4+X5+X8 | 79.6256 X1+X2+X3+X4+X7 86.561 X1+X3+X4+X5+X8 | 139.375
X3+X4+X5+X9 | -48.184 X1+X2+X3+X4+X8 83.578 X1+X3+X4+X5+X9 | 111.039
X3+X4+X6+X7 | 110.132 X1+X2+X3+X4+X9 131.706 X1+X3+X4+X6+X7 | 83.808
X3+X4+X6+X8 | -79.898 X1+X2+X3+X5+X6 76.459 X1+X3+X4+X6+X8 | 139.612
X3+X4+X6+X9 | -47.598 X1+X2+X3+X5+X7 84.678 X1+X3+X4+X6+X9 | 92.031
X3+X4+X7+X8 | 89.1700 X1+X2+X3+X5+X8 82.991 X1+X3+X4+X7+X8 | 131.833
X3+X4+X7+X9 | -58.512 X1+X2+X3+X5+X9 131.809 X1+X3+X4+X7+X9 | -125.209
X3+X4+X8+X9 | 70.3641 X1+X2+X3+X6+X7 85.190 X1+X3+X4+X8+X9 | 95.869
X3+X5+X6+X7 | 87.7470 X1+X2+X3+X6+X8 83.124 X1+X3+X5+X6+X7 | -82.781
X3+X5+X6+X8 | -78.837 X1+X2+X3+X6+X9 131.922 X1+X3+X5+X6+X8 | 139.632
X3+X5+X6+X9 | -48.083 X1+X2+X3+X7+X8 87.585 X1+X3+X5+X6+X9 | 89.903
X3+X5+X7+X8 | 87.0188 X1+X2+X3+X7+X9 127.098 X1+X3+X5+X7+X8 | 132.240
X3+X5+X7+X9 | -58.367 X1+X2+X3+X8+X9 122.652 X1+X3+X5+X7+X9 | 125.430
X3+X5+X8+X9 | -70.208 X1+X2+X4+X5+X6 71.736 X1+X3+X5+X8+X9 | -90.511
X3+X6+X7+X8 | 87.6214 X1+X2+X4+X5+X7 85.912 X1+X3+X6+X7+X8 | 132.299
X3+X6+X7+X9 | -58.098 X1+X2+X4+X5+X8 81.455 X1+X3+X6+X7+X9 | 125.453
X3+X6+X8+X9 | -70.129 X1+X2+X4+X5+X9 139.566 X1+X3+X6+X8+X9 | 121.611
X3+X7+X8+X9 | 74.713 X1+X2+X4+X6+X7 87.163 X1+X3+X7+X8+X9 | 125.705
X4+X5+X6+X7 | 139.289 X1+X2+X4+X6+X8 81.643 X1+X4+X5+X6+X7 | -81.509
X4+X5+X6+X8 | -75.597 X1+X2+X4+X6+X9 139.817 X1+X4+X5+X6+X8 | 155.091
X4+X5+X6+X9 | -15.860 X1+X2+X4+X7+X8 87.915 X1+X4+X5+X6+X9 | -94.524
X4+X5+X7+X8 | 90.241 X1+X2+X4+X7+X9 132.804 X1+X4+X5+XT7+X8 | 142.481
X4+X5+X7+X9 | -37.660 X1+X2+X4+X8+X9 125.750 X1+X4+X5+X7+X9 | -129.891




Table 4.1.16. (Continued)

Results = 103

Selection index Ex.pected Selection index Ex'pected Selection index Ex'pected
gain gain gain
X1+X4+X5+X8+X9 | -97.224 X2+X4+X5+X8+X9 -84.3102 | X1+X2+X3+X4+X6+X8 | 131.037
X1+X4+X6+X7+X8 | 142.736 | X2+X4+X6+XT7+X8 -140.498 | X1+X2+X3+X4+X6+X9 | -87.764
X1+X4+X6+X7+X9 | 129.958 | X2+X4+X6+XT7+X9 -129.484 | X1+X2+X3+X4+X7+X8 | 126.399
X1+X4+X6+X8+X9 | 124.759 | X2+X4+X6+X8+X9 -125.393 | X1+X2+X3+X4+X7+X9 | 122.238
X1+X4+XT7+X8+X9 | 91.493 X2+X4+XT7+X8+X9 -83.163 X1+X2+X3+X4+X8+X9 | -83.937
X1+X5+X6+X7+X8 | 142.996 | X2+X5+X6+XT7+X8 140.516 | X1+X2+X3+X5+X6+X7 | -82.897
X1+X5+X6+X7+X9 | 130.159 | X2+X5+X6+X7+X9 -129.58 X1+X2+X3+X5+X6+X8 | 131.135
X1+X5+X6+X8+X9 | 125.175 | X2+X5+X6+X8+X9 -125.628 | X1+X2+X3+X5+X6+X9 | -86.961
XI+X5+XT7+X8+X9 | 125.150 | X2+X5+X7+X8+X9 125.650 | X1+X2+X3+X5+X7+X8 | 126.668
X1+X6+X7+X8+X9 | -70.953 X2+X6+X7+X8+X9 -87.727 X1+X2+X3+X5+X7+X9 | 122.403
X2+X3+X4+X5+X6 | 80.609 X3+X4+X5+X6+X7 -79.414 X1+X2+X3+X5+X8+X9 | -87.180
X2+X3+X4+X5+X7 | 80.541 X3+X4+X5+X6+X8 149.386 | X1+X2+X3+X6+X7+X8 | 126.692
X2+X3+X4+X5+X8 | 137.244 | X3+X4+X5+X6+X9 -87.242 X1+X2+X3+X6+X7+X9 | 122.415
X2+X3+X4+X5+X9 | -81.088 X3+X4+X5+XT7+X8 -139.803 | X1+X2+X3+X6+X8+X9 | 119.683
X2+X3+X4+X6+X7 | -80.657 X3+X4+X5+X7+X9 129.015 | X1+X2+X3+X7+X8+X9 | -84.064
X2+X3+X4+X6+X8 | 137.454 | X3+X4+X5+X8+X9 -87.817 X1+X2+X4+X5+X6+X7 | -81.314
X2+X3+X4+X6+X9 | 85.554 X3+X4+X6+XT7+X8 140.026 | X1+X2+X4+X5+X6+X8 | 138.343
X2+X3+X4+X7+X8 | 131.664 | X3+X4+X6+XT7+X9 -129.085 | X1+X2+X4+X5+X6+X9 | -86.868
X2+X3+X4+X7+X9 | 125.238 | X3+X4+X6+X8+X9 -124.669 | X1+X2+X4+X5+X7+X8 | 131.982
X2+X3+X4+X8+X9 | -79.440 X3+X4+XT7+X8+X9 -86.074 | X1+X2+X4+X5+X7+X9 | 125.358
X2+X3+X5+X6+X7 | -80.116 X3+X5+X6+X7+X8 140.168 | X1+X2+X4+X5+X8+X9 | -87.210
X2+X3+X5+X6+X8 | 137.403 | X3+X5+X6+X7+X9 -124.977 | X1+X2+X4+X6+X7+X8 | 132.064
X2+X3+X5+X6+X9 | -84.725 X3+X5+X7+X8+X9 -124.976 | X1+X2+X4+X6+X7+X9 | 125.391
X2+X3+X5+X7+X8 | 131.844 | X3+X6+XT7+X8+X9 -87.618 X1+X2+X4+X6+X8+X9 | 121.933
X2+X3+X5+X7+X9 | 125370 | X4+X5+X6+XT7+X8 -158.199 | X1+X2+X4+X7+X8+X9 | -86.108
X2+X3+X5+X8+X9 | -84.938 X4+X5+X6+X7+X9 135.467 | X1+X2+X5+X6+X7+X8 | 132.306
X2+X3+X6+X7+X8 | -131.944 | X4+X5+X6+X8+X9 -129.515 | X1+X2+X5+X6+X7+X9 | 125.551
X2+X3+X6+X7+X9 | 125412 | X4+X5+X7+X8+X9 -129.552 | X1+X2+X5+X6+X8+X9 | 122.204
X2+X3+X6+X8+X9 | -122.275 | X4+X6+XT7+X8+X9 129.865 | X1+X2+X5+X7+X8+X9 | 122.190
X2+X3+XT7+X8+X9 | -77.084 X5+X6+X7+X8+X9 -77.158 X1+X2+X6+X7+X8+X9 | -94.904
X2+X4+X5+X6+X7 | -77.517 X1+X2+X3+X4+X5+X6 | -85.012 X1+X3+X4+X5+X6+X7 | -83.155
X2+X4+X5+X6+X8 | 148.824 | X1+X2+X3+X4+X5+X7 | -83.302 X1+X3+X4+X5+X6+X8 | 138.144
X2+X4+X5+X6+X9 | -83.973 XI+X2+X3+X4+X5+X8 | 130.937 | X1+X3+X4+X5+X6+X9 | -90.002
X2+X4+X5+X7+X8 | 140.244 | X1+X2+X3+X4+X5+X9 | -85.503 X1+X3+X4+X5+X7+X8 | 131.136
X2+X4+X5+XT7+X9 | -129.400 | X1+X2+X3+X4+X6+X7 | -83.434 X1+X3+X4+X5+X7+X9 | 124.865




Table 4.1.16. (Continued)

Results = 104

Selection index Expected | Selection index Expected | Selection index Expected
gain gain gain

X1+X3+X4+X5+X8+X9 | -90.582 X2+X4+X6+XT+X8+X9 125.281 X1+X3+X5+X6+X7+X8+X9 -75.723

X1+X3+X4+X6+X7+X8 | 131.178 X2+X5+X6+XT7+X8+X9 -86.336 X1+X4+X5+X6+X7+X8+X9 -84.739

X1+X3+X4+X6+X7+X9 | 124.882 X3+X4+X5+X6+X7+X8 138.507 X2+X3+X4+X5+X6+X7+X8 130.285

X1+X3+X4+X6+X8+X9 | 121.161 X3+X4+X5+X6+X7+X9 128.498 X2+X3+X4+X5+X6+X7+X9 -121.657

X1+X3+X4+X7+X8+X9 | -88.889 X3+X4+X5+X6+X8+X9 -124.393 | X2+X3+X4+X5+X7+X8+X9 -121.653

X1+X3+X5+X6+X7+X8 | 131.546 X3+X4+X5+XT+X8+X9 -124.387 | X2+X3+X4+X6+X7+X8+X9 -121.854

X1+X3+X5+X6+X7+X9 | 125.090 X3+X4+X6+XT+X8+X9 -124.672 | X2+X3+X5+X6+X7+X8+X9 -75.2753

X1+X3+X5+X6+X8+X9 | 121.498 X3+X5+X6+XT7+X8+X9 128.986 X2+X4+X5+X6+X7+X8+X9 124.113

X1+X3+X5+X7+X8+X9 | 121.463 X4+X5+X6+XT+X8+X9 -84.295 X3+X4+X5+X6+XT7+X8+X9 -86.844

X1+X3+X6+X7+X8+X9 | -91.459 X1+X2+X3+X4+X5+X6+X7 -83.204 X1+X2+X3+X4+X5+X6+X7+X8 125.653

X1+X4+X5+X6+X7+X8 | 140.908 X1+X2+X3+X4+X5+X6+X8 130.314 X1+X2+X3+X4+X5+X6+X7+X9 119.263

X1+X4+X5+X6+X7+X9 | 129.328 X1+X2+X3+X4+X5+X6+X9 -87.154 X1+X2+X3+X4+X5+X7+X8+X9 119.240

X1+X4+X5+X6+X8+X9 | 124.535 X1+X2+X3+X4+X5+X7+X8 126.012 X1+X2+X3+X4+X6+X7+X8+X9 119.459

X1+X4+X5+X7+X8+X9 | 124.505 X1+X2+X3+X4+X5+X7+X9 -122.007 | X1+X2+X3+X5+X6+X7+X8+X9 121.581

X1+X4+X6+XT+X8+X9 | 124.887 X1+X2+X3+X4+X5+X8+X9 -87.368 X1+X2+X4+X5+X6+X7+X8+X9 -120.925

X1+X5+X6+X7+X8+X9 | -80.054 X1+X2+X3+X4+X6+X7+X8 126.029 X1+X3+X4+X5+X6+X7+X8+X9 -121.461

X2+X3+X4+X5+X6+X7 | -80.535 X1+X2+X3+X4+X6+X7+X9 122.015 X2+X3+X4+X5+X6+X7+X8+X9 -119.148

X2+X3+X4+X5+X6+X8 | 136.221 X1+X2+X3+X4+X6+X8+X9 -119.352 | X1+X2+X3+X4+X5+X6+X7+X8+X9 158.723

X2+X3+X4+X5+X6+X9 | -84.999 X1+X2+X3+X4+X7+X8+X9 -86.646

X2+X3+X4+X5+X7+X8 | 130.909 X1+X2+X3+X5+X6+X7+X8 126.277

X2+X3+X4+X5+X7+X9 | 124.861 X1+X2+X3+X5+X6+X7+X9 -122.172

X2+X3+X4+X5+X8+X9 | -85.208 X1+X2+X3+X5+X6+X8+X9 119.583

X2+X3+X4+X6+X7+X8 | 130.994 X1+X2+X3+X5+X7+X8+X9 119.562

X2+X3+X4+X6+X7+X9 | 124.897 X1+X2+X3+X6+X7+X8+X9 -86.348

X2+X3+X4+X6+X8+X9 | 121.850 X1+X2+X4+X5+X6+X7+X8 -68.705

X2+X3+X4+XT7+X8+X9 | -84.463 X1+X2+X4+X5+X6+X7+X9 125.015

X2+X3+X5+X6+X7+X8 | 131.163 X1+X2+X4+X5+X6+X8+X9 -121.767

X2+X3+X5+X6+X7+X9 | 125.023 X1+X2+X4+X5+X7+X8+X9 -121.750

X2+X3+X5+X6+X8+X9 | 122.064 X1+X2+X4+X6+X7+X8+X9 -122.003

X2+X3+X5+X7+X8+X9 | 122.063 X1+X2+X5+X6+X7+X8+X9 -93.413

X2+X3+X6+X7+X8+X9 | -83.530 X1+X3+X4+X5+X6+X7+X8 130.517

X2+X4+X5+X6+X7+X8 | 138.933 X1+X3+X4+X5+X6+X7+X9 -75.450

X2+X4+X5+X6+X7+X9 | -128.866 | X1+X3+X4+X5+X6+X8+X9 -78.932

X2+X4+X5+X6+X8+X9 | -125.04 X1+X3+X4+X5+X7+X8+X9 -78.971

X2+ X4+X5+XT+X8+X9 | -125.067 | X1+X3+X4+X6+XT7+X8+X9 -78.657
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4.1.5 GENETIC DIVERGENCE ANALYSIS

In order to find out the extent of genetic diversity among the 25 inbred lines
cluster, variate and vector analyses were performed for different characters.

The results of these analyses are described below.
Cluster Analysis

By application of non-hierarchical clustering using co-variance matrix, 25 lines
were grouped into five different clusters. Compositions of different clusters
with their corresponding inbred lines in each cluster are presented in Table
4.1.17. It 1s revealed from Table 4.1.17 that clusters I, II and IV had the

maximum number of lines and cluster III had the minimum number.

Cluster III had three inbred lines viz., IL-2, IL-4 and IL-22. Cluster V consisted
of four inbred lines viz., IL-11, IL-17, IL-21 and IL-22. Cluster I had six inbred
lines which were IL-1, IL-3, IL-5, IL-7, IL-8 and IL-12. Cluster II also
comprised six inbred lines, which were IL-6, IL-9, IL-17, IL-18, IL-21 and IL-
25. Six inbred lines viz., 1L-10, IL-13, IL-14, IL-15, IL-16 and IL-20 were

found in cluster I'V.
Canonical Variate Analysis

Canonical variate analysis was done to calculate in intra-cluster Mahalanobis’s
values. The intra and inter-cluster distance (D?) values are presented in Table
4.1.18. Inbred lines grouped in the intra-cluster are expected to be genetically
more similar to each other while inbred lines grouped in inter clusters as
genetically more divergent. Intra-group distances appeared much smaller than
inter-group, suggesting a lower genetic diversity among the lines of the same
group than those from different groups. The intra-cluster divergence among the
inbred lines under different clusters varied from 0.252 to 1.642. The highest
intra-cluster distance was observed among the lines in cluster III; whereas, it
was minimum in cluster V. The intra-cluster distance of clusters I, II and 1V
was 0.492, 0.683 and 0.871, respectively. Inter-cluster distances ranged from
3.766 to 19.279.
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The maximum inter-cluster distance was observed between clusters I and II
(19.279) indicating that the inbred lines grouped in these clusters were highly
divergent from each other. On the other hand, the distance between clusters |
and V was 18.844 and between II and III, I and IV and III and V were
approximately same values. The lowest inter-cluster distance was observed

between the clusters II and IV (3.766).
Cluster Means

The genetic differences between clusters were reflected in their cluster means.
Mean values for different clusters are presented in Table 4.1.19. The highest
mean values for days to tasseling and silking, days to maturity, ear length and
grain yield/plant were observed in the cluster V. On the other hand, in cluster V
the highest values were recorded for days to maturity, grain yield/plant and
days to tasseling. Number of kernels/ear, plant height, days to maturity, grain
yield/plant and days to silking showed the highest cluster means in clusters IV,
V,II, and I (Table 4.1.19).

Contribution of Characters towards Divergence of the inbred lines

Contribution of characters towards divergence is presented in Table 4.1.20.
Results showed that, Vector I obtained from principal component analysis
expressed that the important characters responsible for genetic divergence in
the major axis of differentiation were days to silking, ear height, cob diameter
and number of kernels/ear. In vector II, which 1s the second axis of
differentiation, the responsible characters were ear diameter and number of
kernel rows/ear, played their major role on genetic divergence. Days to
tasseling, plant height, cob length, cob diameter, number of kernels/ear and
kernel yield showed positive values in respect to both the vectors were the
major important traits responsible for genetic divergence in the major axis of
differentiation. So, the greater divergence in the present materials due to these
six characters will offer a good scope for improvement of yield through

selection of parents.
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Table 4.1.17. Distribution of 25 maize inbred lines in five different clusters

Group/Cluster No. of inbred lines  Inbred lines in different clusters
no.

I 6 IL1, IL3, ILS, IL7, IL8, IL12

II 6 IL6, ILY9, IL17, IL18, 1L21, IL25

I 3 IL2, IL4, IL22

v 6 IL10,IL13, IL14, IL15, IL16, IL20

\Y 4 IL11, 1017, 1021, 1122

Total=25

Table 4.1.18. Inter and intra-cluster (bold) distance (D?) for 25 maize
inbred lines obtained by canonical variate analysis

Clusters I II I v A%
I 0.492
II 19.279 0.683
111 8.097 11.205 1.642
v 11.627 7.741 3.766 0.871
\% 18.844 3.986 11.232 7.468 0.252

v <
0.252

Figure 4.1.3. Diagram showing intra and inter-cluster distance of 30 maize

inbred lines
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Table 4.1.19. Cluster means for 11 characters of 25 maize inbred lines

Clusters
Characters
I II 111 v \Y

Days to tasseling 64.75 65.55 64.67 65.41 65.88
Days to silking 66.73 65.80 64.89 66.21 66.18
Days to maturity 102.40 105.55 101.89 102.31  103.51
Plant height 114.40 119.15 105.85 109.55  102.25
Ear height 45.39 4991 43.84 47.96 49.75
Cob length 12.08 13.50 10.93 13.70 11.76
Cob diameter 11.20 10.85 12.10 11.50 11.25
No. of kernel rows/cob 13.75 12.85 12.15 11.90 12.25
No. of kernels/row 23.55 21.85 23.31 20.50 19.90
No. of kernels/cob 261.56 193.25 230.00 27570  198.65
Grain yield/plant(GYP) | 73.23 70.08 71.51 75.14 80.62

Table 4.1.20. Relative contributions of 11 characters to the total
divergence in maize

Characters Vector | Vector 11
Days to tasseling 0.1511 0.1426
Days to silking 0.4569 -0.8246
Days to maturity -0.3794 -0.2930
Plant height 0.0888 0.0997
Ear height 0.4263 -0.0549
Cob length 0.4260 0.6849
Cob diameter 0.8342 2.6272
No. of kernel rows/cob -0.0093 0.5307
No. of kernels/row -0.9731 -1.1659
No. of kernels/cob 0.2166 0.0030
Grain yield/plant(GYP) 0.1445 0.1480
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EXPERIMENT II (6x6 DIALLEL CROSS)

4.2.1 DIALLEL ANALYSIS

Mean Performance of F1 Hybrids Involving 25 Inbred Lines

Statistically significant variation was observed among all the crosses. From
Table 4.2.1, it is observed that a number F, yielded higher than selfing. The
maximum yield was obtained from the F;s P1xPs, PsxPs and P3xPs followed by
P4xPs. The minimum yield was recorded from P»xPs followed by P>xPs.
Among the Fis, P1xP; followed by P1xP3 and P1xPs showed identical and took
maximum days to tasseling. The shorter time to tasseling was found for P3xP4
followed by P>xPs and P»>xP;. Regarding days to silking a wide range of
variation (92.50-100.25) was observed for the trait. The F;s P1xP2, P1xPs and

P1xP3 took identical and took the maximum time. The early maturing F; was

P3xPs, which was statistically identical with P>xPs and P3;xP4 followed by
P>xP4. A range from 121.62-160.10cm was observed for plant height. Among
the Fis produced significantly highest plant height followed by P2xP3, P4xPs
and P3xP4. The shortest plant height was recorded from P3xPs. In case of ear
height a range of 54.92-75.76 cm was found among the Fis. P>xP; produced
significantly highest ear height followed by P>xP4. The lowest ear height was
found for P1xPs. The highest cob length was recorded in P>»xPs followed by
P2xPs, P1xP4 and P1xP3. P1xPg produced the shortest cob length. The maximum
cob diameter was found in P4xPs, P1xP3, P»xP3 and P;xPs and minimum was
produced by P3xPs. Regarding number of rows/cob, hybrids P;xP,, P1xP3; and
P>xP; produced maximum number which was significant. P>xPs gave the
minimum number. Pi1xP; produced significantly the highest number of
kernels/row and minimum number was in P>xPs4. The highest number of
grains/cob was obtained from P>xP; followed by P1xP2, P1xP3; and PsxPs. Now
based on yield and desired quantitative characters Fi hybrids PixPs, PsxPe,

P4xPs, P3xPs and P4xPg are considered as better performer.
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Testing the Validity of the Hypothesis

The validity of the postulated hypothesis for diallel was tested by t* and the
obtained values were 0.076, 0.52, 0.0028, 0.002, 0.224 and 0.0212,
respectively for characters days to taselling, days to silking, plant height,
number of rows/cob, ear height and cob length. The values suggested the

probable fulfilment of the postulated hypothesis.
Genetic Components of Variation and Their Proportions

Estimates of genetic components of variation and their proportion are presented
in Tables 4.2.2-4.2.12. The sign of component F indicates the relative
frequencies of dominance and recessive alleles in the parents. In the present
study value of F for all the characters except cob diameter were positive and
greater than zero, which expressed that dominant alleles were more frequent
than recessive alleles. The estimate of additive genetic variance (D) was
significant for days to silking, days to maturity, ear height and number of
kernel rows/ear indicating the importance of additive gene effect in their
inheritance. The component H; which measures the dominance variation was
highly significant for all the characters which indicate the dominance gene
effect in the inheritance of these characters. The component H> was highly
significant for all the characters indicating the dominance with asymmetry of
positive and negative gene effect in controlling these characters. Thus highly
significant values of the components D, H; and H» indicated the importance of
both additive and dominant gene effect for the characters under study. The
magnitude of H; was greater than D indicating the predominance of dominance
effect over additive effect for expression of the characters. The value of h?
which measures the dominant effect over all loci was non-significant for all the
characters. The magnitude of E (environmental variance) for each character

was much lower than the respective value of D and H:.
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This indicated that the environment had lesser effect on the characters than the
additive and dominant effects. The average degree of dominance (Hi/D)%. was
more than unity for all the characters suggesting the importance of over
dominance for these traits.

The proportion (ratio) of Ho/4H provides an estimate of the average frequency
of positive and negative alleles in the parents. The values of this ratio were
smaller than 0.25 for all the characters which indicated that positive and
negative alleles were not distributed in equal proportion in the parents.
However, the values of this ratio were near 0.25 for cob diameter which
indicated that positive and negative alleles were distributed nearly in equal
proportion for the trait. The ratio of [4DHi)%: +F]/[4DH1)" -F] estimates the
relative proportion of dominant and recessive alleles in the parents. In the
present investigation the values of this ratio were greater than unity in all the
characters except cob diameter, suggesting excess of dominant alleles and
minority of recessive alleles i.e., asymmetrical distribution of dominant and
recessive alleles in the parents for the characters. Another ratio h?/H» provides
an estimate the number of groups of genes that control a character and exhibit
degree of dominance to some extent. If the dominance effect of the genes
differs in size or sign, the ratio would be underestimated. Also it does not
provide any information about genes exhibiting little or no dominance. The
values of the ratio were greater than one indicating many groups of genes were

responsible for their genetical control.

Graphical Analysis (Wr-Vr graph)

Wr-Vr graphs, the two directional depictions were made based on the parent-
offspring co-variance (Wr) and parental variance (Vr) is presented in Figures
4.2.1 to 4.2.11. By plotting the paired of values of Vr and Wr the position of
arrays was obtained in the Wr/Vr graphs. The position of the dominant
homozygote on the regression line will be near to the origin as compared to that

of the recessive homozygote.
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Thus, the positions of the parents on the line will indicate the direction of
dominance. In the absence of dominance, both the parental points will cluster

together and will thus make a single point.

The analysis of variance due to diallel progenies indicated significant
differences among themselves (Table 4.2.13), which warrants for further
analysis. Hayman’s graphic approach to diallel analysis is based on monogenic

additive model.

Hence testing the adequacy of the model is important to detect the presence or
absence of epistasis. Different assumptions underlying the diallel cross analysis
were tested by t? (test of homogeneity of Wr-Vr variances). The t* values for all
the characters studied were insignificant indicated the validity of the hypothesis
i.e., the basic assumption (including the absence of epistasis) made for the

simple additive-dominance model was satisfied for all the traits studied.

Days to tasseling: The observed regression line intercepted the Wr axis above
the point of origin showing partial dominance gene action in the expression of
the character. The scattered distribution of array points indicated the diversity
existed among the parents. It is clear from the graph that the array points
representing their respective parental number are clustered into three major

groups along the regression line.

Days to silking: The observed regression line passed through the Wr axis
above the point of origin showing over dominance. Wide distribution of array
points in the Vr-Wr graph showed genetic diversity among the parents. It is
clear from the graph that the array points representing their respective parental

number are clustered into two major groups along the regression line.

Days to maturity: The observed regression line intercepted the Wr axis above
the point of origin showing partial dominance gene action in the expression of
the character. The striking discontinuity between array points indicated that

there was a wide genetic diversity between and within the parental groups.
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The parent P> had maximum concentration of dominant genes due to their
proximity to the points of origin whereas P; far away from the origin carried
maximum number of recessive genes.

Plant height: Wr -Vr graph for plant height is presented in Figure 4.2.4. The
graph showed that the regression line passed just through the point of origin
which indicated the presence of an average complete dominance over all arrays
Ear height: Regression line intercepted Y axis above the point of origin
indicating partial dominance. The striking discontinuity among the array points
representing their respective parental number indicated that there was a wide
genetic diversity between and within the parents. Parent Ps had maximum
concentration of dominant genes due to its proximity to the points of origin
whereas the parent P3 being away from the origin carried maximum number of
recessive genes. The other parents scattered along the regression line of the
graph contained equal frequencies of dominant and recessive alleles.

Cob length: The observed regression line intercepted the Wr axis above the
point of origin showing partial dominance gene action in the expression of the
character. The striking discontinuity between the array points indicated that

there was a wide genetic diversity between and within the parental groups.

Cob diameter: For cob diameter, the observed regression line passed through
the Wr axis above the point of origin showing partial dominance. Wide
distribution of array points in the Wr- Vr graph showed genetic diversity
among the parents. It is clear from the graph that the array points representing
their respective parental number are clustered into three major groups along the
regression line. In the first group parent P, and four parents had maximum

concentration of dominant genes due to their proximity to the points of origin.

Number of rows/cob: For number of rows per cob, the observed regression
line passed through the Wr axis above the point of origin showing partial
dominance. Wide distribution of array points in the Wr-Vr graph showed

genetic diversity among the parents. Parent Ps had maximum concentration of
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dominant genes due to its position nearest to the point of origin and parent P3
fall furthest away from the origin carried maximum number of recessive genes
containing the character. All other parents lying scattered along the regression
line of the graph contained equal frequencies of dominant and recessive alleles.
Number of kernels/ row: Partial dominance effect of the parents was observed
due to the interception of regression line above the point of origin of Wr axis.
The scattered distribution of array points representing their respective parental
number indicated the wide diversity among the parents.

All the parents except P4 and Ps formed one group where the parent P3 had
maximum concentration of dominant genes due to its proximity to the point of
origin. The other parents occupied at the middle of the graph contained both
dominant and recessive alleles.

Number of grains/cob: The graph showed that the regression line passed
above the point of origin which indicated the presence of over dominance over
all arrays. In the graph, the parent Ps was nearest to the origin contained the
maximum concentration of dominant genes and the parent P3 being away from
the origin carried maximum number of recessive genes. Other parents remained
scattered along the regression line of the graph contained equal frequencies of

dominant and recessive alleles.

Grain yield: The observed regression line intercepted the Wr axis above the
point of origin showing partial dominance gene action in the expression of the
character. The scattered distribution of array points indicated the diversity
existed among the parents. It is clear from the graph that the array points
representing their respective parental number are clustered into three major
groups along the regression line. The parents P>, P; and P4 nearer to the origin
formed one group whereas the parent Ps had maximum concentration of
dominant genes due to their proximity to the points of origin. The parents P
and Ps which were away from the origin formed second group where P> being

away from the origin carried maximum number of recessive genes.



Results = 115

The other parents formed the third group occupied at the middle of the graph

contained equal frequencies of dominant and recessive alleles.

Table 4.2.1. Mean performances of 21 F; hybrids in 6x6 diallel crosses in

maize
Crosses | DT DS DM PH EH CL CD NRC NKR NGC GYP
P1xP1 99.250  100.250 132.400 135.500 65200  12.500 13.500 13.500 26.500 357.750 83.134
P1xP2 97.600 100.200 147.000 136.800 55.930 13.300 14.600 14.700 28900 423.530 108.617
P1xP3 97.444  98.889 149.472  135.167 59.011 13.849 15.072 14389 31.000 446.056 96.962
P1xP4 95.556  98.611 142.111 129.408 61.994  13.982 14342 13.778 28.167 388.074 103.853
P1xP5 96.956  99.944 142.472  129.797 54.938 13.574 14.588 13.722 27361  375.455 128.245
P1xP6 94.750 97.611 151.278 127.154 59.468 12.683 14.567 12722 24583 312.755 101.034
P2xP2 90.500 92.500  153.200 140.500 65.100  12.500 15200 13.500 26.700 360.450 103.681
P2xP3 93.611 97.972 156.722  142.138 75.758 13.538 14.633 13.611 27.583 375.440 99.595
P2xP4 94.944  97.528 150.417 127.522 72.014 13.276  13.356 13.222 24.139 319.170 95.011
P2xP5 94222 96.944  150.833 138.586 63.653  13.997 14.447 12472 28.556 356.151 89.551
P2xP6 93.472 95917 148528 132.322 61972  14.553 14.142 13.000 27.889  362.556 100.109
P3xP3 90.500 93.800 152.500 130.500 59.400 15200 13.900 14.200 30.100 427.420 121.970
P3xP4 93.139 94944 152528 138.253 71.900  13.847 13.742 13.028 29.611 385.767 104.007
P3xP5 95.444 97.778 143806 121.619 71900  13.296 13.568 12.889 28.833 371.630 120.664
P3xP6 95.139 97.889 146.722 135.206 69.213 13.585 13.253 12778 29.722  379.784 104.089
P4xP4 92.600 99.500  143.500 136.800 71.900  13.500 15.600 12.500 26.780 334.750 117.826
P4xP5 94.444 96.694 144750 137.161 60.102  13.033 16.113 13.250 24.556 325.361 126.973
P4xP6 93.972  95.667 148.889 138.394 71.089 13.186 14.512 12.639 29.889 377.762 116.321
P5xP5 95200 95.700  150.500 145.400 102.500 13.200 12.800 13.000 32.400 421.200 122914
P5xP6 94528 96.694  148.111 160.100 81.883  13.186 13.392 13.222 31.194 412.460 127.150
P6xP6 94.100 95.050 150.700 142.900 85.100 14.000 14.500 13.400 25900 347.060 115.469
CV% 2214  2.156 3.528 5.866 16.354  4.762 5.769 4.555 8.0548  9.7949 12.001
LSD 5% 3.052 2971 3.723 9.833 18.778  3.148 2425 1.153 1.364 95.841  27.132
SE of mean | 0.233  0.226 0.284 0.751 1.434 0.241  0.185  0.088 0.529 7.321 2.073
Level of

significance.
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Table 4.2.2. Components of variation and their proportions for days to

tasseling
Components of Variation | Proportional Values
Notation Estimated Values Proportion Estimated
Values
3.8697x1.824 VH1/D 1.548
F 6.519+4.457 H2/4H1 0.149
H1 9.274+4.6318 [(4DH,)": + F)/ [(4DH))% - F] 3.386
H2 5.5496+4.1377 h2/H2 -0.2349
h2 -1.3037+2.784 VIL1/WoLol 4.236
E 2.9607+0.689 h?NS 0.11008

Table 4.2.3. Components of variation and their proportions for days to

silking
Components of Variation Proportional Values
Notation Estimated
Estimated Values Proportion simate
Values

3.121£2.290 VH1/D 2.068
F 6.445+5.595 H2/4H1 0.184
H1 13.356+5.814 [(4DH))'%: + F]/ [(4DH))Y: - F] 2.993
H2 9.850+5.193 h2/H2 0.1077
h2 1.0614+3.495 VIL1/WoLol 9.824
E 2.850+0.865 h2NS 0.0166

Table 4.2.4. Components of variation and their proportions for days to

maturity
Components of Variation Proportional Values
Notation Estimated Values Proportion Estimated
Values

D 1.0168+0.814 VH1/D 4.559
F 0.396+1.990 H2/4H1 0.166
H1 3.509+2.068 [(4DH,)%: + F]/ [(4DH))% - F] 1.694
H2 2.3414+1.847 h2/H2 -0.235
h2 -0.551+1.243 V1L1/WoLol -73.065
E 0.993+0.308 h?NS 0.160
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Table 4.2.5. Components of variation and their proportions for plant

height
Components of Variation Proportional Values
Notation Estimated Values Proportion Estimated

Values

67.2918+10.879 (H1/D)1/2 0.848
F 68.4061+£25.577 H2/4H1 0.1805

H1 48.4904+27.618 [(4DH))"2 + F)/ [(4DH))": - F] | 3.984
H2 35.0134424.671 h2/H2 4.0846
h2 143.017+16.605 VIL1/WoLol 1.1516
E 18.4208+4.112 h®NS 0.1853

Table 4.2.6. Components of variation and their proportions for ear height

Components of Variation

Proportional Values

Notation Estimated Values Proportion Estimated
Values
D 7.3689+8.463 (H1/D)1/2 2.606
F 12.991+20.677 H2/4H1 0.2095
H1 50.049+21.486 [(4DH:)"2 + F)/ [(4DH))% - F] 2.0222
H2 41.945+19.194 h2/H2 0.3466
h2 14.539+12.918 VIL1/WoLol 11.239
E 4.8068+3.199 h®NS 0.0750

Table 4.2.7. Components of variation and their proportions for cob length

Components of Variation

Proportional Values

Notation Estimated Values Proportion Estimated
Values
0.6944+0.4515 VH1/D 1.6187
F 1.4062+1.1031 H2/4H1 0.1463
H1 1.8197+1.146 [(4DH))% + F]/ [(4DH))% - F] 4.3398
H2 1.0651+1.023 h2/H2 0.1803
h2 0.1920+0.689 V1L1/WoLol 5.8734
E 0.7643+0.1706 h2NS 0.0203
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Table 4.2.8. Components of variation and their proportions for cob

diameter
Components of Variation | Proportional Values
Notation Estimated
Estimated Values Proportion
Values
1.10970+0.399 VH1/D 1.522
F 2.1049+0.977 H2/4H1 0.1387
H1 2.5713+1.015 [(4DH,)%: + F]/ [(4DH))Y2 - F] 4.3060
H2 1.4268+0.9070 h2/H2 -0.3579
h2 -0.5107+0.610 VIL1/WoLol 5.1063
E 0.9260+0.1511 h?N 0.0549

Table 4.2.9. Components of variation and their proportions for number

of rows/cob
Comp onents of Proportional Values
. Variation
Notation Estimated
Estimated Values Proportion
Values
1.5357+0.607 VH1/D 1.6218
F 2.1809+1.485 H2/4H1 0.2068
H1 4.0396+1.543 [(4DH1)% + F]/ [(4DH1)"% - F] 2.5575
H2 3.3417+1.378 h2/H2 -0.241
h2 -0.807+0.927 VIL1/WoLol 3.648
E 1.464+0.229 h?NS 0.0113

Table 4.2.10. Components of variation and their proportions for number

of kernels/row

Components of Variation | Proportional Values
Notation Estimated

Estimated Values Proportion stmate

Values

-0.5696=+1.795 VH1/D 6.2486
F 1.8679+4.386 H2/4H1 0.2171
HI 22.24354+4.558 [(4DH))% + F]/ [(4DH))% - F] 1.7113
H2 19.3221+4.072 h2/H2 6.8059
h2 131.5054+2.740 VIL1/WoLol 27.125
E 2.988+0.402 h2NS 0.265
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Table 4.2.11. Components of variation and their proportions for number

of grains/cob
Components of Variation | Proportional Values

Notation Estimated

Estimated Values Proportion sumate

Values

D 77.847+29.919 VH1/D 1.4743
F 37.384+73.0943 H2/4H1 0.2243
H1 169.21214£75.954 [(4DH))'%: + F]/ [(4DH))Y: - F] 1.3890
H2 151.8614+67.8519 h2/H2 1.1937
h2 181.288+45.668 VIL1/WoLol 1.8398
E 7.2261633+11.308 h2NS 0.3901

Table 4.2.12. Components of variation and their proportions for grain

yield/plant
Components of Variation | Proportional Values
Notation Estimated
Estimated Values Proportion S ©
Values
D 16.3356+10.529 VH1/D 1.9605
F 1.5754+25.724 H2/4H1 0.2319
HI 62.7934£26.730 [(4DH))% + F]/ [(4DH))% - F] 1.051
H2 58.269+23.879 h2/H2 1.024
h2 63.071£16.072 VI1L1/WoLol 2.533
E 9.4061+£3.979 h2NS 0.318
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4.2.2 COMBINING ABILITY FOR GRAIN YIELD AND YIELD
COMPONENTS

Variance Analysis

The analysis of variance revealed highly significant difference for all the

characters, indicating the existence of wider genetic variability among the lines.

Both general combining ability (GCA) and specific combining ability (SCA)

variances were found to be highly significant (Table 4.2.13) for all the

characters studied which indicated that both additive and non-additive gene

action played predominant role for expression of these characters. Relative

importance of GCA and SCA was calculated, closer the ratio is to unity greater

is the predictability based on GCA alone.

In the present study GCA/SCA variance was observed to be unity for cob

length, cob diameter and number of rows/cob indicating equal importance of

both additive and non additive gene effects.

The SCA component of variance was higher than GCA component of variance

for the characters like plant height, cob diameter and number of rows/cob

indicating the predominance of non-additive or dominant gene action.

High magnitude of SCA components were predominant indicating the

dominance and epistatic interaction for these characters. Average GCA: SCA

ratio for four characters was above unity.

General Combining Ability
The GCA effect (gi) represents the additive nature of gene action. The nature

(direction or sign) and magnitude of gi both are considered. Besides, per se
performance of the parent is also considered together with gi since the former
offers authenticity to gi as a guide to select the parent. GCA and SCA variances
with each parent play a significant role in the choice of the parent. A parent
with higher positive significant GCA effect is considered as a good general
combiner. A parent showing high GCA and SCA variances is a better parent

for creating high yielding specific combination.
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The magnitude and direction of the significant effect for six parents provides
meaningful comparison and would give clue to the future breeding program.
General combining ability (GCA) effects for grain yield and yield components
are presented in Table 4.2.14. In this study, days to maturity, cob height and
number of kernels/cob of the inbred lines with significant and negative effects
were considered as good general combiners, while grain yield and other yield
components of inbred with significant and positive effects were considered as
good general combiners.

Highly significant and positive GCA effect of the parents P4, Ps and Ps were
observed for grain yield (Table 4.2.14.). P1 and P> parents showed significant
and negative GCA effect. Inbred parent P; showed non-significant GCA effect
for this character.

For days to tasseling the P>, P3, P4+ and Ps parents showed non-significant
negative GCA. Estimates of GCA were positively non-significant for Py and Ps.
Inbred parents P2, P3, P4 and Ps showed non-significant negative GCA effect for
days to silking but the parents P; and Ps showed positive non-significant GCA
(Table 4.2.14).

The GCA effect of Pi, P> and P3 was significantly negative for days to
maturity. Parents P4, Ps and Ps were found to show non-significant negative
GCA effect for the character (Table 4.2.14). For plant height the GCA effects
of the parents, P1, P> and Pz showed non-significant positive whereas negative
non-significant GCA effect was observed in P4, Ps and Pg (Table 4.2.14). The
inbred parents Pi, Ps and Ps showed positive significant GCA for cob height,
other parents showed non-significant negative GCA effect for the character
(Table 4.2.14).

The parent P3 showed non-significant positive GCA for cob length. Non-
significant negative GCA was found for other parents (Table 4.2.14). For cob

diameter it was observed that the parents P3, Ps and Ps showed non significant
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negative GCA. The remaining three parents showed non-significant positive
GCA for cob diameter (Table 4.2.14).

The inbreds Pi, P> and P3 showed non-significant positive GCA for number of
rows/cob and also P4, Ps and Ps showed non-significant negative GCA for this
trait (Table 4.7.2). For number of kernels/row it was found that parents P3, Ps
and Ps showed non-significant positive GCA. Other parents like Pi, P> and P4
showed non-significant negative GCA for the trait (Table 4.2.14).

The parents Pi, P2, P3, and Ps showed significant positive GCA for number of
grains/cob. Significant negative GCA was found for P4 and Ps (Table 4.2.14).
Inbred parents P, P2, P4, Ps and Ps showed significant positive GCA effect for
grain yield but the parents P; showed positive non-significant GCA (Table
4.2.14).

From the study, it is concluded that the parents Pi, P>, P4 and Ps are good

general combiner and might be used for hybrid variety development program.

Specific Combining Ability

The SCA effects signify the role of non-additive gene action in the expression
of the characters. It denotes the highly specific combining ability leading to the
highest performance of some specific cross combinations. For this reason it
relates to a particular cross. The estimates of SCA effects are presented in

Tables 4.2.14 - 4.2.25.

SCA effects for grain yield was observed among 15 crosses, eight crosses like
P1xP2, P1XPs, Po2xPs, P3xPs, P4xPs, P2xPs, P4xPs and PsxPs showed highly
significant and positive SCA. Five other crosses, Pi1xP3, P>xP4, P3xP4, P1xPs

and P3xPs showed significant negative SCA effect for the character.

For days to tasseling seven crosses PixPa, P2xPy4, P1XPs, P2xPs, P3xPs, P1XPg
and P3xPs showed significant negative SCA which is desirable. Regarding days
to silking three crosses, P3xP4, P1xPs and P3xPs showed desired significant
negative SCA, P>xPs, P3xPs, P1xPs and P3xPs showed significant negative
SCA, five crosses P3xPs, P1xPs, P4xPs, P3xPg and PsxPs.
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For days to maturity, five crosses PixP, P1xP3, P2xP3, P3xP4 and P1xPs were
positive significant and the rest three crosses P3xPs, PoxPs and P3xPs showed

significant negative SCA effect for the character (Table 4 .2.17.).

Regarding plant height seven crosses, P1xPs, P1xPs, P1xPg, P2XPs, P2xPs, P2xPs
and P3;xPs and P3xPs showed desired significant negative SCA, six crosses
P1xP2, P1xP3, P2xP3, P3xPs, P4xPs and PsxPs showed positive significant for
this trait.(Table 4.2.18). Regarding ear height PixP>, PixPs, P.xPs, P3xPs,
P4xPs, P1xPs and PoxP4 showed significant negative SCA. The rest six crosses
P1xP3, PoxP3, Pi1xPs, P2xPs, P4xPs and PsxPs exhibited significant positive SCA
for the trait (Table 4.2.19). Regarding cob length three crosses like P2xPa,
P1xPs and P>xPs showed significant positive SCA, four crosses had significant
negative SCA (Table 4.2.20). For cob diameter two crosses PixP3 and P3xPs
exhibited positive significant SCA and the two crosses P3;xPs and PxPs
exhibited significant negative SCA. Other crosses showed non-significant SCA
for the trait (Table 4.2.21). For number of rows/cob three crosses P1xP2, P1xP4
and PixPs showed significant positive SCA. On the other hand, negative
significant SCA was observed for four crosses P>xP3, P3xPs, PixPs and P1xPs
for the trait (Table 4.2.22).

For number of kernels/ row five crosses P1xP2, PixPs, P4xPs, PaxPs and PsxPg
showed significant positive SCA whereas three crosses PoxP4, PoxPs and P3xPg
showed significant negative SCA and the other seven crosses exhibited non
significant SCA for the trait (Table 4.2.23). Regarding number of grains/cob,
six crosses PixP>, PixP4, P1xPs, PsxPs and PsxPs showed positive significant
SCA whereas nine crosses showed significant negative SCA (Table 4.2.24).
For grain yield/plant, twelve crosses showed significant SCA whereas six
crosses PixP2, P1xPs, P2xPs, P4xPs, PoxPg, PsxPs and PsxPs were positive and

the rest six were negative for the character (Table 4.2.25).

The proportion of GCA/SCA was more than unity for all the studied characters,
suggesting that additive gene effects were more important than the non-additive

ones in the expression of these characters.
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Table 4.2.13. Analysis of variance for combining ability analysis for grain
yield and its components in 6x6 diallel cross in maize

Characters | Source of | df | Sum of Mean F.value | GCA/SGA
variation squares squares
GCA 5 75.048 15.009
DT SCA 15 71.9284 4.795
Crosses 20 146.976 7.348 1.532 3.159
Error 40 136.938 4.795
GCA 5 52.365 10.473
DS SCA 15 66.406 4.427
Crosses 20 118.771 5.938 1.831 2.365
Error 40 129.709 3.242
GCA 5 927.511 185.502
DM SCA 15 630.427 42.028
Crosses 20 1557.938 77.896 15.279 4414
Error 40 203.957 5.09892
GCA 5 730.553 146.11069
PH SCA 15 3034.03 202.2687
Crosses 20 3764.584 188.229 5.295 0.7025
Error 40 1421.831 35.545
GCA 5 3533.856 706.771
EH SCA 15 3756.084 250.405
Crosses 20 7289.941 364.497 2.812
Error 40 5185.474 129.636 2.8225
GCA 5 58.668 11.733
CL SCA 15 100.127 6.675
Crosses 20 158.796 7.939 2.178 1.7577
Error 40 145.775 3.644
GCA 5 20.124 4.024
CD SCA 15 73.927 4.928
Crosses 20 94.052 4.702 2.174 0.8165
Error 40 86.51 2.162
GCA 5 2.167 0.433
SCA 15 8.718 0.581
NRC Crosses 20 10.886 0.544 1.112 0.745
Error 40 19.564 0.489
GCA 5 470.348 94.069
NKR SCA 15 181.74 12.116
Crosses 20 652.088 32.604 1.843 7.764
Error 40 707.584 17.689
GCA 5 64582.993 | 12916.598
NGC SCA 15 53567.158 3571.143 3.6169
Crosses 20 118150.15 5907.507 1.749
Error 40 135068.29 3376.707
GCA 5 5175.866 1035.173
GYP SCA 15 4293.246 286.216
Crosses 20 9469.112 473.455 1.749 3.6167
Error 40 10825.162 270.629
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Table 4.2.14. Estimation of GCA effects of the parents for different
characters in maize

Parentsy DT DS DM PH CH CL CD NRC NKR NGC GYP
P, 1.422 1.265 -4.448** (0.388 -8.390** -0.045 0.051 0.388 -0.237 18.422%** -8.301**
P, |-0.743 -0.134 2.659** 0.132 -0.208 -0.018 0.336 0.132 -0.846 7.419** -7.018**
P; -0.428 -0.267 2.975** 0.173 -1.030 0.248 -0.271 0.173 1.045 19.055** 0.358
Py [-0.547 -0.487 -1.402 -0.198 -0.891 -0.199 0.320 -0.198 -1.062 -15.88** 3.178*%*
Ps 0452 0.114 -0.576 -0.252 7.130** -0.059 -0.373 -0.252 0.789 2.703** §.877**
Ps [-0.155 -0.491 0.793 -0.242 3.390** 0.074 -0.063 -0.242 0.311 -2.880** 2.906**

Table 4.2.15. Specific combining ability (SCA) effect for days to tasseling
in 6%6 diallel cross in maize

Parent P2 Ps3 P4 Ps Pe
Py 2.476** 1.6009 -0.203 0.221 -1.201
P> 0.0967 1.549 0.0538  -0.3127
P3 -0.569 0.9588 1.0355
P4 0.0780  -0.0086
Ps -0.230

Table 4.2.16. Specific combining ability effect for days to silking in 6x6
diallel cross in maize

Parent P2 Ps3 P4 Ps Pe
Py 4.757** 0.6708 0.614 -2.343**  -.0.384
P> 2.153%* 0.927 -0.254 -0.678
P3 -3.519** 0.708  -3.427**
P4 -3.154*%*  -0.154
Ps -2.146**
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Table 4.2.17. Specific combining ability effect for days to maturity in 6x6

diallel cross in maize

Parent P2 Ps3 P4 Ps Pe
Py 2.244%* 3.178%* 0.192 -0.270  7.163**
P> 3.319%** 1.391 0981  -2.694**
P3 3.185%*%  -6.364** -4.813**
P4 -1.039 1.730
Ps 0.191

Table 4.2.18. Specific combining ability effect for plant height in 6x6

diallel cross in maize

Parent P> P P4 Ps Pe
Py 2.130**  4.121%** -2.574%* S7.139*%*  J7.866**
P> 7.677** -7.871%* -3.763**  -6.110**
P3 5.929%* -15.662**  -0.155
P4 -1.058 2.095%*
Ps 18.843%*

Table 4.2.19. Specific combining ability effect for ear height in 6x6 diallel

crosses in maize

Parent P> P P4 Ps Pe
Py -7.487*F%  6.7617*%*  7.332%* -9.197*8  -5.590**
P> 5.367** 6.191%** -3.174*%8  -17.434%*
P3 1.986 -10.609%** 1.394
P4 -10.489**  2.534%%*
Ps 10.205%*
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Table 4.2.20. Specific combining ability effect for cob length in 6x6 diallel

crosses in maize

Parent P2 Ps3 P4 Ps Pe
Py -0.065 0.171 0.752 2.202%%* -0.822
P> -3.168%*  4.022%* 0.602 3.021%**
P3 0.325 -3.367** -2.215%*
P4 -4.183%* -0.1613
Ps -0.304

Table 4.2.21. Specific combining ability effect for cob diameter in 6x6

diallel crosses in maize

Parent P Ps P4 Ps Ps
Py -0.102 2.202%* -0.248 -3.147** 0.741
P> 1.173 0.296 0.630 -0.103
P; -2.949%** 4.361** 0.623
P4 0.250 0.373
Ps -0.516

Table 4.2.22. Specific combining ability effect for number of rows/cob in

6x%6 diallel cross in maize

Parent P P P4 Ps Ps
Py 7.603%* 0.253 2.248** 3.398%** -4.790**
P> -2.179%** -0.457 -0.617 0.093
P; -0.480 -5.041%* -5.247**
P4 0.231 0.208
Ps 0.451
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Tablel 4.2.23. Specific combining ability effect for number of kernels/row

in 6x6 diallel cross in maize

Parent P2 Ps3 P4 Ps Pe
Py 3.034%* -1.253 -0.324 4.1236** 1.300
P> -0.058 -3.579%%  -4.208%* -1.121
P3 -1.101 -1.635 -2.392%*
P4 3.126%* 4.253%%*
Ps 2.801%%*

Table 4.2.24. Specific combining ability effect for number of grains/cob in

6x%6 diallel cross in maize

Parent P> P P4 Ps Ps
P 56.096**  -11.127** 3.251%* 16.295** -5.745%*
P> -6.360**  -32.514** -71.930%*  -13.545%*
P3 -26.795%* -23.411%%  -25.542%*
P4 24.238** 7.699%*
Ps 25.821**

Table 4.2.25. Specific combining ability effect for grain yield/plant in 6x6

diallel cross in maize

Parent P> P P4 Ps Pe
Py 15.880%*  -3.150%%* 0.920 4.613%* -1.626
P, -1.800 -9.205%** 20.363** 3.834%*
P3 -7.585%* -6.627** -7.231%*
Py 6.861%* 2.181%*
Ps 7.309%*
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4.2.3 HETEROSIS STUDY

Estimation of Mid-parent and Better-parent

The estimation of percent heterosis observed in F; generation over mid-parent
and better-parent for different characters are presented in Tables 4.2.26- 4.2.31.
Heterosis over mid-parent for different crosses was recorded non-significant in
some crosses viz., P2xPs P3xPs P4xPs and P4xPs for days to tasseling. The
highest percent of heterosis over mid-parent was recorded to be 4.165 in P1xP,
for this character (Table 4.2.26). Out of the cross combinations, eleven crosses
showed significant heterosis over better-parent for days to tasseling. Most of
the crosses showed highly significant positive heterosis both over mid-parent

and better-parent for days to silking (Table 4.2.26.).

Most of the crosses showed significant positive heterosis over mid-parent and
better-parent for days to maturity. The highest heterosis with 10.185 was
recorded in PixP¢ over mid-parent and that of 10.663 was recorded in P3xPs

over better-parent.

For plant height nine crosses showed negative but significant heterosis and rest
of them showed positive significant heterosis over mid-parent. All the crosses
except only one cross P3xPs showed positive significant heterosis over better-

parent for this character.

Heterosis over mid-parent for different crosses was recorded significant but
negative heterosis in some crosses viz., P1xP P1xPs P1xPs, P2XPs, P2xPg P3XPs,
P4xPs, P4xPs and PsxPs for ear height. The highest percent of heterosis over
mid-parent was recorded to be 9.060 in P>xP; for this character (Table 4.2.28).
All the cross combinations except P>xPs showed significant heterosis over
better-parent and the highest percent positive heterosis 45.863 was recorded in
P1xPs. Regarding mid-parent and better-parent heterosis, most of the crosses for

cob length exhibited non-significant results. From Table 4.2.28, it is observed
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that three crosses showed significant positive heterosis over mid parent and

better parent but rest of the crosses showed significant negative heterosis.

Two crosses showed non-significant negative heterosis in cob diameter. Out of
fifteen cross combinations, five F; showed positive significant heterosis over
mid-parent for number of rows/cob. Rest of them was found to be non-
significant. Four non-significant values of -2.506, -3.531, -2.473 and -1.874
were estimated in Pi1xPs, P1xPg, P2xP4 and P3xPs over mid-parent heterosis for

number of kernels/row.

The highest significant positive heterosis percent over mid-parent of 3.043 was
recorded in P4xPs. Different crosses for this character exhibited non-significant
to significant, negative to positive heterosis over better-parent. The highest
percent better-parent heterosis of 7.210 was recorded in P4xPs All the Fis
showed significant negative heterosis over mid-parent though six positive
significant estimations were found in PixP>, PixP3; PixPs4 P3xP4 PsxPs and
PsxPs, respectively for number of grains/cob (Table 4.2.30). The highest
significant positive heterosis percent over mid-parent of 59.096 was recorded
in P1xP> while all non-significant heterosis over better-parent were estimated
for the above character. From Table 4.2.31, it is evident that most of the crosses
over mid parent and better parent showed significant negative but rest of them

showed both significantly positive and negative heterotic effect.

A wide range of variation from 1.732 to 15.209% over mid parent and -40.363
to 4.936% over better parent was observed. The cross P1xP2 showed the highest
and significantly positive heterosis over mid parent (15.209%) and better

parent (4.936%).
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Table 4.2.26. Heterotic effect in F1 generation over mid parent and better

parent for days to tasseling and days to silking

Days to tasseling

Days to silking

Crosses
Mean MP BP Mean MP BP
P1xP; 97.840 4.165%* 1.756* 100.110 3.485%* 2.360**
P1xP3 97.280 3.105%* 1.196* 98.890 2.282%%* 1.140%*
P1xP4 95.356 0.732%* 0.726* 98.613 1.438* 0.863*
P1xPs 96.556 0.765* 0.473 99.943 2.718** 2.193**
P1xP¢ 94.750 -0.658* 1.333* 97.610 0.526%* 0.140
P>xP3 93.610 1.843* 1.343* 97.973 2.490%* 2.473%*
P2xPy 94.943 2.726%* 1.776* 97.526 1.476%* 0.926*
P2>xPs 94.223 0.840* 1.276* 96.946 0.846%* 0.246
P2>xPg 93.473 0.473 1.260* 95.916 -0.041 0.500%*
P3xP4 93.140 0.423 0.026 94.946 -1.086 1.653*
P3xPs 95.443 1.560%* 0.056 97.77 1.693* 1.076*
P3xPg 95.136 1.636* 0.403 97.890 1.948* 1.473*
P4xPs 94.443 0.110 1.056* 96.693 0.043 0.006
P4xPs 93.973 0.023 0.760%* 95.666 -0.841* 0.933%*
PsxPs 94.526 -0.590* 0.973* 96.696 0.138 0.003
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Table 4.2.27. Heterotic effect in F; generation over mid parent and better

parent for days to maturity and plant height (cm)

Days to maturity Plant height

Crosses

Mean MP BP Mean MP BP
P1xP> 146.223 3.681** 5.243%%* 136.246 -2.186** 4.253%%*
P1xP;3 149.473 5.431%* 4.993%* 135.166 1.766* 1.200%*
P1xPy 142.110 4.185%* 0.123 129.406 -6.276** 6.960%*
P1xPs 144.473 0.731 7.393%* 129.800 -11.667** 16.775%*
P1xPs 151.276 10.185%%* 2.710%* 127.153 -8.996** 9.213**
P>xP;3 156.723 3.756%* 2.256%* 142.134 6.670%* 1.635%%*
PoxPy 152.416 3.566%* 1.050* 127.523 -10.226** 12.973**
P>xPs 150.833 0.166 0.633 138.590 -4.943%* 7.976%*
P>xPs 148.526 3.490%* 2.940%* 132.323 -5.893%* 8.176**
P3xPy 153.526 4.176** 1.940%* 138.253 5.536%* 3.253%*
P3xPs 143.803 -8.363** 10.663** | 121.620 -16.880** 24.946**
P3xPs 146.723 -4.793%* 7.743%%* 135.206 2.023%* 0.726
P4xPs 144.750 -1.301 5.116%* 137.160 -3.623%* 9.406
P4xP¢ 149.890 3.490** 0.323 138.393 2.926%* 2.460%*
PsxPg 148.176 -1.040** 1.690** 160.100 18.850** 13.532%**
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Table 4.2.28. Heterotic effect in F1 generation over mid and better parent

for ear height (cm) and cob length (cm)

Ear height Cob length
Crosses
Mean MP BP Mean MP BP

P1xP 56.160 -9.873%* 16.740%** 13.587 -0.497 -1.247*
P1xPs3 59.013 -0.820 1.486%** 14.536 0.687 -0.297
P1xPy 61.993 -0.790 4.406%* 16.700 3.600%* 1.867*
P1xPs 54.936 -25.046%*%  45.863** 16.263 2.555% 1.430%*
P1xPs 59.466 -10.250%*  20.800** 11.883 -2.100* -2.950*
P>xP;3 75.760 9.060** 2.860%** 11.667 -1.433* -1.667*
P2xPy4 72.016 2.366%* 0.883 10.950 -1.400* -2.383*
P2>xPs 63.653 -23.196**  37.146** 13.250 0.233 -0.083
P>xPg 61.970 -14.613%* 18.296** 13.000 2.343%* -0.333
P3xP4 71.900 8.450%* 5.50%* 14.460 -1.375* 1.593*
P3xPs 71.90 -8.750** 28.90%* 13.00 -1.625* -1.767*
P3xPg 69.213 -1.170 11.053** 12.200 -0.800* -0.933*
P4xPs 60.103 -23.496**  40.696** 11.600 -1.375* -1.983*
P4xPg 71.086 -2.246* 9.180** 12.700 0.450 -0.433
PsxPs 81.883 -8.650** 18.916** 13.830 -0.075 -0.350
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Table 4.2.29. Heterotic effect in F1 generation over mid and better parent

for cob diameter (cm) and number of rows/cob

Cob diameter Number of rows/cob
Crosses
Mean MP BP Mean MP BP

P1xP> 13.956 0.734%* 0.617* 14.666 1.400* 1.333*
P1xP3 15.073 3.167%* 2.234* 14.386 0.970%* 0.753%*
P1xPy 14.343 -0.457 -1.707* 13.776 0.910%* 0.576%*
P1xPs 15.586 -0.641%* -0.950* 13.723 0.873* 0.523*
P1%Ps 14.566 1.383* 1.283* 12.712 -0.443 0.476
PoxP3 12.633 2.250* 1.200* 13.610 0.126 0.023
PoxPy 13.354 0.250 -0.933* 13.220 0.286 0.113
P2xPs 14.450 1.248* 0.823* 12.470 -0.446 0.863*
P2xPsg 15.143 0.650* 0.633* 13.001 -0.235 0.331
P3xPy4 13.743 -2.916* -5.100* 13.026 -0.056 0.606*
P3xPs 12.570 2.108* 1.483* 12.886 -0.180 0.746%*
P3xPsg 13.253 1.507* 0.473 12.776 -0.606* 0.856*
P4xPs 15.056 -0.175 -1.733%* 13.250 0.733* 0.716*
P4xPsg 14.513 0.083 -1.066* 12.640 -0.193 0.493
PsxPg 12.393 -0.0917 -0.500* 13.223 0.406 0.0901
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Table 4.2.30. Heterotic effect in F1 generation over mid and better parent

for number of kernels/row and number of grains/cob

Number of kernels/row

Number of grains/cob

Crosses

Mean MP BP Mean MP BP
PixP, 28.780 1.296* 0.813%* 383.670 53.725%* 17.436*%*
PixP; 31.000 2.183%* 1.333%* 342.503 -19.745*%* -88.336%*
PixPy4 28.166 1.070 0.200 366.843 11.913** -49.360**
P xPs 27.360 -2.506** 4.406** 400.020 23.741%* 58.880**
P1xPs 24.583 -3.531** -3.683** | 356.886 6.118%* -50.993**
P2xPs3 27.583 -0.750%* 2.083%* 351.803 -46.733%* -79.037%*
PyxPy 24.140 -2.473%* 2.860%* 335.610 -55.608%** -80.593**
P2xPs 28.556 -0.826* 3.210%* 316.326 -96.240%* -142.573%*
P2xPs 27.890 0.256 0.376 353.620 -33.437%* -54.260%*
P3xPy 29.610 1.663* 0.056 367.387 -56.135%* -63.453%*
P3xPs 28.831 -1.874%* -2.912*%* | 390.903 -53.967** -67.997**
P3xPs 29.723 0.756* 0.059 367.680 -51.680%* -63.160**
P4xPs 24.556 -4.440%* 7.21%* 448.883 10.962%* -10.387**
P4xPs 30.290 3.043** 2.023%* 410.883 -1.158 -5.320%*
PsxPs 31.193 1.176* 0.573 449.137 15.747%* -9.763%%*
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Table 4.2.31. Heterotic effect in F; generation over mid and better parent

for grain yield/plant (g)

Grain yield/plant
Crosses
Mean MP BP

P1xP> 108.617 15.209** 4.936**

P1xP;3 96.962 -5.590** -25.008%**
P1xP4 103.853 3.372%* -13.973%*
P1xPs 113.245 6.721** -16.669%*
P1xPs 101.034 1.732%* -14.435%%*
P>xP;3 99.595 -13.23%* -22.375%*
PoxPy 95.011 -15.742%* -15.742%*
P>xPs 89.551 -27.246%* -40.363%*
P>xPs 100.109 -9.466** -15.360**
P3xPy -15.360 -15.891%* -17.963**
P3xPs 110.664 -15.278** -19.250%%*
P3xPs 104.089 -14.630** -17.881%*
P4xPs 126.973 3.103%* -2.941%*
P4xP¢ 116.321 -0.327 -1.505*

PsxPg 127.150 4.457** -2.764%*
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DISCUSSION

GENETIC VARIABILITY

The magnitude of variability present in a crop species is of utmost importance
as it provides the basis for effective selection. In the present study, genetic
variability among twenty five inbred lines of maize was assessed for grain yield
and important yield components. The results (Table 4.1.10) revealed that GCV
was less than its corresponding estimates of PCV for all the traits which
indicated significant role of environment in the expression of these traits. The
high values of genotypic coefficient of variation for cob height, days to silking,
number of kernels/cob and grain yield indicated high degree of genetic
variability for these characters. Similar results have also been obtained by
Alam (2009). On the contrary, Satyanarayana and Saikumar (1995) recorded
low genotypic coefficient of variation for grain yield. In crop improvement,
only the genetic component of variation is important since only it is transmitted
to the next generation. Although high heritability estimates have been found to

be helpful in making selection of superior lines.

On the basis of phenotypic performance, Wannows et al. (2010) suggested that
heritability estimates along with genetic gain were more useful in predicting
the effect for selecting the best individual. Among the quantitative characters
studied, the degree of heritability was found to be different.

Heritability estimate in broad sense was highest for days to silking followed by
days to maturity, cob length and days to tasseling. Results showed that high
heritability estimates were detected for days to silking, cob height, number of
kernels/row, days to tasseling and yield, emphasizing that the additive genetic
variation was the major component of genetic variation in the inheritance of
these traits and the effectiveness of selection in the early segregating
generations of the studied hybrids for improving these traits. Higher genetic
advance for number of grains/cob, days to silking, days to tasseling, plant

height and grain yield depicts additive gene effects.
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High heritability estimates for plant height, cob height, number of rows/cob
and number of kernels/row were also reported by Yasien (2000) and Abd El-
Sattar (2003). Similar results have been reported in maize by Wannows et al.
(2010) and Alam (2009).

High genotypic coefficient of variation and high to moderate heritability
coupled with high genetic advance as percentage of mean for cob height,
number of grains/cob, days to silking, cob diameter and grain yield indicating
that these characters might be transmitted to the progenies. Therefore, selection
of parents based on the superior phenotypes for these characters may be

effective in hybridization program to develop high performing maize hybrids.

CORRELATION COEFFICIENT

The correlation coefficient between grain yield/plant and its component
characters and between the various components themselves were estimated at
the genotypic and phenotypic levels. The study reveals that in most of the
cases, the values of ry were higher than the corresponding r, indicating less
pronounced environmental effect. Lower 1, than ry indicates that both
environmental and genotypic correlations in those cases act in the same

direction and finally maximize their expression at phenotypic level.

In this study, the traits studied were positively correlated with grain yield
(Tables 4.1.12 and 4.1.13). The highest significant positive correlation with
grain yield was shown by number of grains/cob followed by number of
kernels/row and days to maturity. Similar results have been reported in maize
by Swarnalatha and Mohammad ( 2001), Mohan ef al.(2002), Abd EL-Aty and
Katta (2002), Mohammadia et al.( 2003), Ahmed (2004), Sadek et al.(2006)
and Aydin et al.(2007).
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Cob length showed significant and positive genotypic correlation with cob
height; on the other hand, it was significantly and negatively correlated with
days to maturity. This result agreed with those mentioned by Soliman et al.

(1999), Yasien (2000), Mohammadia et al. (2003) and Sadek et al. (2006).

Cob diameter had significant and positive correlations with days to maturity
while it showed significant and negative correlations with cob height. Number
of rows/cob showed significant and negative correlations with cob height. Such
results are in harmony with those obtained by Salami et al. (2007), Yasien

(2000), Amin at el. (2003) and Mohammadia et al. (2003).

As yield (grain weight/plant) is the ultimate goal, the positive association of
these characters will help for selecting best genotype. Similar results have also
been reported by Mohan ef al. (2002), Alam (2009) and Rafiq et al. (2010). In
general, the existence of positive associations in the present study among the
grain yield and cob length, number of kernels/row and number of grains/cob
suggests that an increment of production may be achieved upon improving

either one or more of these traits.

PATH COEFFICIENT

The analysis of path coefficient has (Tables 4.1.14 and 4.1.15) been made to
identify the important yield contributes by estimating the direct effects of the
contributing characters to yield and separating the direct from the indirect
effects through other related characters by partitioning the correlation
coefficient and finding out the relative importance of different characters as
selection criteria. The estimates of direct and indirect effects of the eight yield
related characters viz. days to maturity, plant height, ear height, cob length, cob
diameter, number of rows/cob, number of kernels/row, number of grains/cob

on grain yield are presented in Table 4.1.14.

The highest direct effect on grain yield was exhibited by number of rows/cob

followed by days to maturity, number of kernels/row and cob length. Number
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of grains/cob had highest indirect effect on grain yield through number of
kernels/row followed by days to maturity through number of kernels/row and
number of rows/cob through number of grains/cob. These results are agreed
with some researchers such as Swarnalatha and Mohammad (2001), Mohsan et

al. (2002), Viola et al. (2003 and Alam (2009).

At phenotypic level, highly significant undesirable direct effect on grain yield
was found for number of grains/cob which is in agreement with the results of
Alvi et al. (2003), Sofi and Rather (2007) and Alam (2009); but contrary to the
results of path analysis which in their research found Akbar ef al. (2008) and
Najeeb et al. (2009).

Path coefficient values based on phenotypic correlation revealed that most of
traits except cob length had direct positive effect towards grain yield also
having positive correlation with grain yield. Therefore, proper attention should
be given to the above characters for the improvement of grain yield. These
results are in agreement with the results of many authors (Alvi et al., 2003;
Sumathi et al., 2005; Sofi and Rather, 2007; Najeeb et al., 2009 and Alam,
2009).

In the present study, path coefficient analysis suggests that during selection
more emphasis should be given on cob length, number of rows/cob, number of
kernels/row and number of grains/cob. Since these characters, had high
correlation and high direct effect on grain yield. Nemati et al. (2009) reported
that ear weight had direct effect on grain yield.

SELECTION INDEX

Different selection indices were formulated using different combinations of
grain yield and yield contributing characters and their expected genetic gain
were estimated (Table 4.1.16). It was observed that among all the selection

indices, the index based on cob height + number of rows/cob + number of
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kernels/row + grain yield/plant had the maximum genetic gain. Among the
others, the indices based on cob length+ number of rows/cob + number of

kernels/row over straight selection for grain yield alone.

Therefore, improvement of grain yield through these selection indices is
suggested. There are scarcity papers of selection index in maize. More or less
similar results were also reported by Paul et al. (1978) in mustard. Similar
opinions were also reported by Singh et al. (1999) in maize and Mondal (2003)

in potato.

Bergele et al. (2002) suggested that the number of spikes per plant, grains per
spike and harvest index must be given preference in selection along with
optimum plant height and days to flowering to select the superior wheat
genotypes. Similar opinions were also reported by Ferdous ef al. (2010) in

wheat.

Shiv et al. (2008) suggested that number of tillers per plant, numbers of
spikelets per ear, number of grains per ear, grain weight per ear, 100-grains
weight and biological yield could form effective selection indices for selection

of high yielding genotypes of wheat.

GENETIC DIVERGENCE

Clustering pattern of inbred lines showed considerable genetic diversity among
themselves by occupying five different clusters. Cluster analysis revealed that
the 25 maize inbred lines could be grouped into 5 different clusters of which
maximum number of inbreeds (each containing 6 inbreeds) was included in
cluster I, II and IV. Cluster III had only three lines and that was the lowest.
Similar opinions were also reported by Singh ef al. (2005) in maize and Alam

(2009) in maize inbred lines.
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The maximum inter-cluster divergence (Table 4.1.17) was observed between
the clusters I and II and it was minimum inter-cluster divergence between
clusters III and IV. The maximum intra-cluster distance was observed in cluster
[IT and minimum in cluster V. The crosses involving parents from most
divergent clusters are expected to manifest maximum heterosis and generate

wide variability in genetic architecture.

Intra-cluster distance was much lower than the inter-cluster one, suggesting,
heterogeneous and homogeneous nature between and within groups,
respectively. This was further supported by an appreciable variation observed
for cluster means (Table 4.1.18). Similar results were reported by Singh et al.
(2005), Liu YuAi et al. (2006) in maize. Another study was carried out by
Chen FaBo et al. (2007) who reported that 186 maize genotypes could be

classified into ten clusters.

Mean values of days to maturity, plant height, and ear height and cob length
were highest in cluster II and cob diameter and number of kernels/row in III

and grain yield in cluster V.

A wide range of variations for several characters among the multi genotypic
cluster was observed. However, the difference was clear for plant height, cob
length, cob diameter, number of kernels/row and grain yield, which contributed
largely to the total divergence. Similar results have also been reported by Singh
et al. (2005) and Chen FaBo et al. (2007). Hence, for the improvement of
different characters viz. cob length, cob diameter, number of kernels/row, grain
number and grain yield under the present study, inbred lines should be selected

from clusters II, III and V.

The principal component analysis revealed that in major vector I the important
characters responsible for genetic divergence in the major axis of
differentiation were days to tasseling, days to silking, plant height, ear height

and cob length, cob diameter, number of kernels/cob and grain yield/plant
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(Table 4.1.19). In vector II, which was the second axis of differentiation, the
characters like days to tasseling, plant height, cob diameter, number of

rows/cob, number of kernels/cob and grain yield were important.

The role of plant height, days to tasseling and silking, cob length and diameter,
number of kernels/cob and grain yield/plant for both the vectors was positive
across two axis which is the indication of the important components of genetic
divergence in this material. Similar results have been reported in maize by

Singh et al. (2005), Chen FaBo ef al. (2007) and Azad et al. (2012).

Clustering D?-statistics is useful in this matter. The inbred lines grouped
together are less divergent than the ones which fall into different clusters. In
selecting lines from the already chosen groups, other important characteristics
like disease resistance, earliness, quality or even performance of particular

character should also be considered.

DIALLEL AND COMBINING ABILITY

The combining ability of inbred lines is the ultimate factor determining future
usefulness of the lines for hybrid development. In the present study, the
combining ability of the inbred was assessed for grain yield and important yield
contributing characters in a six inbreds diallel cross.

The results of this study showed that the expression of all these characters
studied was found to be controlled by both additive and non-additive genes.
Griffing analysis of variances for diallel crosses showed significant GCA and
SCA mean squares for most of the traits (Table 4.2.14) which is an indication
of the importance of both additive and non-additive genetic effects. This result
is in agreement with the results of Ahmed and Salem (2003), Glover et al.
(2005), Uddin et al. (2008), Alam (2009) and Afshar and Bahram (2012).
Parents Ps and P4 exhibited significant positive GCA effects for number of
grains/cob and grain yield, but parent P> showed negative GCA effect.

Therefore, parent Ps could be a donor parent for yield and earliness in
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hybridization programme. The parent P, showed significant negative GCA
effect for days to maturity and cob height.

Gichuru ef al. (2011) evaluated different maize inbred lines for days to silking
and introduced VHCY with the highest significantly negative (-3.194) GCA
effect as the best combiners for earliness.

Roy et al. (1998), Debnath et al. (1988), Zelleke (2000), Choudhary et al.
(2000), Desai and Singh (2001), Dubey et al. (2001), Hussain ef al. (2003) and
Uddin et al. (2008) found two and one inbred lines of maize, respectively, as
well as a good general combiner of earliness in two separate experiments.
Thus, the inbred lines which exhibited good general combining ability for at
least one character can be used for development of early maturity and high
grain yield. So, these three parents could be used extensively in hybrid
breeding program with a view to increasing the yield level. Similar results have
been reported in maize by earlier workers (Beck ef al., 1990; Das and Islam,
1993; Odongo and Bockholt, 1995; Spaner et al., 1996; Preciado et al., 1997;
Dahlan et al., 1997; San-vicente ef al., 1998; Zhao, 1999; Lemos ef al., 1999;
Desai and Singh, 2001; Uddin et al., 2008; Alam et al., 2008 and Alam, 2009).
However, additive genetic effects were preponderance for the expression of
days to silking and days to maturity, plant height, ear length and ear girth,
number of kernels/ear and 1000-kernel weight.

More importance of additive gene action for these attributes has been reported
by Crossa et al. (1990), Mahajan and Khehra (1991), Pal and Prodhan (1994),
Das and Islam (1994), Altinbas (1995), Odongo and Bockhot (1995), Tulu and
Ramachandrappa (1998), Roy et al. (1998), Paul and Debnath (1999) and
Zelleke (2000).

On the contrary, predominance of non-additive type of gene action for these
characters has also been reported earlier (Alika, 1994; El-Hosary et al., 1994;
Dehghanpour et al., 1996; Singh and Singh, 1998 and Suneetha et al., 2000).

The results of present study elucidated that for grain yield, number of rows/cob,
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and cob diameter, non-additive gene action was more important in controlling
their expression. Similar gene effect for these characters has been reported by
El-Hosary et al. (1994), Pal and Prodhan (1994), Mostafa et al. (1996), Kim
and Ajla (1996),. Dehghanpour et al. (1996), Joshi et al. (1998), Roy et al.
(1998), San-Vicente et al. (1998), Singh and Singh (1998), Ramech et al.
(2000), Zelleke (2000) and Alam (2009).

However, the results differed from the findings of earlier reports (Das and
Islam, 1994; Ferrao et al., 1994; Szatmari, 1996; Tulu and Ramachandrappa,
1998; Mathur et al., 1998 and Choukan, 1999) where additive gene effects
were of major contributor for these characters.

For days to maturity and silking, additive gene action was important which is in
conformity with the works of Pal and Prodhan (1994) and Zelleke (2000) as
they showed a greater influence of additive component of gene action in the
expression of maturity. In general, the crosses showing significant specific
combining ability (SCA) effect for different characters also possess high mean
performance.

In this study, P1xP2, PoxPs, P4xPs and PsxPs showed positively significant cross
combinations were the superior specific combiner for grain yield and other
yield components, indicating that most probably the inbred lines involved in
producing each one of these crosses belongs to the different heterotic pattern.

It was found that in most of the crosses having the highest mean performance
for different characters showed the best or at least good specific combiner in
respect of these characters.

Thus, the present results indicate a relationship between mean performance of
crosses and SCA effects. However, a few crosses appeared to have high mean
value but non-significant SCA effects and vice-versa. Significant positive SCA
effect was observed in PixP», PixPs, P4xPs, PsxP¢ and PsxP¢ for number of
kernels/row. The crosses PixP», P1xPs P1xPs, P4xPs, P4xP¢ and PsxP¢ showed

significantly positive SCA effects for number of grains/cob. Significant
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positive SCA represents dominance and epistatic component of variation. This
indicated that high per se value of cross may not necessarily indicate their
potentiality in crosses.

Uddin et al. (2006), Uddin (2008), Alam et al. (2008) and Alam (2009)
reported that any combination among the parents may produce hybrid vigour
over the parents which might be due to dominant, over dominant or epistatic
gene action. Choudhary et al. (2000) observed that SCA effects of the crosses
were closely associated with their performance for days to silking and days to
maturity. Earlier reporters also identified superior combinations in maize by
estimating specific combining ability for different traits (Zelleke, 2000;
Choudhary et al., 2000; Desai and Singh, 2001 and Dubey et al., 2001).

From the present study, the inbred parents P, P>, P4 Ps, and Ps can be selected
for development of high yielding hybrids for their good general combining
ability of grain yield and other yield components. Based on mean performance
and SCA effects, the crosses PixP2, P2xP3, P4sxP and PsxPs were found to be
superior. These hybrids can be selected as single cross hybrids for verifying
their performance over environments. The importance of GCA compared to
SCA for grain yield agrees with previous findings of Kim and Ajala (1996),
Ogunbodede ef al. (2000), Alam et al. (2008) and Alam (2009).

In the present study value of F (relative frequencies of dominance and recessive
alleles in the parents) for all the characters was positive and greater than zero.
It indicates that dominant alleles were more frequent than recessive alleles.

The component D was significant for days to tassel, days to silking, plant
height, ear height, number of kernel rows/cob, number of grains/cob and grain
yield indicating the importance of additive gene effect in their inheritance.

The component H; was highly significant for all the characters which indicate

the dominance gene effect in the inheritance of these characters.
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The component H, was highly significant for all the characters indicating the
dominance with asymmetry of positive and negative gene effect in controlling
these characters.

Thus highly significant values of the components D, H; and H» indicated the
importance of both additive and dominant gene effect for the characters under
study.

The value of h?> which measures the dominant effect over all loci was non-
significant with non-significant environmental variance E for most of the
characters.

The environmental component (E) for cob length, cob diameter, days to
maturity, number of kernels /cob, number of kernels/row showed lower values
indicating less influence of environment and might be less than additive and
dominant effects.

Alam (2009) reported that kernels weight was controlled by environmental
factors up to 60% in maize. This contradicts with the findings of Debnath and
Sarker (1989).

The average degree of dominance (Hi/D)"2 was more than unity for all the
characters suggesting the importance of over dominance. Over dominance as
well as predominent role non-additive genetic variance in the inheritance of
grain yield was reported by Gardner and Lonnquist (1961), Genova (1984),
Shahi and Singh (1985) and Genov (1987). Over dominance and predominent
genetic variance was observed by Debnath and Sarker (1989) for grain yield,
kernel rows per ear and 1000-kernel weight; by Nawar et al. (1980) for kernel
rows per ear, and by Gamble (1962b) for kernel weight. Gardner and Lonnquist
(1959), Johnson (1973), Shahi and Singh (1985), Lin and Chen (1986) and
Debnath and Sarker (1989) observed partial dominance for ear length and
number of kernels per row. Debnath and Sarker (1989) also showed complete

dominance for ear diameter.
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The values of Hz/4H: were smaller than 0.25 for all the characters which
indicated that positive and negative alleles were not distributed in equal
proportion in the parents. Another values of [4DHi)"2 +F]/[4DH,)'. -F] was
greater than unity for all the characters except grain yield, suggesting
asymmetrical distribution of dominant and recessive alleles in the parents for
the characters.

Another ratio h?/Ha, carried values greater than one indicating many groups of
genes were responsible for their genetical control. For grain yield, the presence
of an excess of dominant alleles than recessive alleles was observed in the
parents.

Almost all the characters were observed to be under polygenic control.
However, maximum number of genes or gene groups controlled grain yield.
The highest number of genes or gene groups for grain yield was also reported
by Debnath and Sarker (1989) and Alam (2009).

The low narrow-sense heritability values indicated that genotypic variance was
governed by non-additive gene action. Similar results have been reported in
maize by Alam (2009) and Azad et al. (2012).

Vr-Wr graphs indicate that it is difficult to attain simultaneous improvement
for all the characters, as there is involvement of partial dominance and over
dominance. The combined improvement of such characters should be based
upon exploitation of both fixable and non-fixable components of genetic
variance.

Utilization and exploitation of yield and yield components of maize require a
clear understanding of their genetic architecture. A great deal of genetic
architecture in maize has been studied which revealed that the nature of
inheritance regarding gene action varied from material to material.

Over dominance as well as importance of non-additive gene action in the
inheritance of grain yield was observed by Gamble (1962a), Darrah and
Hallauer (1972), Genov (1987) and Debnath and Sarker (1989, 1990b). On the
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other hand, Lonnquist and Castro (1967) and Murthy (1978) reported partial
dominance as well as predominant role of additive genetic variance of this trait.
Epistasis was also observed in grain yield by Gamble (1962a) and Darrah and
Hallauer (1972).

Result of the present study revealed that sufficient genetic diversity existed
among the parents, which is essential for the improvement of a crop. Partial
dominance or over dominance with non-allelic interaction was observed in
most of the characters. For grain yield, over dominance as well as non-allelic
interaction in the inheritance was evident.

It has been noticed that expression of dominant and recessive alleles in the
parents was influenced by environment as the same parent showed different

positions on Vr-Wr graphs.

HETEROSIS

Heterosis is directly proportional to the existence of non-additive (dominance
and epistasis) genetic variance in a population. The existence of significant
amount of dominance variance is a prerequisite for exploitation of heterosis.
Heterosis is also associated with wide adaptability of parents.

The cross having high heterosis coupled with high SCA can be utilized for
commercial exploitation of heterosis. For commercial usefulness, economic or
useful heterosis also compared for hybrid selection.

Pal and Prodhan (1994) suggested that selection on the basis of specific
combining ability for the most useful heterotic crosses and thereafter
development of single or double cross hybrid would be more effective in
achieving genetic amelioration of maize for grain yield and oil content.

For days to tasseling, PixP2, PixP3, P1xP4, P1xPs, PoxP3, P2xP4 and P2xPs over
mid parent and better parent showed significant positive heterotic effect. P1xPs
and PsxPs crosses over mid parent and better parent showed significant

negative heterosis.
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For silking, ten crosses over mid parent and eleven crosses over better parent
showed significant positive heterosis wheras the crosses P>xPs and P3xP4
showed significant negative heterosis. For maturity, three crosses over mid
parent showed negative and useful heterosis whereas twelve crosses over better
parent showed significant positive heterosis in these crosses, P3xPs showed
highest and earliest performance in maturity stage. Negative heterosis for
earliness in maize was reported by Vasal et al. (1992b), Alam et al. (2008) and
Alam (2009).

Five crosses for plant height and three crosses for ear height showed significant
positive heterosis over mid parent and over better parent. Rest of the crosses in
these traits had significant negative heterosis. Cob length and cob diameter are
important yield contributing characters of maize inbred lines.

Most of the crosses showed significant negative and useful heterosis over mid
parent and over better parent for cob length and diameter. Paul et al. (1995)
reported significant negative heterosis over high parent in most of the crosses
for cob length.

For number of kernels/row, P1xP2, P1xP3; and P4xPs over mid parent and better
parent showed significant positive heterotic effect. P1xPs and P3xPs crosses over
mid parent and better parent showed significant negative and useful heterosis.
Highest significant positive heterosis over mid parent was found by the cross
P4xPs and better parent in P4xPs.

Most of the crosses over mid parent and better parent showed significant
heterosis for number of grains per cob. The crosses PixP>» and PixPs
respectively showed the highest and significantly positive heterosis over mid
parent and over better parent in this trait.

Most of the crosses over mid parent and better parent showed significant
negative and useful heterosis for grain yield. Maryam and Jones (1985), Vasal
et al. (1992b) and Alam (2009) reported that yield is associated with delayed

maturity and increased plant height which support the present investigation.
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Among the characters studied for grain (kernel) yield and other yield
contributing characters, most of the crosses are considered to be the most
excellent, as they showed significant negative and useful heterosis.

P>xPs showed the highest negatve heterosis percent (-27.25 and -40.37) for
grain weight while 15.30% positive heterosis over mid-parent was recorded for
grain yield in P1xP;.

The results revealed that there is enough heterosis for all the characters studied
in maize. It is well established that the incidence and magnitude of heterosis
have positive association with the presence and magnitude of non-allelic
interaction (Singh and Narayanan, 1993). It also indicates the possibility of
increasing kernel yield by exploiting heterosis.

The presence of high heterosis indicates genetic diversity among the parents.
Similar results have been reported in maize by Alam et al. (2008), Uddin et al.
(2008) and Alam (2009). More importance of additive gene action for days to
silking and days to maturity, plant height, ear length and girth, number of
kernels/ear and 1000-kernel weight has been reported by Paul and Debnath
(1999) and Zelleke (2000).
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SUMMARY AND CONCLUSION

In the present investigation, 25 different maize inbred lines were evaluated for
eleven quantitative characters viz., days to tasseling, days to silking, days to
maturity, plant height, ear height, cob length, cob diameter, number of
rows/ear, number of kernels/row, number of kernels/cob and grain yield/plant
were selected. Statistical analyses such as mean, partition of components of
variation, coefficient of wvariability, heritability, genetic advance, genetic
advance as percentage of mean, correlation coefficient, selection index, genetic
divergence through D?- statistics, diallel analysis, combining ability and

heterosis study were carried out.

An analysis of variance reveals that the item inbred line was highly significant
indicating that 25 maize inbred lines were genetically different from each other.
The estimates of different components of wvariation and coefficient of
variability, such as phenotypic, genotypic and error were more or less high for
days to silking, days to tasseling, number of grains/cob, number of kernels/row
and yield, which indicates the wide scope of improvement of these characters
through selection. The highest of h’b was recorded for days to silking, cob
diameter and the lowest in number of grains/cob. Genetic advance was highest
in plant height and lowest in number of rows/cob. The highest value of GA%

was found for cob diameter and the lowest in days to silking.

High values of genotypic coefficient of variation and high heritability estimates
coupled with high genetic advance for days to silk, plant height, cob diameter,
number of kernels/cob and number of kernels/row suggesting that phenotypic
selection of parental inbred lines for hybridization program based on these
characters would be effective. Phenotypic coefficient of variation for all the
characters was higher than the genotypic coefficient of variation suggesting the

more environmental effect on phenotypic complexes.
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Grain yield was positively and significantly associated at the genotypic as well
as the phenotypic levels with days to maturity, number of kernels/row and
number of grains/cob. So, selection on the basis of these characters should get

preference for breeding programme.

Path coefficient analysis using genotypic correlation revealed that days to
maturity, cob length, number of rows/cob, and number of kernels/row had
direct positive influence on grain yield. At the phenotypic level, days to
maturity, plant height, ear height, cob length, number of rows/cob, number of
kernels/row and grains number showed direct positive effect on grain yield and
also positively correlated with grain yield. These results suggest that during
selection more emphasis should be given on days to maturity, number of

rows/cob and number of kernels/row.

The high expected genetic gains were more frequent through the different sets
of data, when more character combinations were studied in the function. Large
values for expected gains were obtained when all the four characters were
included in a combination. Among the indices, the combinations, cob diameter
+ number of rows/cob + number of kernels/row + grain yield gave high values

for expected gains over all sets of data.

Cluster analysis showed that maize inbred lines could be grouped into five
different clusters. The highest inter-cluster distance was observed between |
and II and the lowest inter-cluster distance was observed between clusters 11
and IV. Cluster III had maximum intra-cluster distance. However, the
differences were clearer for days to silking, cob diameter, number of
kernels/row, number of kernels/cob and grain yield/plant which had contributed
largely to the total genetic divergence. Cluster I had the highest mean values
for number of kernels/ear, plant height, days to maturity and grain weight/cob;
cluster III had highest mean values for number of kernels/cob, plant height and

days to maturity. Cluster IV had the highest mean value for days to silking and
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days to maturity, cob length and number of kernels/cob. Therefore, for the

improvement of maize, inbred lines should be selected from III and IV.

Combining ability analysis was carried out in a half diallel cross among six inbred
lines for grain yield and its contributing characters. The expression of all these
characters studied was found to be controlled by both additive and non-additive
genes. However, additive genetic effects were preponderance for the expression of
days to silking and days to maturity, and ear height, cob length and cob diameter,

number of kernels/cob and grain weight.

The results of the present investigation elucidated that for grain yield, number of
rows/cob, and ear height non-additive gene action was more important in
controlling their expression. Thus, the present results indicated that the genetic
improvement for the characters having additive genetic effects would be possible
through the exploitation of such gene effects and for the characters, the
predominance of non-additive genetic variance offered the scope for exploitation

of heterosis utilizing such gene action.

Among the inbred lines, Pi, P2, Ps and Ps were found to have good general
combiners for grain yield and other yield contributing characters. These inbred

lines can be used for the development of high yielding hybrids in maize.

Mean performance of heterotic crosses and SCA effects for different characters
showed a good association. Based on per se performance and SCA effects,
superior cross combinations PixP2, P1xP3, PixPs, PoxP3, PoxPs, P4xPs and PsxPs
can be selected as promising single cross hybrids. Among the parents, these
crosses P1xP», PoxPs, P4xPs and PsxPs were considered to be the most excellent for
exploitation of heterosis. After verifying the results of these promising hybrids

over environments, good performers can be selected for commercial utilization.



Summary = 160

Gene action of parents showed highly significant values of the components D,
Hi and H; indicated the importance of both additive and dominant gene effects

for the characters under study.

The value of h? which measures the dominant effect over all loci was
significant with significant environmental variance E for all the characters
which suggested the importance of dominance effect. As an indicator of the
relative frequency of dominant and recessive alleles in the parents, the F value
was found to be positive but significant for most of the characters, which
means either that no alleles exhibit dominance or else that the dominant and

recessive alleles are distributed equally among the parents.

In this study, the latter alternative may apply since the variances for H; and H»
were significantly different from zero. It may thus be concluded that the
dominant and recessive alleles of the related genes are distributed equally
among the parents. Since the mean dominance effect of the heterozygote locus
(h2) was significant, high heterotic effect values would be expected for most of
the traits among the crosses. The parameters E, an estimate of the genotypic
environmental variation and D, the additive genetic variance, were not different

from zero.

The parameter D, which may also include a portion of the additive x additive
epistatic variances as well as additive genetic variance itself, was significant for
grain yield. Dominance variance (H1) and corrected dominance variance (Hz) were
significantly different from zero. It may thus be concluded that grain yield is under

the dominance gene effect.

Graphical analysis revealed over dominance gene action for most of the
characters, whereas partial dominance gene action was recorded for cob length
and cob diameter and number of grains/cob. Partial dominance was indicated for

the inheritance of grain yield since the regression line of the Wr/Vr graph cut the
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Wr axis above the origin. With regard to grain yield, the parents P3 and Ps had

more dominant genes whereas Ps, P4, P> and Ps carried more recessive genes.

The following inferences are made on the basis of overall performance of the

maize inbred lines.

» Additive gene action with partial dominance was found for days to silking
and maturity, and cob length and diameter, number of kernels/cob and grain
weight under the situations.

» Over- dominance type of gene action was observed for days to tasseling and
plant height.

» Additive gene action for grain yield, number of rows/cob and cob height
changed to over-dominance.

» The best combinations on the basis of mean performance were P1xP2, P2xPs,
P4xPs and PsxPe.

» Parents P1, P2, Ps and Ps were found to be best parents. These parents may be
exploited in future breeding programs.

IL18 (Ps) had the highest number of kernels/cob and grain yield/plant
compared with the other parents and it is considered the best combiner to
improve the kernels and grain weight in plants, because it showed the highest

positive and significant GCA.

Better performing four crosses (P1xP4, P1xPs, P4xPs and PsxPs) can be utilized
for developing high yielding hybrid varieties as well as for exploiting hybrid

vigor. These crosses also need to be evaluated through multiplications.
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