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Assessment of Morphological, Biochemical and Molecular
Diversity in Zea mays L.

Radheshyam Sharma’ Dr. Arunabh Joshi™
(Ph.D. Research Scholar) (Major Advisor)

ABSTRACT

The present investigation was carried out with 20 diverse genotypes of Maize
(Zea mays L.) comprising hybrids, composites and land races for the assessment of
genetic diversity through morphological, biochemical (Isozyme) and molecular
(RAPD and ISSR) markers. The crop was raised during kharif, 2011 in randomized
block design with three replications at Instructional Farm of Rajasthan College of
Agriculture, Maharana Pratap University of Agriculture and Technology, Udaipur,
India. Observations were recorded for all 11 characters including grain protein

content.

Data so obtained were subjected to analysis of variance, genotypic variability
parameters, correlation, path coefficient analysis and genetic divergence analysis. For
biochemical characterization enzymes were extracted from young leaves (28 DAS) to
develop zymograms. Similarly for molecular analysis, DNA was isolated in seedling
stage (21-25 DAS) and used as a template for PCR amplification using 16 RAPD and
10 ISSR primers.

Analysis of variance revealed significant genetic variability among the
genotypes for all the 11 characters including grain protein content. Test weight, grain
yield per plant, grains per cob, grains per row and harvest index revealed high genetic
gain along with high estimate of heritability and GCV indicating that selection could
be practiced for improvement. Correlation coefficient revealed close association at
genotypic and phenotypic level. Grain yield per plant was strongly correlated with
days of 50% flowering, days of maturity, cob length, grains per cob, cob girth, grains
per row and harvest index. Path coefficient analysis indicated that harvest index,
biological yield and grains per row exhibited significant direct effect on seed yield in

maize.
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On the basis of various variability parameters selection for harvest index,
biological yield and grains per row appeared the most important contributing
characters for enhancing the productivity. Genotypes HQPM-1, HQPM-5 and EQH-
63 were superior for most important yield and quality characters and could be
gainfully utilized in breeding programmes. Further, through genetic divergence
analysis all the 20 genotypes were classified into six divergent clusters. Inter-cluster
distance ranged from 22.12 to 91.55. Maximum contribution to genetic divergence

was again through test weight, harvest index, grains per row and plant height.

In isozyme analysis, a total of 8 putative isozyme alleles were generated by
three enzyme system viz. esterase, peroxidase and superoxide dismutase. Superoxide
dismutase isozyme showed 63% polymorphism and rest two were monomorphic for
all alleles. Jaccard’s Similarity Coefficient lies from 0.88 to 1.00 and all the genotypes
were mainly divided into two clusters. Genetic diversity and distance derived from
isozyme analysis were very low due to the small number of polymorphic alleles.

Molecular characterization using RAPD and ISSR marker were revealed high
polymorphism upto 73.41 and 86.44 respectively. RAPD and ISSR similarity matrix
data revealed that the similarity indices for different genotypes ranged from 0.34 to
0.87 with an average 0.57, again indicating a very high level of genetic similarity
among the genotypes. Based on dandrogram genotypes were mainly divided into two
major clusters.

Further, RAPD primer OPP-05 gave bright, constant and unique band of 1.2
kb in genotype HQPM-5 which was also further sequenced at Xeleris Pvt Ltd.
Ahmadabad and developed SCAR primer for further genetic improvement.

Based on morphological, biochemical and molecular analysis it was concluded
that various genotype of Z. mays L. included in the present study showed high genetic
diversity. Critical analysis of genetic variation among the genotypes revealed that
molecular markers can be precisely used in overcoming the environmental factors as
evident from the values so obtained in terms of variability. On the basis of per se
performance and all other parameters, HQPM-5, HQPM-1 and EQH63 turned out to
be high yielding lines with superior grain protein content. Therefore, these could be

gainfully utilized in maize improvement programmes.




1. INTRODUCTION

Maize (Zea mays L.), is one of the important cross-pollinated crops belongs to
the tribe Maydeae of the grass family Poaceae. The plant is native to South America.
Z. mays L. is the only species in the genus Zea with chromosome number 2n=20
(Bremer et al., 2003). Maize is widely cultivated in tropics, sub-tropics and temperate
regions. The suitability of maize to diverse environments is unmatched by any other
crop as it has a broad range of plasticity. Maize enjoy one of the highest yielding
among world’s major coarse cereal crops of its own nature, viz., efficient utilization of
radiant energy and fixation of carbon dioxide from the atmosphere. It is the third most
important crop consumed and utilized in different forms in the world after wheat and

rice.

The United States produces almost half of the world’s production while, other
major maize producing countries are China, Brazil, Mexico, France, Indonesia and
South Africa. India ranks fourth in maize production with 21.73 m t and fifth in area
of 8.55 m ha with a productivity of 26.81 g/ha as compared to world’s average 5.12
t/ha (Anonymous., 2012).

In India maize is known as “Queen of cereals” and is grown from latitude 58°
N to 40° S from sea level to higher than 3000 m altitude and in areas receiving yearly
rainfall of 250 to 5000 mm (Downsell et al., 1996). In India it is mainly grown in
Uttar Pradesh, Bihar and Rajasthan. The productivity of maize in Rajasthan is
approximately 17.46 g/ha which is less than national average. Composites occupy
significant area in our country but these are poor yielders. In Rajasthan, maize is
grown in arid to semi-arid condition in 9.6 lakh ha with a production of 16, 87,200
tonnes (Government of Rajasthan, 2011-12). Maize growing districts of Rajasthan are

Udaipur, Chittorgarh, Bhilwara, Banswara, Rajsamand and Ajmer.

Maize has multiple uses. The kernel contains about 77 per cent starch, 2 per
cent sugar, 9 per cent protein, 5 per cent oil, 5 per cent pentosan and 2 per cent ash on
a water-free basis. The ash of the kernel contains salts calcium, magnesium,
phosphorus, aluminium, iron, sodium, potassium and chlorine (Kadam et al., 2012).
Protein content in the maize genotypes varies and recently high quality maize protein

varieties were developed to increase the quality and quantity maize protein.



Maize is used primarily as a food for humans in most areas of the world,
whereas, in United States, about 85 per cent of the crop is used as cattle feed. Maize
grain is extensively used for industrial purpose in the preparation of corn starch, corn
syrup, corn oil dextrose, corn flakes, gluten, grain cake, lactic acid and acetone. With
the development of poultry and livestock industry, its consumption as animal feed has
also increased tremendously. It is used in the human diet in both fresh and processed
forms. Maize oil has high poly unsaturated fatty acid content and low in linoleic acid

(0.7%) and contains high level of natural flavor.

Knowledge about germplasm diversity and genetic relationships among
breeding materials could be an invaluable aid in crop improvement strategies
(Mohammadi and Prasanna, 2003). The genetic diversity is analyzed by using
morphological, biochemical as well as molecular markers. Most of the conventional
breeding programmes are based over evaluation and characterization through
morphological traits, which are largely affected by environmental fluctuations.
Similarly, biochemical traits/tools are also used which are also sensitive to the
analytical procedures. However, molecular tools hold the promise of allowing the
identification of genes involved in a number of traits including adaptive traits and
polymorphisms causing functional genetic variation. Molecular techniques for
detecting differences in the DNA of individual plants to examine variability amongst
cultivars are useful for identification of potential parental lines. These differences in
general are called molecular marker. DNA markers provide a direct measure of
genetic diversity and go beyond diversity based on agronomic traits or geographic
origin (Dreisigacker et al., 2005), thus help in better germplasm management and

develop more efficient strategies for crop improvement.

Genetic polymorphism in maize plants has been studied which helps in
distinguishing plants at inter- and/or intra-species level (Joshi et al., 2004). Different
molecular marker systems such as AFLP (Altintas et al., 2008; Tatikonda et al.,
2009), ISSR (Carvalho et al., 2009; Parvathaneni et al., 2011), RAPD (Kumar et al.,
2009) and SSR (Pagnotta et al., 2009; Zarkti et al., 2010; Zaher et al., 2011) have
been used. PCR based methods including randomly amplified polymorphic DNA
(RAPD) technique (Williams et al., 1990; Kumar et al., 2009) a most are popular
because of speed, low cost and the use of minute amount of plant material for

analysis. Similarly, inter simple sequence repeat (ISSR) marker is highly effective in



plant fingerprinting and phylogenetic studies (Vaillancourt et al., 2008). Easy
handling, reliability and high information levels are the features that justify the utility
of ISSR markers in DNA fingerprinting and genetic variability analysis (Malik et al.,
2010). RAPD markers are sensitive to PCR conditions hence, difficult to reproduce
and therefore preferentially converted to more specific sequence characterized
amplified region (SCAR) markers. SCAR primers are unique, efficient co-dominant

and reproducible (Hern&ndez et al., 2003).

Most maize diversity remains undescribed, poorly understood and under
utilized largely because of the difficulty of identifying useful genetic variants hidden
in the background of low yielding local varieties or lines (Tanksley and McCouch,
1997). Thus identification of existing diversity in maize genotype is crucial for plant
breeding programme. In recent years there has been a perceptible improvement in
maize production in India, however, production and productivity in India is relatively

less and lot of scope is there for improvement.

Considering the importance of maize in the State’s economy in terms of stable
area, production, productivity and its large consumption, the present study is proposed
using 20 diverse elite lines comprising hybrids, composites and land races to analyse
genetic diversity critically at morphological, biochemical and molecular level with the

following objectives:

1. Assessment of genotypic diversity through morphological and biochemical

characterization of Z. mays L. genotypes.

2. Analysis of molecular diversity using randomly amplified polymorphic DNA
(RAPD) and inter simple sequence repeat (ISSR) markers.

3. Development of sequence characterized amplified regions (SCAR) markers

for identification of closely related Z. mays L. genotypes, and

On the basis of assessment of above parameters superior entries were

identified for future maize breeding programmes.




2. REVIEW OF LITERATURE

Understanding the molecular basis of the essential biological phenomena in
plants is crucial for effective conservation, management and efficient utilization of
plant genetic resources. In particular, an adequate knowledge of genetic diversity is of
fundamental interest in basic science research as well as applied aspects like the
efficient management of crop genetic resources which is dependent on continuous
infusion of wild relatives, traditional varieties and the use of modern breeding
techniques. These processes require an assessment of diversity so as resistant and
highly productive varieties.

The assessment of genetic diversity within and between populations is
performed at molecular level using various laboratory-based techniques such as
allozyme or DNA analysis, which measure levels of variation directly. Genetic
diversity may also be gauged using morphological and biochemical characterization
and evaluation:

i.  Morphological characterization does not require expensive technology, instead
large tracts of land are often required for these experiments, making it possibly
more expensive than molecular assessment. These traits are often susceptible
to phenotypic plasticity conversely, this allows assessment of diversity in the
presence of environmental variation.

ii.  Biochemical analysis is based on the separation of proteins and their
characterization (specific banding patterns). It is a fast method which requires
only small amounts of biological material. However, only a limited number of
enzyme systems are available and the resolution of diversity is limited.

iii.  Molecular analysis comprises a large variety of DNA molecular markers,
which can be employed for analysis of variation with great precision. Different
markers have different genetic qualities (they can be dominant or co-dominant
can be amplified anonymous or characterized loci, can contain expressed or
non-expressed sequences etc.).

The available literature pertinent to present investigation primarily in maize

has been reviewed and presented under following heads:

1. Morphological characterization

2. Biochemical characterization



3. Molecular characterization, and
4. Development of sequence characterized amplified regions (SCARS)
marker
2.1 Morphological Characterization
Crop varieties show wide fluctuations in their yielding ability when grown
over varied environments or agro-climatic zones. Morphological variants within a
species are the most common of epigenetic changes that are easiest to identify.
Polymorphism in morphological characters is the most widely studied phenomena by
ecologists as well as taxonomists. The variations usually affect plant height, branches,
root morphology, multiplicity, variegation and pigmentation of leaves, scent and
colour of flower, number, shape and size of leaves. Each genotype has a specific
environment for its maximum performance and similarly in a specific environment, a
specific genotype performs better. This approach has limited use since it is difficult
to determine part of the genome that represents the characters, their genetic control
being complex or unknown in most cases due to interaction with the environment
(Smith and Smith, 1991). Therefore, polymorphic markers are needed for
identification of varieties, for estimation of genetic similarity among and between the
populations.
Maize is preferred in formal, scientific, and international usage. The maize
plant is on the average 2.5 m (meters) in height. The stem has the appearance of a
bamboo cane and is commonly composed of 20 internodes of 18 cm (7 inches) in
length. A leaf grows from each node, which is generally 9 cm (3.5 inches) in width
and 120 cm (4 ft) in length. Ears develop above a few of the leaves in the midsection
of the plant, between the stem and leaf sheath, elongating by ~ 3 mm/day, to a length
of 18 cm (7 inches) to 60 cm (24 inches) being the maximum observed in the
subspecies.
The female inflorescences, tightly enveloped by several layers of ear leaves
are commonly called husks. The apex of the stem ends in the tassel,
an inflorescence of male flowers. When the tassel is mature and conditions are

suitably warm and dry, anthers on the tassel dehisce and release pollen. Maize pollen

is anemophilous (dispersed by wind), and because of its large settling velocity, most
pollen fall within a few meters of the tassel. Elongated stigmas, called silks, emerge

from the whorl of husk leaves at the end of the ear. They are often pale yellow and



7 inches (178 mm) in length, like tufts of hair in appearance. At the end of each is a
carpel, which may develop into a "kernel" if fertilized by a pollen grain.

The pericarp of the fruit is fused with the seed coat referred to as “caryopsis”,
typical of the grasses, and the entire kernel is often referred to as the "seed". The cob
is close to a multiple fruit in structure, except that the individual fruits (the kernels)
never fuse into a single mass. The grains are about the size of peas, and adhere in
regular rows around a white, pithy substance, which forms the ear (maximum size of
kernel in subspecies is reputedly 2.5 cm. An ear commonly holds 600 kernels. They
are of various colors viz., blackish, bluish-gray, purple, green, red, white and yellow.
It lacks the protein gluten of wheat and, therefore, makes baked goods with poor
rising capability (Kadam et al., 2012). Young ears can be consumed raw, with
the cob and silk, but as the plant matures the cob becomes tough and the silk dries to
inedibility.

Yield is a complex polygenic character depending on number of characters
influenced by the genotype-environment interaction. The genetic improvement
primarily depends upon the nature and magnitude of variability in plants characters,
overall genetic diversity among genotypes and association between characters.
Therefore, it is necessary to analyze or examine the genetic diversity provided by the
gene pools and then harnessed for further crop improvement.

The literature on genetic diversity is reviewed under following headings:

i.  Genetic variability
ii.  Correlation and path coefficient analysis, and
iii.  Genetic divergence
2.1.1 Genetic Variability

Possibility of achieving improvement in any crop plants mainly depends on
the magnitude of genetic variability. Phenotypic variability expressed by a genotype
or a group of genotypes in any species can be partitioned into genotypic and
phenotypic components. The genotypic component being the heritable part of the total
variability, its magnitude for yield and its component characters influence the
selection strategies to be adopted by the breeders. Researchers collect the germplasm
from various agro-climatic regions and then evaluate and categorize them for genetic

variability. The search for individual differences plays a significant role in improving



yield and quality of the crop through searching of new and diverse genetic resources.
The psychology of individual differences can be studied by the concept of heritability.

Heritability is the proportion of phenotypic variance that is attributable to
genetic variation among individuals. Heritability is the extent to which individual
differences at genetic level contribute to individuals differences in observed behaviour
(phenotypic individual differences). Both genetic and environmental factors
contribute towards variation among individuals. Heritability plays a pivotal role in
analyzing estimate of relative contributions of differences in genetic and non-genetic
factors to the total phenotypic variance in a population. Phenotypic and genotypic
variance, heritability and genetic advance have been used to assess the magnitude of
variance in maize breeding material. Sharma et al. (1982), Saha and Mukherjee
(1985), Tyagi et al. (1988), Singh et al. (1991), Rahman et al. (1995), Umakanth and
Khan (2001), Srivas and Singh (2004), Abirami et al. (2007), Akbar et al. (2008) and
Khodadad et al. (2013) also recorded variations in their material of maize.

Prakash et al. (2006) performed a study to identify QPM (quality protein
maize) lines having high protein, oil and grain yield. Relative performance
and genetic behavior for 14 vyield and quality parameters were studied in 169
genotypes. The analysis of variance revealed significant variability for all the
agronomic and quality parameters. Among the fourteen characters studied,
the genetic advance as per cent of mean along with higher values of heritability, GCV
and PVC estimates was maximum for grain yield per plot and protein yield, indicating
that, the genetic variance for these two traits are probably due to their high additive
gene effects.

Ahmad et al. (2011) conducted an experiment to estimate the genetic
variability in 14 different maize genotypes. The results of analysis revealed that all the
characters like days to 50% pollen shedding, days to 50% silking, plant height, ear
height, 100 grain weight, harvest index and grain yield were significantly affected due
to various maize genotypes.

Idris and Abuali (2011) evaluated nine open-pollinated maize genotypes to
assess the magnitude of genetic variability for vegetative, yield and yield components
under field conditions. They found non-significant differences for most character
under study, except for plant height, stem diameter, rows per cob and ear length in the
first season and for days until 50% flowering and 100-seed weight in the second

season. Data recorded for heritability showed that stem diameter had maximum



heritability (67.02%) in the first season while the maximum heritability (84.57%) was
recorded for days to 50% flowering in the second season. The study revealed
considerable amount of diversity among the tested populations which could be
manipulated for further improvement in maize breeding.

Atif and Mohammed (2012) observed significant variability for plant height,
stem diameter, rows number and ear length in diverse maize lines during the first
season 2007/08 and for days to 50% flowering and 100-seed weight during the second
season 2008/09. Data recorded for heritability showed that days to 50% flowering had
maximum heritability (79.1%) while the minimum heritability (4.46%) was recorded
for 100-seed weight. The study revealed considerable amount of diversity among the
tested populations which could be manipulated for further improvement in maize
breeding.

2.1.2 Correlation and Path Coefficient Analysis

It is assumed that yield is a contribution of several characters which are
correlated among themselves and to the yield. Correlation coefficient, which measures
the extent of their relationship, indicates the strength and direction of a linear
relationship between two random variables. It is a measure of the mutual relationship
between various plant characters and determines the components on which selection
can be based for improvement. The correlation refers to the departure of variables
from independence, in broader sense there are several coefficients, measuring the
degree of correlation, as specifically adapted to the nature of data. The association of
characters may be due to either linkage or pleotropy. The knowledge of correlation
that exists between important characters may facilitate proper interpretation of results
and provide a basis of planning more efficient programmes.

The extent of observed relationship between two characters is known as
phenotypic correlation. Genotypic correlation, on the other hand, is the inherent
association between characters. The knowledge of interrelationship of various
components on yield is used for different situations. The best known is the Pearson
product-moment correlation coefficient, which is obtained by dividing the covariance
of the two variables by the product of their standard deviation. The correlation
concept was elaborated by Fisher and Yates (1963). The main results of the

correlation is known as correlation coefficient and denoted by the symbol “r” which



ranges from -1.0 to 1.0. The closer r is to +1 or -1, the more closely the two variables
are related. For no relationship between the variables, the value of r is close to 0.

Yield is a contribution of several characters which are correlated among
themselves and to the yield, path coefficient analysis was developed (Wright, 1921).
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 better means for selection by resolving the correlation
coefficient of yield and its components into direct and indirect effects.

Work done pertaining to correlation and path coefficient analysis in maize was
earlier reported by Singh et al. (1999), Vaezi et al. (2000), Guang Cheng et al. (2002),
Viola et al. (2003), Patel et al. (2005), Abirami et al. (2007), Akbar et al. (2008), and
Mahesh et al. (2013).

Umakanth and Khan (2001) observed in diverse maize lines 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, and ear length and ear
circumference showed maximum positive direct genotypic effects as well as indirect
contribution through other characters on grain yield.

Ei-Shouny et al. (2005) showed grain yield per plant in maize correlated
positively and significantly with ear diameter, ear length, kernels per row, 100-kernel
weight, rows per ear, ear height, plant height and days to silking under normal
planting date and with kernels per row, ear diameter, 100-kernel weight, ear length,
rows per ear, ear height and days to silking under late planting date.

Sumathi et al. (2005) observed the genotypic correlation of ear weight, rows
per ear, kernels per row, and kernels per ear were positively associated with grain
yield in maize genotypes. Oil per cent exhibited negatively non-significant correlation
with grain yield, whereas it showed positive association with rows per ear only. Path
coefficient analysis revealed that kernels per row showed high direct effect on grain
yield followed by 100-seed weight, rows per ear and total kernels per plant.

Wali et al. (2006) revealed that grain yield was positively associated with
plant height, ear length, ear circumference, kernels per row, fodder yield per plot and

100-grain weight, but was negatively correlated with number of days to 50% silking



at the phenotypic and genetic levels in Z. mays. The grain yield per plant was
positively associated with plant height, ear length, ear circumference, kernels per row,
fodder yield per plot and 100-grain weight at the phenotypic and genetic levels.

Heping et al. (2006) studied 42 maize inbreeds to assess the genetic variability
parameters. Results showed that grain yield was significantly correlated with plant
height, ear diameter, 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, and ear length and grain production rate.

Abirami et al. (2007) indicated that grain yield showed positive association
with oil and protein content. Path analysis showed that weight of the cob contributed a
maximum direct effect to grain yield. It was implied that selection for weight of the
cob would be highly effective for improvement of grain yield.

Sofi and Rather (2007) reported that the genotypic correlation coefficient
revealed that ear diameter, 100-seed weight, ear length, kernel rows per ear and
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
kernels per row, kernel rows per ear, ear length and ear diameter.

Akbar et al. (2008) noticed in 32 maize genotypes that plant height had highly
significant genotypic and phenotypic association with cob height and days to 50%
tasseling with days to 50 per cent silking. All traits had significant genotypic
association but not significant phenotypic association with grain yield.

Oktem (2008) showed a significant and positive correlation with single ear
weight, ear length and ear diameter in maize. Ear length gave highest direct positive
effect on fresh ear yield, followed by single ear weight. Plant height and stem
diameter had negative direct effect on fresh ear yield. Direct effects of ear length,
single ear weight, plant height and stem diameter on fresh ear yield were 42.3%,
31.3%, 31.0% and 17.7%, respectively.

Vaghela et al. (2009) studied the genotypic and phenotypic correlation of
baby corn yield with different yield components, estimated from 54 diverse genotypes
of maize (Zea mays L). The genotypic correlation coefficients were similar in
direction of phenotypic correlation and higher in magnitude than phenotypic

correlation coefficient.



2.1.3 Genetic Divergence

The assessment of genetic diversity using quantitative traits has been of prime
importance in many contexts, particularly, in differentiating well defined populations.
To help the breeder in the process to identify the parents that nick better, several
methods of divergence analysis based on quantitative traits have been proposed to suit
various objectives. These methods are measures of dispersion, components of genetic
variances, metroglyph analysis and D? analysis. Among them, Mahalanobis’s
techniques based on the multivariate has been observed to be a good method of
genetic stocks into various genetically diverse groups or clusters and making
meaningful interpretation about genetic divergence in the germplasm. Genetic
divergence analysis was carried out in maize lines by Castanon et al. (1999), Yin et
al. (2004), Singh et al. (2005), Liu et al. (2006), More et al. (2006), Chen et al.
(2007), Ganesan et al. (2010) and Khodadad et al. (2013).

Yin et al. (2004) studied cluster analysis for various plant traits (including
plant height, ear height, tassel length, stem diameter, ear length, ear diameter, rows,
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 for
various yield attributes including 50% tasselling, 50% silking, plant height, cob
height, days to maturity, cob girth, cob length, rows per cob, 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 Il and VI and the lowest distance between
clusters | and 1V. The cluster means were higher for 50% tasselling, 50% silking,
plant height, cob height, cob length, grains per row and 100-grain weight in cluster
IV; for cob girth, days to maturity and rows per cob in cluster Il; and for grain yield

per plant in cluster 111 followed by cluster II.



Liu et al. (2006) studied 24 maize varieties for various quantitative traits and
reported that cumulative contribution percentage of 7 principal components
(morphology and vyield factor, growth duration factor, rows/ear factor, low yield
factor, oil content factor, protein content factor and ear length factor) to variation
reached 83.14 per cent. Based on the analysis for each principal component vector,
the introduced 24 varieties were grouped into 6 clusters.

More et al. (2006) studied 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 1l was the largest with 25 genotypes followed by cluster Il with 11
genotypes and cluster | with 5 genotypes. The clusters 1V, V, VI and VII were
monogenotypic. The maximum inter-cluster distance was observed between clusters |
and VI followed by distance between clusters I and IV and clusters | and V. Clusters
V and VI exhibited the minimum inter-cluster distance.

Chen et al. (2007) used 186 maize hybrids for genetic divergence and
classified into ten clusters, with 88.20 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. 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.

Gautam (2008) reported the genetic divergence using D?statistic of 135
populations of maize (Zea mays L.) from different agro climatic situations and
revealed existence of considerable diversity. The populations were grouped into 15
clusters. The cluster Il was the largest containing 24 populations followed by cluster
IV and | with 22 and 20 entries, respectively. The grouping of populations in cluster
did not show any relationship between genetic divergence and geographic diversity.

Nehvi et al. (2008) observed high genetic divergence among 50
local maize cultivars through multivariate analysis following D’ statistics. Cultivars
were grouped into eight distinct clusters. Intra and inter cluster distances among the
groups were determined and analyzed with respect to cluster means. Maximum inter-
cluster distance was recorded between cluster 6 and cluster 7. Cluster mean analysis
indicated that the clusters containing solitary cultivars mostly differed for all the traits
barring ear length. Ear length followed by grain yield contributed maximum to the

divergence. Tremendous potential exists for introgression of allelic resources present



in these adopted local cultivars into existing potential high yielding composites for
recovery of high yield in recombinants.

Patel et al. (2009) conducted an experiment with 54 composites/hybrids baby
corn genotypes. The data on baby cornyield and its attributes were subjected to
Mahalanobis (1936) D?analysis using Tocher method for clustering. The results
indicated that the varieties were distributed in seven clusters of which cluster V had
maximum intra-cluster distance (14.89) and minimum in cluster VI (5.45). The
composites/hybrids belonging to clusters V and VI were all from same geographical
region. The inter-cluster distance ranged from 16.03 (clusters Il and VI) to 60.05
(clusters 1V and VII). Among clusters, variation was higher in green fodder yield, ear
height, plant height and baby corn yield. Plant height and ear height were found to be
the most important characters contributing to the total genetic divergence.

Ganesan et al. (2010) assessing the genetic diversity for 105
adapted maize germplasm lines were subjected to Mahalanobis D? analysis based on
four characters viz., plant height, cob height, cob length and kernel rows per cob in
order to assess the genetic divergence among them. The analysis grouped the
genotypes into four clusters. The percent contribution of each trait for
total divergence revealed the highest contribution from plant height followed by ear
length, kernel rows per cob and ear height. The maximum intra-cluster distance was
observed in cluster Il followed by cluster | and 1V. The highest inter cluster distance
was observed between cluster 111 and cluster IV followed by cluster I and Il
indicating greater variability in genetic make up of the genotypes included in these
clusters. Based on inter cluster distances, genotypes present in the clusters viz., I, 1l
and IV are advisable to be used as parents for hybridization programme to develop
heterotic hybrids in maize.

Yadav and Singh (2010) studied a set of maize inbred lines to compare how
morphological and physiological characterization and RAPD molecular markers
described variety relationships. All the inbred lines were confirmed as
morphologically and physiologically distinct. At morphological level the maximum
genetic distance (10.8) and least genetic distance (1.6) were found. For physiological
characters, distance varied from 0.35 to 1.92 and results from dendrogram, which was
made on the basis of dissimilarity matrix, were grouped into five major clusters. For

RAPD, random primers provided polymorphic amplification products; the distance



varying from 0.42 to 0.65. The dendrogram showed that these lines formed close
clusters due to less variation in these lines at molecular level.

Reddy et al. (2012) evaluated genetic divergence among 50 genotypes
of maize as estimated by using Mahalanobis D?statistic for 11 characters. The
genotypes were grouped into eight clusters. Cluster Ill was the largest with 20
genotypes followed by cluster | (12 genotypes), cluster Il (8 genotypes), cluster IV (4
genotypes), cluster VIII (3 genotypes) and cluster V, VI and VII containing one
genotype each. Based on the inter-cluster distances, genotypes present in clusters I, II,
IV, V, VI and