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. INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is one of the most popular
and widely grown vegetables in the world. It is a very versatile vegetable
for culinary purposes. Ripe tomato fruit is consumed fresh as saladg and
consumed after cooking and utilised in the preparation of range of
processed products such as puree, paste, powder, ketchup, sauce, soup
and canned whole fruits. Unripe green fruits are used for preparation of
pickles and chutney. Tomatoes are important source of lycopene (an
antioxidant), ascorbic acid and B-carotene and valued for their colour

and flavour.

In India, tomato ranks second among vegetables next only to
potato in area and production. It occupies an area of 3.5 lakh hectares
with an annual production of 53 lakh metric tonnes accounting to an
average productivity of 15.4 tonnes per hectare (Anon., 1999). In
Karnataka, tomato occupies an area of 39,617 hectare with an annual
production of about 8,28,725 tonnes and an average productivity of

20.91 tonnes per hectare {Anon., 2001)

Tomato belongs to the family Solanaceae and is native of Peru -
Equador region (Rick, 1969). The genus Lecopersicon consists of annual
or short lived perennial herbaceous plants. Tomato is a typical day

neutral plant and it is mainly self pollinated, but a certain percentage of
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cross-pollination also occurs. It is a warm season crop reasonably
resistant to heat and draught and grows under wide range of soil and

climatic conditions.

Considering the potentiality of this crop, there is a prime need for
improvement and to develop varieties suited to specific agro-ecological
conditions and also for specific end use. A thorough knowledge regarding
the amount of genetic variability existing for various characters of the
crop is essential for initiating the crop improvement programme. With
limited variability nothing can be achieved and the breeder will have to
enrich the germplasm or he can resort to create greater variability by

hybridisation, mutation and polyploidy breeding.

The phenotypic expression of the plant characters is mainly
controlled by the genetic makeup of the plant and the environment, in
which it is growing and the interaction between the genotype and
environment. Further, the genetic variance of any quantitative trait is
composed of additive variance (heritable} and non-additive variance (non-
heritable), which include dominance and epistasis (non-allelic
interaction). Therefore, it becomes necessary to partition the observed
phenotypic variability into its heritable and non-heritable components
with suitable parameters such as phenotypic and genotypic coefficient of
variation, heritability and genetic advance. Further, genetic advance can

be used to predict the efficiency of selection.



Yield is a complex character controlled by a large number of
contributing characters and their interactions. A study of correlation
between different quantitative characters provides an idea of association
that could be effectively exploited to formulate selection strategies for
improving yield and quality of a crop. In order to have more clear picture
of yield components for effective selection programme, it wé)uld be
desirable to consider the relative magnitude of association of various
characters with yield. The path coefficient technique developed by Wright
(1921} helps in estimating direct and indirect contribution of various
components in building up the total correlation towards yield. On the
basis of these studies the quantum importance of individual characters

is marked to facilitate the selection programme for better gains.

Commercial F; hybrids are very common in tomato and selection of
newer parents for higher heterosis is a continuous process. Generally
diverse plants are expected to give high hybrid vigour (Harrington, 1940)
and hence, it necessitates study of genetic divergence among the existing
varieties and germplasm collection for identification of more heterotic
parents for hybridisation programme. The information on genetic
divergence of various traits particularly of those that contribute to yield
and quality would be most useful in planning the breeding programme.
D? statistics developed by Mahalanobis (1936) provides a measure of
magnitude of divergence between two groups under comparison. It

considers the variation produced by any character and their consequent
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effect that it bears on other characters. The technique was first used by
Mahalanobis in an anthropometric survey of the united province in India.
This technique has been applied in several crops to select genotypes for
further breeding programmes. Grouping of genotypes based on D2
analysis will be useful in choosing suitable parental lines for heterosis
breeding. Such studies are also useful in selection of parents for
hybridisation to recover superior transgressive segregants and it can
further result in to release of improved open pollinated varieties for

commercial cultivation.

Therefore, the present investigation on “genetic variability and
divergence studies in tomato” was under taken involving popular

varieties and freshly developed lines with the following objectives.

1. To study the nature and extent of genetic variability and

divergence in tomato germplasm for yield and yield parameters

2. To study the nature and extent of genetic variability and
divergence in tomato germplasm for growth, earliness, flowering

and quality parameters, and

3. To study the association of growth, earliness, yield and quality

parameters in tomato germplasm.
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Il. REVIEW OF LITERATURE

Literature on genetic variability, correlation, path coefficient
analysis and genetic divergence in tomato is reviewed in this chapter and
presented under different headings. As the relevant literature on some of
these aspects is inadequate in tomato, efforts were made to include work

done in other related crops on these aspects.

2.1 GENETIC VARIABILITY

The success of a breeding programme depends upon the extent
and magnitude of variability existing in the germplasm. Variability may
be defined as the amount of variation present among the members of a
population or species for one or more characters at genotypic or
phenotypic levels. A comprehensive summary of methods for estimating
genetic variance is presented by Cockerham (1963). Phenotypic
variability is observable and includes both genotypic and environmental
variation and therefore, also called as total variation. Genotypic variation
refers to genetic or inherent variability, which remains unaltered by
environmental conditions. It is measured in terms of genotypic variance
and consists of additive, dominance and epistatic components.
Environmental variance is measured in terms of error mean variance.

Genotypic coefficient of variability (GCV) and phenotypic coefficient of



variability (PCV) are derived from standard deviation divided by mean

and are used to assess the extent of variation.

Heritability is the transmissibility of characters from parents to
offspring. Heritability in broad sense is the ratio of genotypic variance to
total phenotypic variance generally expressed in percentage.
Effectiveness of selection of genotypes depends on heritability. Genetic
advance (GA) is the improvement over the base population that can
potentially achieved from selection. It is a function of the heritability of
the trait, the amount of phenotypic variation and the selection
differential that, the breeder uses. When high heritability is accompanied
with high genetic advance, it indicates additive gene effects and selection
may be effective, when low heritability is accompanied with low genetic
advance, it indicates predominance of environmental effects and
selection would be ineffective. High heritability with low genetic advance
indicates the importance of non-additive gene action, while low
heritability with high genetic advance indicates the importance of

additive gene effects.

Variaﬁih'ty for growth, earliness, yield and yield components in
tomato has been reported by several workers. The review of literature on
variance and its components, heritability, genetic advance and genetic
advance over mean for various characters are presented in tabular form

as under (Table-1).
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22 GENETIC DIVERGENCE

For getting high heterosis or for recovering transgressive
segregants, parents choosen for hybridisation need to be genetically
diverse or distant. The cultivars from widely separated localities have
been usually included in the hybridisation programme, presuming the -
presence of genetic divergence and maximum likelihood of recovering
promising segregants. As per expectations, this has not yielded very
satisfactory and consistent results. Eco-geographical diversity has been
regarded as a reasonable index of genetic diversity (Vavilov, 1926; Moll et
al., 1962 and Ram and Panwar, 1970). However, it was reported later
that, there does not exist any parallelism between geographic
distribution and genetic diversity (Sachan and Sharma, 1971 and Peter,

1975 in tomato).

Multivariate analysis have been put to good use enabling
quantification of degree of divergence between populations (Michener and
Sokal, 1957; Morishina and Qka, 1960 and Murty and Qadri, 1966).
Several methods of divergence analysis based on quantitative traits have
been proposed to suit various objectives, of which, Mahalanobis’s
generalised distance (Mahalanobis, 1936) occupy a unique place in plant
breeding. It is a very sensitive and potent biometrical tool in quantifying
the degree of divergence between biological populations and also to

assess the relative contribution of different components to the total



19
divergence both at inter- and intra-cluster levels (Nair and Mukherjee,
1960; Khanna and Misra, 1977; Suyambhulingam and Jobarani, 1978
and Singh and Singh, 1980}. The concept of Mahalanobis’s D2 statistic is
based on the technique of utilising the measurements in respect of
aggregate of characters. The D? statistic as a measure of genetic
divergence was used for the first time in the field of plant breeding by
Nair and Mukherjee (1960) in the classification of natural and plantation
teak. The relative studies on the analysis of genetic divergence in tomato
are just countable and those which have been published are reported

here along with similar studies on other related vegetable crops.

Sachan and Sharma (1971) while studying genetic divergence in 20
varieties of tomato from diverse geographical sources reported
substantial divergence of an indigenous material ‘Jaipuri’ from both
exotics and other indigenous stocks and established its utility for
hybridisation programmes. Tomato genotypes were grouped into four
clusters and it was also concluded that, genetic divergence was not
found to be related with geographic diversity in this crop. In the relative
ranking of different components of D?, the authors found that, the
maximum contribution to the total divergence was by stem length,
followed by number of branches, number of inflorescence and number of

fruits per plant, in that order.
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Khanna and Misra (1977) studied S0 varieties with respect to the
taxonomic distance between them using the Mahalanobis’s D? technique
and grouped them into 10 clusters on the basis of intra- and inter-
cluster similarity with respect to plant height, fruit number per plant, .
number of branches, number of locules, number of days to ﬂoyvering,
total soluble solids and plant height. The authorsfound that, total soluble
solids, locule number and fruit number per plant were the major

contributors to the divergence.

Bhattacharya et al (1979) attempted to know the species
differentiation in tomato based on the results of genetic divergence by D2
analysis using 50 tomato genotypes comprising of 4 wild collections and
rest of them were common cultivars belonging to different geographical
areas and were evaluated for 17 characters. Genotypes were grouped into
16 clusters on the basis of relative magnitude of D2 values. The four wild
collections of which three belonging to Lycopersicon peruvianum and one
to Lycopersicon pimpinellifolium were grouped into three distant clusters,
which were highly diverse from all the other clusters comprising only the
cultivars of Lycopersicon esculentum Mill. The major contribution to the
divergence was by the fruit number per plant which helped in species
differentiation. Shape index was useful for varietal differentiation in the

Lycopersicon esculentum Mill.



Singh and Singh (1980) studied 21 Indian and 9 foreign varieties of
tomato using Mahalanobis’s D2 statistic. Maximum divergence resulted
from number of fruits per plant followed by fruit size and number of
primary branches per plant. The varieties were grouped into 8 clusters.
There was no parallelism between genetic divergence and geographic

distribution of the lines.

Chaurasia and Majorsingh (1998) evaluated 71 genotypes during
1993-94 and 1994-95. Based on Mahalanobis’s D2 values, genotypes
were grouped into 9 clusters in 1993-94 and 10 clusters in 1994-95.
Fruit weight showed maximum contribution to the genetic diversity in
both years followed by plant height, considering the cluster distances
and cluster means the genotypes KS-7, DVRT-2, Antey and PS-1 were

recommended as potential parents for hybridisation.

Dharmatti et al, (2001) studied genetic divergence for 402 summer
tomato lines using multivariate analysis method. The 402 lines were
grouped into 4 clusters based on similarities of D2 values. Considerable
diversity within and between the clusters were observed and the
characters like tomato leaf curl virus resistance, fruit yield per plant and

number of white flies per plant contributed maximum to the divergence.

Parthasarathy and Aswath (2002) studied genetic divergence
among 23 tomato genotypes. These genotypes were grouped into 5

clusters based on the characters like average yield, medium fruits with

21
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average yield, medium fruits with average fruit number (cluster 1), more
fruit number of cherry type with tall plants (cluster 2), plants which were
high yielders with medium fruit weight (cluster 3}, vigorous plants with
very small fruits of Lycopersicon pimpinellifolium (cluster 4) and high
yielders with good fruit size (cluster 5). Cluster 4 showed hjgh inter-
cluster distance with all the groups. For high yield with good fruit size
and maximum number of fruits, crosses involving cluster 3 and 5 were
recommended. Peter and Rai (1976} reported that, plant height and
locule number greatly contributed to diversity. Sachan and Sharma
(1971) found that, plant height, number of branches and number of

fruits contributed for divergence.

Pramanick et al. (1992) studied genetic divergence in 38 lines/
varieties of eggplant collected from different sources for 18 characters.
On the basis of D? values, 38 genotypes were grouped into 9 clusters
which were homogenous within and heterogenous between. Minimum
intra-cluster divergence was observed betweer; genotypes falling in
cluster VI and maximum divergence was observed in cluster III. The
maximum inter-cluster divergence was observed between cluster I and
IX. The clustering pattern showed different behaviour irrespective of their
geographical locations. On the basis of the mean performance of different

clusters, varieties having acceptable yield were placed in clusters I and II.
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Thambe et al. (1993) studied divergence on the basis of D? analysis
for 25 brinjal varieties and were grouped into 5 clusters with substantial
genetic divergence between them. Cluster E had ten entries, cluster A
had seven entries, cluster B had four entries and cluster C and D had
two entries each. The maximum inter-cluster distance was observed
between clusters D and E (57.58), while minimum distance was recorded
between cluster A and B (16.35). The cluster mean for the character yield
per plot was the highest in the cluster D (37.13 kg) and the lowest in
cluster E (28.427 kg). The geographical distribution did not follow
clustering pattern of these entries. A suitable hybridisation programme

has been suggested on the basis of clustering pattern and cluster means.

Behera et al. (1999) studied genetic diversity in Solanum spp. for
resistance to shoot and fruit borer using D? analysis by Tocher’s method.
Altogether, 4 clusters were formed. The genotype Solanum indicum
appearing in cluster III was highly resistant and the genotypes Solanum
gilo, Solanum incanum and Seolanum anomolum appearing in cluster 1
were resistant. The cultivars of Solanum melongena, Pusa Purple Cluster,
Bhagyamathi, Annamalai, APAU-4, Nurki and Singhnath forming cluster
IV were moderately resistant and Pusa Kranti and Aushey of cluster II

were susceptible to Leucinodes orbonalis.

Rameshbabu and Patil (2002) studied genetic divergence for 20

characters in a collection of 90 brinjal genotypes using Mahalanobis’s D?
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statistics. These 90 genotypes were grouped into 7 clusters on the basis
of relative magnitude of D2 values. The maximum contribution towards
the total genetic divergence was from yield per plant. It has been
observed that, no close correspondence is evident between geographical
distribution and genetic divergence as estimated by D? statistic.s‘ The
maximum intercluster distance was observed between cluster IV and VII,

while minimum was recorded between III and IV.

2.3 CORRELATION STUDIES

Correlation study measures the natural relationship between
varioﬁs characters and helps in determining the component characters
on which selection can be based for yield improvement. Correlation
coefficient measures the degree of association either in positive or
negative direction. Phenotypic correlation is the observable correlation
between two variables, which includes both genotypic and environmental
effects. Genotypic correlation on the other hand, is the inherent
association between two variables and it may be either due to pleotropic
action of genes or linkage or both. Environmental correlation arises
entirely due to environmental effects. Review of literature on correlation

studies are presented in Table-2.
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24 PATH ANALYSIS

The implication of correlation studies becomes more evident when
correlations are partitioned in to it’s components in path analysis to
determine the relative magnitude of various attributes contributing to
correlation. Path analysis is simply standardised partial regression
coefficient, which splits the correlation coefficients into the measures of
direct and indirect effects of a set of independent variables on the
dependent variable. Partitioning of the total correlation in to direct and
indirect effects would be worthwhile for an effective selection programme.
If the correlation coefficient between a causal factor and the effect is
almost equal to its direct effect then, correlation explains the true
relationship and a direct selection through this trait will be effective. If
the correlation coefficient is positive, but the direct effect is negative or
negligible, the indirect effects seem to be cause of correlation. In such
situations, the indirect causal factors need to be considered
simultaneously for selection. Correlation coefficient may be negative but
the direct effect can be positive and high, under these circumstances, a
restriéted simultaneous selection model is to be followed, i.e., restrictions
are to be imposed to nullify the undesirable indirect effects in order to
make use of the direct effects (Singh and Kakar, 1977). Review of
literature on path analysis in tomato and other related crops is presented

in tabular form as under (Table-3).
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MATERIALAND METHODS



. MATERIAL AND METHODS

Field experiment on “Genetic variability and divergence studies in
tomato” was undertaken during the year 2002-2003. The details of the

materials used and techniques adopted are presented in this chapter.

3.1 EXPERIMENTAL SITE

The experiment was conducted in the Olericulture Unit (Plate-1} of
Kittur Rani Channamma College of Horticulture, Arabhavi, Belgaum
district, Karnataka. The soils of the expenmental site comprised of
medium deep black. The chemical properties of the soils are presented in

the Appendix-I.

3.2 LOCATION AND CLIMATE

Arabhavi is situated in northern dry zone of Karnataka state at
16°15’ north latitude, 75°45’ east longitude and at an altitude of 612.03
metres above the mean sea level. Arabhavi, which comes under zone-3 of
region-2 of agro-climatic zones of Karnataka, has the benefits of both
south-west and north-east monsoons. The average rainfall of this area is
about 530 mm giistributed over a period of five to six months (May to

October} with peak (85.60 mm) during August.

The command area receives water from Ghataprabha Left Bank

Canal from mid-July to mid-March. During the experimental period, the



Plate 1. General view of the experimental site



meteorological data recorded at meteorological observatory of the

Agricultural Research Station, Arabhavi is presented in Appendix-II.

3.3 DETAILS OF EXPERIMENT
3.3.1 Entries

Present study was carried out with sixty-seven entries comprising
of seven open-pollinated varicties developed by Public Sector
Organisations and nine entries collected from different institutes and
fifty-one entries developed at Kittur Rani Channamma College of

Horticulture, Arabhavi.

List of the entries with their salient features are presented in the

Table-4.

34 LAYOUT OF THE EXPERIMENT

The experiments were laid out during Rabi 2002-2003 with sixty-
seven genotypes in randomised complete block design with three
replications. The experimental field was brought to fine tilth by repeated
ploughing. Farmyard manure was incorporated into soil at the rate of 20
tonnes per hectare. Ridges were opened with a distance of 75 cm.
Healthy and uniformm seedlings were transplanted on one side of the
ridges with a spacing of 60 cm between the plants. Regular irrigation and

hand weeding operations were carried out. Three weeks after
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transplanting, plants were supported with bamboo poles tied with
galvanised wire and tying of vines to wire was regularly carried out.
Other operations including plant protection measures, which are not

specified, were carried out as per recommended package of practices of
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University of Agricultural Sciences, Dharwad (Anon., 2002). General view

of experimental plot is presented in Plate-1.

3.4.2 Fertiliser application

Fertilisers (115 kg N, 100 kg P20s and 60 kg K2O/ha) were applied
uniformly to all genotypes. Half dose of the nitrogen and full dose of
phosphorous and potassium were applied before transplanting of
seedlings and remaining 50 per cent of nitrogen was applied four weeks

after transplanting.

3.4.3 Experimental plot size

In each plot, there were eleven plants (in a row). The total area of

experimental site was 1100 m2.

3.5 OBSERVATIONS RECORDED

Five randomly chosen plants in each replication of each entry were
labelled and used for recording the observations. The mean of five plants
was taken for analysis. The characters studied and techniques adopted

to record the observations are given below.



3.5.1 Growth parameters
3.5.1.1 Plant height (cm)

The height of the plant was measured from ground level to the tip

of the plant at 30, 60 and 90 days after transplanting {(DAT).

3.5.1.2 Plant spread in East to west (cm)

The spread of the plant was measured from east to west direction

of the plant at 30, 60 and 90 DAT.

3.5.1.3 Plant spread in north to south (cm)

The spread of the plant was measured from north to south

direction of the plant at 30, 60 and 90 DAT.

3.5.1.4 Plant canopy (cm?)

The canopy of the plant was calculated by multiplying the plant
spread in east to west with north to south direction at 30, 60 and 90

DAT.

3.5.1.5 Number of primary branches per plant

Number of primary branches on main stem was counted at 30, 60

and 90 DAT.
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3.5.1.6 Stem girth (cm)

The girth of the main stem at ground level was measured using
vernier calliperse at 30, 60 and 90 DAT.
3.5.2 Flower parameters
3.5.2.1 Number of flowers per cluster

Number of flowers per cluster was recorded by counting five flower
clusters in each of five tagged plants at peak flowering stage and

average was worked out.

3.5.2.2 Length of the flower (cm)

Length of the flower was measured in five randomly selected
flowers in each of five tagged plants at peak flowering stage and average

was worked out.

3.5.2.3 Breadth of the flower (cm) '

Breadth of the flower was measured in five randomly selected
flowers in each of five tagged plants at peak flowering stage and average

was worked out.



3.5.3 Earliness
3.5.3.1 Days to first flowering

Number of days taken from the date of transplanting to date of first
flower opening was counted.
3.5.3.2 Days to 50 per cent flowering

Number of days were counted from the date of transplanting to 50
per cent of plants flowered.
3.5.3.3 Days to first fruit set

Number of days were counted from the date of transplanting to
first fruit set (pea grain size).
3.5.3.4 Days to first fruit maturity

Number of days were counted from the date of transplanting to
first fruit attaining physiological maturity (turning stage).
3.5.4 Yield parameters
3.5.4.1 Per cent fruit set

Ten flowers from each of five plants tagged were tied with thread.
After seven days, set fruits with threads were counted and per cent fruit

set was worked out using following formula.

43



Number of fruits carrying thread x 100

Pe t fruit set =
reen se Total number of flowers tagged

3.6.4.2 Number of fruits per cluster

Number of fruits per cluster was noted from randomly selected five

clusters in each of five tagged plants and average was worked out.

3.5.4.3 Number of fruits per plant

Number of fruits harvested from five tagged plants at each picking
(harvest) was counted and total number of fruits per plant was computed
by adding number of fruits of all harvests and dividing it by five (number

of plants).

3.5.4.4 Early yield per plant (kg)

The total weight of fruits harvested from first three pickings was
recorded from each of five tagged plants and average was worked out as

early yield and expressed in kilograms per plant.

3.5.4.5 Total yield per plant (kg)

The total weight of fruits harvested form five tagged plants of all six
harvests were added and average yield per plant was worked out and

expressed in kilogram per plant.
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3.54.6 Yield per hectare (tonnes)

The yield per hectare was calculated by multiplying the yield per
plant (kg) with the number of plants per hectare (22,222) and expressed

in tonnes per hectare.

3.5.4.7 Average fruit weight (g)

Average fruit weight was calculated by adding the weight of five
fruits from each of five tagged plants at second harvest and divided it by

total number of fruits and expressed in grams per fruit.

3.5.5 Fruit parameters

At second picking, five randomly selected fruits from each of five

tagged plats were used for taking observations on fruit parameters.

3.5.5.1 Polar diameter of the fruit (cm)

Polar diameter was measured from stalk end to blossom end of
fruit by using vernier callipers - and average of 25 fruits was worked and

expressed in centimetre.

3.5.5.2 Equatorial diameter of the fruit (cm)

The fruit breadth at highest bulged portion was measured by using
vernier callipers and average of 25 fruits was worked out and expressed

in centimetres.
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3.5.5.3 Fruit shape index

Fruit shape index was calculated by dividing polar diameter of fruit

with its equatorial diameter.

3.5.5.4 Pericarp thickness (cm)

Fruits were cut in middle at horizontal axis and thickness of
pericarp was measured by using vernier calliperse and expressed in

centimetres.

3.56.5.5 Number of locules per fruit

Fruits were cut in horizontal axis and number of locules were

counted.

3.5.5.6 Total soluble solids (°Brix)

Few drops of juice extracted from cut fruit was used to determine
total soluble solids (TSS) with the help of Erma’ (0 to 32°Brix) hand
refractometer at room temperature and the value was noted in °Brix

(degree brix)

3.5.5.7 Titrable acidity (%)

Titrable acidity of juice was determined by taking a known volume
of juice (2 ml) and diluted to known volume (25 ml). An aliquat of 5 ml

was taken and titrated against standard O0.1IN NaOH using
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phenolphthalein (1%) indicator. The appearance of light pink colour was
marked as the end point. The value was expressed in terms of citric acid

as per cent titrable acidity of juice (Anon.,1984)

Per cent  Titre value x volume made up x equivalent weight of acid

= 100
acidity Aliquat taken x weight or volume of sample x 1000 *

3.5.5.8 TSS:Acld ratlo

It was calculated by dividing total soluble solids by titrable acidity.

3.5.5.9 pH

The pH of tomato juice was determined using digital pH meter of

Digisun electronics systems of model 2001E.

3.56.5.10 Ascorbic acid (mg/ 100g)

Samples of the red ripe fruits were analysed for the ascorbic acid
content, using 2,6-Dichlorophenol Indophenol dye titrimetrically as per
the modified procedure of AOAC (Anon., 1984). Two grams of sample was
blended with 0.4 per cent oxalic acid and filtered through muslin cloth.
To an aliquat of extract (2ml) of the sample, 3 ml acid mixture was added
and titrated against 2,6-Dichlorophenol indophenol dye till the pink end
point which persisted for at least 15 seconds (TV2). Similar procedure

was followed against acid mixture to get blank titre value and against
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standard solution made in 0.4 per cent oxalic acid to get standard titre

value (TV3)
Ascorbic acid (mg)
Ascorbic acid _ content in standard <V, Total sample volume 100
(mg/100g) ml of aliquat TV, Weight of sample

3.55.11 Lycopene (mg/100g)

Five grams of fruit sample was crushed and extracted repeatedly
with acetone until residue becomes colourless. This acetone extract was
transferred to separating funnel containing 15 ml of petroleum ether and
mixed gently. To this, 5 ml of 5 per cent sodium sulphate solution in
water was added and mixed thoroughly by shaking. This aided in
separating out any water present in the separating funnel and helped to
form a clear extract. The lower phase (petroleum ether extract containing
carotenoid) was transferred to another separating funnel to remove any
residual acetone and finally the extract was transferred to amber
coloured bottle, The extraction procedure with petroleum ether was
repeated till the acetone phase becomes colourless. Acetone phase was
discarded and small quantity of anhydrous sodium sulphate was added
to the petroleum ether extract. Then petroleum ether extract was
transferred to 25 m! volumetric flask and diluted to 25 ml with petroleum
ether and from this, 5 ml was again diluted to 25 ml with petroleum

ether for colour measurement. Optical density (OD) of the extract was
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measured at 503 nm in a UV-VIS-spectrophotometer using petroleum

ether as a blank {Ranganna, 1986).
Lycopene content of the sample was calculated by using the

following formula.

Lycopene _ 3.1206 x OD of sample x volume made up x dilution < 100
(mg/100 g) Weight of sample x 1000

3.5.5.12 Fruit volume (cc)

The fruit volume was estimated by water displacement method.
Individual fruits were immersed in thousand millilitres of water and the
amount of water displaced was measured and volume was worked out

per fruit and expressed in cubic centimetre.

3.5.5.13 Fruit Density (g/cc)

The fruit density was estimated by dividing weight of the fruit by

volume of the fruit.

Weight of the fruit (g)
Fruit volume (cc)

Fruitdensity (g/cc) =

3.5.5.14 Number of seeds per fruit

The seeds from five fruits were extracted by fermentation method
and number of seeds was counted and the mean number of seeds per

fruit was calculated.
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3.8.5.15 Thousand seed weight (g)

Weight of thousand seeds were estimated and expressed in grams.

3.6 STATISTICAL AND BIOMETRICAL ANALYSIS
3.6.1 Analysis of variance

Analysis of variance was carried out as per the procedure given by
Panse and Sukhatme (1967) using the mean values of random plants in
each replication from all treatments to find out the significance of

treatment effects.
3.6.2 Estimation of genetic parameters .

3.6.2.1 Genotypic, phenotypic and environmental variances

The variance due to genotype, phenotype and environment were

computed as follows.

Treatment MSS - Error MSS
r

Genotypic variance (¢})=

Environmental variance (6})= Error mean sum of squares
. . 2y 2 2
Phenotypic variance (6,) = 6, +0,

where, T’ is number of replications.



3.6.2.2 Genotypic and phenotypic coefficient of variation

Genotypic and phenotypic coefficient of variations was estimated
according to Burton and Devane (1953) based on estimate of genotypic

and phenotypic variance.

2
JO
Genotypic coefficient of variation (GCV) = X“ x100

2

Oy

Phenotypic coefficient of variation (PCV) = x100

Xl

where X = General mean of the character

2 — . .
o, = Genotypic variance

2 » '
o, = Phenotypic variance

3.6.2.3 Heritability

Heritability in broad sense was calculated as the ratio of genotypic
variance to the phenotypic variance and expressed in percentage

(Falconer, 1981).

0.2
Heritability (h?) = 6—: x100
P

2 . .
where o, = Genotypic variance

02 = Phenotypic variance
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3.6.2.4 Expected genetic advance

Expected genetic advance (GA) was calculated using the formula

given by Robinson et al. (1949).
Expected genetic advance (GA) =ix h?x op

Where i = selection differential (2.06) at 5 per cent selection
intensity
h? = Heritability in broad sense

op = Phenotypic standard deviation
3.6.2.5 Genetic advance over mean (GAM)

Genetic advance as percentage over mean was worked out as

suggested by Johnson et al. (1955).

Genetic advance over mean (GAM) = 9%— x 100

where GA = Genetic advance

X = General mean of the character

3.6.3 Genotypic and phenotypic correlation coefficients

Genotypic (rG) and phenotypic (rP) correlation coefficients were

estimated as suggested by Al-Jibourie et al. (1958).

Cov,,(G)

JV.GIx V(G

Genotypic correlation =1, (G} =
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Phenotypic correlation = r, (P} = Covy F)
V.(P}x V (P)
where,
Covg(G) = Genotypic covariance between x and y
Covxy(P) = Phenotypic covariance between x and y
Vx(G} = Genotypic variance of character x
Vx(P) = Phenotypic variance of character x
Vy(G) = Genotypic variance of character y
Vy(P) = Phenotypic variance of character y

3.64 Path coefficient analysis

Path coefficient analysis suggested by Wright (1921) and illustrated
by Dewey and Lu (1957) was carried out separately to know the direct
and indirect effects of the important component traits on fruit yield per
plant. Standard path coefficients, which are the standardised partial
regression coefficients were obtained by solving the following set of P’
simultaneous equations through Doolittle technique’ as given by
Goulden (1959).

Poi + Poariz2 + ... ... ... + Pop T1p = To1

Poirizg + Poz + ... ... ... + Poprop = Toz

Pop['lp‘*' P02r2p+ ....... +Pop=rop
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where, Poi, Po2 ... Py, are the direct path effects of 1, 2, ..., P
variable on zero variables and ri2, i3, ..., rip rp (P-1) are the possible
coefficients between dependent variable and independent variables and
To1, To2, ..., Top are the correlation coefficients between dependent
variables and independent variables. The indirect effect of ith varjable

through jth variable was worked out (Pg x ry).
The contribution of the remaining unknown was measured as the
residual factor and calculated as given below:
P!=1- (P} + 2Po1 Pozri2 + 2Po1 Poar13 + ... + P}, + 2Po2 Poaroz + ... + P2,)
Residual factor (R) = \/I_’_“;;
3.6.6 Genetic divergence

3.6.6.1 Mahalanobis D’ analysis

Mahalanobis (1936) D?2? statistics was used for assessing the

genetic divergence between population comprising 67 genotypes.

The original correlated unstandardised character mean values
were transformed into standardised uncorrelated values to simplify the
computational procedure. The D? values were obtained as the sum of
squares of the differences between the pairs of corresponding

uncorrelated (Ys) values of any two genotypes (Rao, 1952). A total of

n-(%-—l) D2 values were calculated.

where n = number of genotypes.



3.6.6.2 Clustering of genotypes

Using all D2 values, the genotypes were grouped into clusters using

Tocher’s method as described by Rao (1952).

3.6.6.3 Intra- and Inter-cluster distances

The intra- and inter-cluster distances were calculated by the

formula given by Singh and Chaudhary (1977).

2

] D
Intra-cluster distance = ,]—-
n

where D? is the sum of D? values between all possible

combinations of the genotypes included in cluster ¥'.

[ D2
Inter-cluster distance = J 2

nn,
where Dg is the sum of distances between all possible
combinations (nin;) of the genotypes included in the clusters 9’ and J'.
ni = number of genotypes in cluster ¥’

n; = number of genotypes in cluster §'.
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IV. EXPERIMENTAL RESULTS

Investigations on genetic variability, correlation, path analysis and
genetic divergence were carried out using tomato genotypes collected
from different sources. The results obtained from experiments are

presented in this chapter.

4.1 GENETIC VARIABILITY, CORRELATION AND PATH ANALYSIS
4.1.1 Analysis of variance (Tables 5 and 6)

The results of analysis of variance for forty-seven characters under
study are summarised in Tables 5 and 6. The variance due to treatments
(genotypes) was highly significant (at P=0.01) for thirty-six characters,
viz,, plant height at 30, 60 and 90 days after transplanting (DAT),
number of primary branches at 60 and 290 DAT, stem girth at 60 and 90
DAT, number of flowers per cluster, length of the flower, breadth of the
flower, days to first flowering, days to 50 per cent flowering, days to first
fruit set, days to first fruit maturity, per cent fruit set, number of fruits
per cluster, number of fruits per plant, early yield per plant, total yield
per plant, yield per hectare, average fruit weight, polar and equatorial
diameter of the fruit, fruit shape index, pericarp thickness, number of
locules per fruit, total soluble solids (TSS), acidity, TSS : acid ratio, pH,
ascorbic acid, lycopene, fruit volume, fruit density, number of seeds per

fruit and thousand seed weight. Number of primary branches at 30 DAT



Table 5. Analysis of variance {mean sum of squares) for growth, flower

and earliness parameters
Sl. Source of variation / characters Replications | Genotypes Emor
No. Degrees of freedom 2 66 132
a. | Growth parameters
1. | Plantheight at 30 DAT (cm) 20.734 44,647 14.404
2. | Plant height at 60 DAT (cm) 72.593 193.113 90.591
3. | Plantheightat 90 DAT (cm) 66.875 178.539* 73811
4. | Plant spread (East-Wesf) at 30 DAT (cm) 616.917 27.648% 19.555
5. | Plantspread (North-South) at 30 DAT (cm) 551.562 26.458% 28.803
6. | Plantspread (East-West x North-South) at 30 DAT (cm?) | 1003474.00 | 44710.830% | 41531.786
7. | Plantspread (East-West) at 60 DAT (cm) 802.812 188.377N 148.359
8. | Plant spread (North-South) at 60 DAT {cm) 1022312 | 157.396% 125.551
9. | Plant spread (East-West x North-South) at 60 DAT (cm?) | 12815872.00) 1932439.30™s | 1835465.70
10. | Plant spread (East-West) at 90 DAT (cm) 1780.125 181.762ns 135.159
11. | Plant spread (North-South) at 90-DAT (cm) 1973625 | 169.603ns 129.766
12. | Plantspread (East-West x North-South) at 90 DAT (em?) | 48413696.00) 3770293.10%s | 3267803.60
13. | Number of primary branches at 30 DAT 2431 0.689* 0.440
14. | Number of primary branches at 60 DAT 17.214 5.187+ 2295
15. | Number of primary branches at 90 DAT 17.125 4383~ 1.921
16. | Stem girth at 30 DAT (cm) 0.0773 0.0131~s 0.0106
17. | Stem girth at 60 DAT (cm) 0.0443 0.0328" 0.0076
18. | Stem girth at 90 DAT (cm) 0.1589 0.0217 0.0056
b. | Flower parameters
1. | Number of flowers per cluster 0.1823 1.6328" 0.1655
2. | Length of the flower {cm) 0.0061 0.3988* 0.0029
3. | Breadth of the flower (cm) 0.0097 0.2955* 0.0082
¢c. | Earliness parameters
1. | Days ® first flowering 8750 33.447 2247
2. | Days to 50 per cent flowering 8.937 36870 2.293
3. | Days to first fruit set 13679 32,692 1.994
4. | Days bo first fruit maturity 81.50 64.20™ 14.81

* indicates significant at P<0.05 ** indicates significant at P=0.01
DAT = Days after transplanting NS = Non-significant.
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Table 6. Analysis of variance (mean sum of squares) for yleld and quality

08

parameters in tomato

Sl Source of variation / characters Replications | Genolypes Enor
No. Degrees of fregdom 2 66 132
a. | Yield parameters

1. | Per cent fruit set 124375 78.3674* 38.2054
2. | Number of fruifs per cluster 0.1027 6.9077 0.1081
3. | Number of fruits per plant 386.4687 | 1147.7925* | 87.1896
4. | Earlyyield per plant (kg) 0.1394 0.4145 0.0823
5. | Total yield per plant (kg) 0.4021 1.7074" 0.2514
6. | Yield{tha) 197.1562 | 8436735 | 1239979
7. | Average fruit weight (g) 1450 33924261 | 27.8778
8. | Polar diameter of the fruit (cm) 0.4980 3.3609+ 0.0508
9. | Equatorial diameter of the fruit (cm) 0.0053 ~2.1480% 0.0233
b. | Quality parameters
1. | Fruit shape index 100215 0.0862 0.0022
2. | Pericarp thickness (¢m) 0.0042 0.0320* 0.0015
3. | Number of locules per fruit 0.6246 2.2106* 0.0923
4. | TSS(*Brix) 0.0173 0.6445+ 0.0208
5. | Acidity (%) 0.0309 0.0232 0.0044
6. | TSS: acid retio 224892 243304 45395
7. |pH 0.0031 0.1436" 0.0008
8. | Ascorbic acid (mg/100 g) 13.7968 223867+ 3.8549
9. | Lycopene (mgH00g) 1.3496 36.3086™ | 03181
10. | Fruitvolume (cc) 162.4062 1952.1326™ | 46.1302
11. | Fruitdensity (g/cc) 0.0005 0.0228" 0.0006
12. | Number of seeds per fruit 86.3750 7035.3878" | 4.1053
13. | Thousand seed weight (q) 0.0013 0.7026" 0.00019

* indicates significant at P=0.05 ** indicates significant at P=0.01
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varied significantly among genotypes at P = 0.05. There was no
significant difference among genotypes for stem girth at 30 DAT and
plant spread (Table-5).

4.1.2 Genetic variabllity (Tables 7 and 10)

Mean, range, phenotypic variance (PV}, genotypic variance (GV),
phenotypic coefficient of variation (PCV), genotypic coefficient of variation
(GCV), heritability (h?), genetic advance (GA} and genetic advance as per
cent over mean (GAM) for 37 plant traits (significant treatment variance}

are presented in Tables 7 and 10 and in Figures 1 and 2.

4.1.2.1 Plant height (Tables 7 and 8)

Plant height at 30 DAT (Tables 7 and 8) ranged from 18.80 cm (KT
18) to 34.13 cm (KT 56) with an average mean of 25.604 cm. Moderate
GV (10.081), PV (24.485), GCV (12.40%) and PCV (19.33%), with low
heritability (41.20%) and GA (4.20}) and moderate GAM (16.403%) was

observed for plant height at 30 DAT.

Maximum plant height at 60 DAT (Tables 7 and 8) was observed in
KT 49 (81.67 cm) followed by KT 55 (79.53 cm), KT 51 (77.47 cm), KT 56
(73.40 cm), KT 48 (71.93 cm) and KT 50 (71.40 cm) and minimum was
observed in KT 05 (35.93 cm). Plant height at 60 DAT ranged from 39.93
cm to 81.67 cm with an average mean of 61.374 cm. Moderage GV

(34.174), high PV (124.765), low GCV (9.52%) and moderate PCV
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(18.20%) was observed for this trait. Low heritability (27.40%) with a low

GA (6.30) and moderate GAM (10.264%) was observed for this trait.

Maximum plant height at 90 DAT (Tables 7 and 8) was observed in
KT 49 (106.27 cm) followed by KT 55 {(102.60 cm), KT 51 (100.47 cm), KT
48 (95.67 cm} and KT 54 (95.40 cm) and minimum was observed in KT
05 (61.20 cm). Plant height on 90 DAT ranged from 61.20 cm to 106.27
cm with an average mean of 85.677 cm. Moderate GV (34.976), high PV
(108.587), low GCV (6.90%), moderate PCV (12.16%]} with low heritability
(32.20%), low GA (6.91) and low GAM (8.065%) was observed for plant

height at 90 DAT among the genotypes.

4.2.2 Number of primary branches (Tables 7 and 8)

Number of primary branches on 30 DAT (Tables 7 and 8) ranged
from 0.27 (KT 05, KT 07, KT 34, KT 35, KT 37, KT 41, KT 44, KT 45, KT
47, KT 52, KT 83, KT 54, KT 57, KT §8, KT 59, KT 60, Punjab Kesan,
Arka Vikas, Arka Sourabh, Arka Meghali, Arka Alok and Arka Ashish) to
2.80 (KT 11} with an average mean of 0.592. Very low estimates of GV
(0.083), PV (0.523) with high GCV (48.64%) and PCV (122.18%), low
heritability (15.80%) and GA (0.24) and very high GAM (40.54%) was

observed for number of primary branches at 30 DAT among the

genotypes.



Number of primary branches on 60 DAT (Tables 7 and 8) ranged
from 4.73 (KT 05) to 10.33 (KT 49) with an averge mean of 7.726. Very
low estimates of GV (0.964) and PV (3.259), moderate GCV (12.71%) and
PCV (23.37%) with low heritability (29.60%) and GA (1.10) and moderate
GAM (14.237%) was observed for number of primary branches at 60

DAT.

Maximum number of primary branches (Tables 7 and 8) at 90 DAT
was observed in KT 49 (13.67) followed by KT 34 (13.47), KT 52 (13.13},
KT 32 (13.00) and KT 56 (12.93) and minimum was abserved in KT 05
(8.27). Number of primary branches on 90 DAT ranged from 8.27 to
13.67 with an average mean of 10.838. Very low estimates of GV (0.82)
and PV (2.741), low GCV (8.36%), moderate PCV (15.28%) with low
heritability (29.90%), low GA (1.02) and low GAM (9.411%) was observed

for number of primary branches at 90 DAT.

4.1.2.3 Stem girth (Tables 7 and 8)

Stem girth at 60 DAT (Tables 7 and 8) ranged from 0.87 cm (KT 05}
to 1.55 cm (KT 51) with an average mean of 1.185 cm. Very low estimates
of GV (0.0084) and PV (0.0160), low GCV (7.75%) and moderate PCV
(10.70%), moderate heritability (52.50%), low GA (0.14) and moderate

GAM (11.814%) was observed for stem girth at 60 DAT.
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Maximum stem girth at 90 DAT (Tables 7 and 8) was observed in
KT 51 (2.09 cm) followed by KT 02 (2.02 cm), KT 49 (2.01 cm), KT 03
(2.00 cm), KT 04 and KT 33 (1.97 cm) and minimum was observed in
Punjab Kesari (1.65 cm). Stem girth at 90 DAT ranged from 1.65 cm to
2.09 cm with an average mean of 1.834 cm. Very low estimates of GV
(0.0053) and PV (0.0109). Low GCV (3.99%) and PCV (5.73%), moderate
heritability (48.50%), low GA (0.11) and low GAM (5.997%) was observed

for stem girth at 90 DAT.

4.1.2.4 Number of flowers per cluster (Tables 7 and 8)

Maximum number of flowers per cluster (Tables 7 and 8} was
observed in KT 51 (7.53) followed by KT 28 (7.47), KT 52 (7.33), Punjab
Kesari (7.27) and KT 42 (7.07) and minimum was observed in KT 35
(4.13). Number of flowers per cluster ranged from 4.13 to 7.53 with an
average mean of 5.764. Very low estimates of GV (0.489) and PV (0.654),
moderate GCV (12.13%) and PCV (14.04%j), high heritability (74.70%)
with low GA (1.25) and high GAM (21.686%) was observed for number of

flowers per cluster.

4.1.25 Length of the flower (Tables 7 and 8)

Length of the flower (Tables 7 and 8) ranged from 1.04 cm (KT 08}
to 2.96 cm (Arka Abha) with an average mean of 1.938 c¢cm. Very low

estimates of GV (0.1319) and PV (0.1348}, moderate GCV {18.74%) and



PCV (18.94%) with very high heritability (97.80%), low GA {0.74) and

high GAM (38.183%) was observed for length of the flower.

4.1.2.6 Breadth of the flower (Tables 7 and 8)

Breadth of the flower (Tables 7 and 8) ranged from 1.04 cm (KT 08)
to 2.84 cm (Arka Abha) with an average mean of 1.877 cm. Very low
estimates of GV (0.0957) and PV (0.1039), moderate GCV (16.48%) and
PCV (17.18%) with very high heritability (92.00%}, low GA (0.61} and

high GAM (32.498%) was observed for breadth of the flower.

4.1.2.7 Days to first flowering (Tables 7 and 9)

Days to first flowering (Tables 7 and 9) ranged from 18.33 days (KT
56) to 33.67 days (Arka Abha) with an average mean of 28.024 days.
Moderate estimates of GV (10.402), PV (12.643), GCV (11.51%} and PCV
(12.69%) with high heritability (82.30%), low GA (6.03}) and high GAM

(21.517%) was observed for days to first flowering.

4.1.2.8 Days to 50 per cent flowering (Tables 7 and 9)

The genotype KT 56 took minimum number of days (20.00 days)
for 50 per cent flowering (Tables 7 and 9) followed by KT 47 (21.33 days),
KT 49 (21.33 days), KT 01 (22.33 days) and KT 29 (23.67 days} and the
genotype KT 24 took maximum number of days (35.67 days)} for 50 per

cent flowering. Number of days to S0 per cent flowering ranged from
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20.00 days to 35.67 days with an average mean of 30.472 days.
Moderate estimates of GV (11.525), PV (13.818), GCV (11.14%) and PCV
(12.20%) with high heritability (83.40%), low GA (6.39) and high GAM

(20.97%) was observed for days to 50 per cent flowering.

4.1.2.9 Days to first frult set (Tables 7 and 9)

Days to first fruit set ranged from 25.00 days (KT 56) to 41.00 days
(KT 24) with an average mean of 34.781 days. Moderate estimate of GV
(10.232) and PV (12.226), low GCV (9.20%}), moderate PCV {10.05%) with
high heritability (83.70%), low GA (6.03) and moderate GAM (17.337%)

was observed for days to first fruit set.

4.1.2.10 Days to first fruit maturity (Tables 7 and 9)

The genotype KT 56 took minimum number of days (56.33 days)
for first fruit maturity (Tables 7 and 9) followed by KT 49 (58.67 days), KT
01 (59.33 days), KT 47 (59.33 days) and KT 29 (59.67 days) and Arka
Abha took maximum number of days (75.33 days} for fruit maturity
among the genotypes. Number of days to first fruit maturity ranged from
56.33 to 75.33 days with an average mean of 69.029 days. Moderate
estimates of GV (16.466) and PV (31.276), low GCV (5.88%) and PCV
(8.10%) with moderate heritability (52.60%), low GA (6.07) and GAM

(8.793%) was observed for days to first fruit maturity.



4.1.2.11 Per cent fruit set (Tables 9 and 10)

Among the genotypes, maximum per cent fruit set was ohserved in
KT 40 (92.20%) followed by KT 08 (87.98%), KT 24 (86.50%) KT 57
(86.44%) and KT 15 (86.07%) and minimum was observed in KT 38
(66.91%). Per cent fruit set ranged from 66.91 to 92.20 per cent with an
average mean of 77.665 per cent. Moderate estimates of GV (13.387) and
high PV (§1.592), low GCV (4.71%) and PCV (9.25%} with low heritability
(25.90%), low GA (3.84) and low GAM (4.944%) was observed for per cent

fruit set.

4.1.2.12 Number of fruits per cluster (Tables 9 and 10)

Maximum number of fruits per cluster (Tables 9 and 10} was
observed in KT 51 (6.00) followed by KT 52 (5.73), KT 28 (5.33), Punjab
Kesari (5.33), KT 50 (5.27) and Arka Abha (5.27) and minimum was
observed in KT 35 (3.07). Number of fruits per cluster ranged from 3.07
to 6.00 with an average mean of 4.477. Very low GV (0.2665) and PV
(0.3746), moderate GCV (11.53%) and PCV (13.67%) with high
heritability (71.10%), low GA (10.90) and high GAM (20.102%) was

observed for number of fruits per cluster.

4.1.2.13 Number of frults per plant (Tables 9 and 10)

Maximum number of fruits per plant (Tables 9 and 10} was

observed in KT 49 (145.47) followed by KT 51 (100.80), KT 08 (97.27), KT
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52 (69.13) and KT 56 (66.00) and minimum was cobserved in KT 09
(19.87). Number of fruits per plant ranged from 19.87 to 145.47 with an
average mean of 39.808. Very high GV (353.534) and PV (440.723), high
GCV (47.23%) and PCV (52.74%) with high heritability (80.20%),
moderate GA (34.69) and very high GAM (87.143%) was observgd for

number of fruits per plant.

4.1.2.14 Early yleld per plant (Tables 9 and 10)

Early yield per plant was maximum in KT 40 (2.26 kg followed by
KT 17 (1.83 kg), KT 47 (1.77), KT 53 (1.75 kg) and KT 54 (1.70 kg) and
minimum (0.29 kg) was observed in KT 05 (Table-9). Early yield per plant
ranged from 0.29 kg to 2.26 kg with an average mean of 1.114 kg. Very
low estimates of GV (0.1107) and PV (0.1930), moderate GCV (29.86%)
and PCV (39.42%) with moderate heritability (57.30%), low GA (0.52) and

very high GAM (46.678%) was observed for early yield per plant.

4.1.2.15 Total yield per plant (Tables 9 and 10)

Total yield per plant (kg) was maximum in KT 40 (4.75 kg) followed
by KT 17 (4.04 kg), KT 46 (3.75 kg), KT 54 (3.74 kg) and KT 53 (3.67 kg)
and minimum (0.67 kg) was observed in KT 05 (Table-9}. Total yield per
plant ranged from 0.67 kg to 4.75 kg with an average mean of 2.464 kg.
Very low estimates of GV (0.4853} and PV (0.7363), moderate GCV

(28.27%) and PCV (34.83%) with moderate heritability (65.90%), low GA



KTO1
KT02
KTO03
KTO04
KT05
KT06

KTO7
KTO8
KTO09
KT10
KT11
KT12

KT13
KT14
KT1S
KT16
KT17
KT18

Plate 2a. Variability in fruit characters of tomato



KT19
KT20
KT21
KT22
KT23
KT24

KT25
KT26
KT27
KT28
KT30
KT31

KT29
KT32
KT33
KT34
KT35
KT36

Plate 2b. Variability in fruit characters of tomato



KT37
KT38
KT39
KT40
KT41
KT42

KT43
KT44
KT45
| KT46
KT47
| KT48

KT49

KT50

KT51

Punjab Kesari (54
KT52 (56)

KTS3 (59)

Plate 2c. Variability in fruit characters of tomato



Plate 2d. Variability in fruit characters of tomato

KTS54 (60)

KTSS (62)

KTS6 (63)

Arka Vikas (66)
Arka Saurabh (67)
Arka Meghali (68)

Arka Alok (69)
Arka Abha (70Q)
KT57 (71)

KTS8 (72)

KT59 (73)

KT60 (74)

Arka Ashish (75)



(1.16) and very high GAM (47.077%) was observed for total yield per

plant.

4.1.2.16 Yield per hectare (Tables 9 and 10)

Estimated yield per hectare ranged from 14.81 tonnes (KT 05) to
105.75 tonnes (KT 40) with an average mean of 54.725 tonnes. Very high
GV (239.892) and PV (363.889). Moderate GCV (28.30%) and PCV
(34.86%), moderate heritability (65.90%), high GA (25.91) and very high

GAM (47.345%) was observed for yield per hectare.

4.1.2.17 Average fruit weiaht (Tables 9 and 10)

Average fruit weight (Table-9) was maximum in KT 45 (210.40 gj
followed by KT 02 (156.60 g}, KT 44 (147.70 g), KT 37 (145.73 g} and
Arka Abha (143.53 g} and minimum was observed in KT 08 (15.67 g}.
Average fruit weight ranged from 15.67 g to 210.40 g with an average
mean of 87.906 g. Very high GV (1121.516) and PV (1149.393), moderate
GCV (38.10%) and PCV (38.57%) with very high heritability (37.60%),
high GA (68.15) and very high GAM (77.525%) was observed for average

fruit weight.

4.1.2.18 Polar diameter of the fruit (Tables 9 and 10)

Polar diameter of the fruit ranged from 2.62 cm (KT 08) to 8.25 cm

(KT 45) (Plates 2a, 2b, 2c and 2d} with an average mean of 5§.326 cm.
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Very low estimates of GV (0.7082) and PV (0.7315}, moderate GCV
(19.72%) and PCV (20.17%) with very high heritability (95.60%), low GA
{2.15) and very high GAM (40.368%) was observed for polar diameter of
the fruit.

4.1.2.19 Equatorial diameter of the fruit (Tables 9 and 10)

Equatorial diameter (Plates 2a, 2b, 2c and 2d) of the fruit ranged
from 2.94 cm (KT 08) to 7.65 cm (KT 45) with an average mean of 5.465
cm, Low estimates of GV (1.1033} and PV (1.1541), moderate GCV
(15.40%) and PCV (15.65%) with very high heritability (96.80%}, low GA
(1.71) and high GAM (31.29%) was observed for equatorial diameter of

the fruit.

4.1.2.20 Fruit shape index (Tables 10 and 11)
Maximum fruit shape index was observed in KT 43 (1.50) followed

by KT 42 (1.38}, KT 18 (1.35), KT 09 (1.29) and KT 12 (1.27) and
minimum was observed in KT 10 and KT 49 (0.73). Fruit shape index
ranged from 0.73 to 1.50 with an average mean of 0.98. Very low GV
(0.02796) and PV (0.03019), moderate GCV (17.06%) and PCV (17.73%)
with very high heritability (92.60%), very low GA (0.33) and high GAM

(32.673%) was observed for fruit shape index.

4.1.2.21 Pericarp thickness (Tables 10 and 11)

Maximum pericarp thickness (Table-11) was observed in KT 15

(0.73 ¢m) followed by KT 23 (0.71 cmj}, KT 25 (0.70 cm), KT 40 (0.69 cm),

74
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KT 03, KT 04, KT 21, KT 35, KT 44 (0.67 cm} and minimum was
observed in KT 08 (0.22 cm). Pericarp thickness ranged from 0.22 cm to
0.73 cm with an average mean of 0.539 cm (Plates 2a, 2b, 2c and 2d).
Very low estimates of GV (0.01017) and PV (0.01169), moderate GCV
(18.68%) and PCV (20.03%) with high heritability (87.00%), very low GA

(0.19) and high GAM (35.25%) was observed for pericarp thickness.

4.1.2.22 Number of locules per fruit (Tables 10 and 11)

Number of locules per fruit ranged from 2.20 (KT 42) to 5.87 (KT
10) with an average mean of 3.469 {Plates 2a, 2b, 2c and 2d). Very low
estimates of GV (0.7061) and PV (0.7984}, moderate GCV (24.22%) and
PCV (25.75%) with high heritability (88.40%), low GA (1.63) and very

high GAM (46.987%) was observed for number of locules per fruit.

4.1.2.23 TSS (Tables 10 and 11)

Maximum TSS (Table-11) was observed in KT 56 (5.83°Brix)
followed by KT 48 (5.29°Brix}, KT 37 (4.91°Brix}, KT 34 (4.88°Brix} and
KT 24 and Arka Abha (4.87°Brix) and minimum was observed in Arka
Vikas (3.19°Brix). TSS ranged from 3.19°Brix to 5.83 °Brix with an
average mean of 4.072°Brix. Very low estimates of GV (0.2079} and PV
(0.2287), moderate GCV (11.20%) and PCV (11.74%) with very high
heritability (90.90%), very low GA (0.90) and high GAM (22.102%) was

observed for TSS.
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4.1.2.24 Acidity (Tables 10 and 11)

Maximum acidity (Table-11) was observed in KT 56 (0.70%)
followed by KT 36 (0.58%), KT 23 {0.55%), KT 18 (0.53%) and KT 42
(0.51%) and minimum was observed in Arka Ashish (0.21%). Acidity
ranged from 0.21 per cent to 0.70 per cent with an average mean of
0.401 per cent. Very low estimates of GV (0.0062) and PV (0.0106},
moderate GCV (19.70%) and PCV (25.74%) with moderate heritability,

very low GA (0.12) and high GAM (29.925%) was observed for acidity.

4.1.2.25 TSS : acid ratio (Tables 10 and 11)

TSS : acid ratio ranged from 6.81 (Arka Vikas) to 20.64 (Arka
Ashish} with an average mean of 10.859. Low estimates of GV (6.597),
moderate PV (11.136), moderate GCV (23.65%)} and PCV (30.73%) with
moderate heritability (59.20%), low GA (4.67) and high GAM (37.48%)

was observed for TSS : acid ratio.

4.1.2.26 pH (Tables 10 and 11)

pH of fruit juice ranged from 4.07 (KT 57) to 5.33 (KT 05) with an
average of 4.567. Very low estimates of GV (0.0476) and PV (0.0484}, low
GCV (4.78%) and PCV (4.82%) with very high heritability {(98.30%), very

low GA (0.45) and low GAM (9.835%) was observed for pH.
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41.2.27 Ascorbic acid (Tables 10 and 11)

Maximum ascorbic acid content (Table-11) was observed in KT 11
(22.85 mg/ 100 g) followed by KT 32 and KT 40 (21.69 mg/100 g}, KT 41
(21.23 mg/ 100 g}, KT 43 (21.12 mg/ 100 g) and KT 05 (20.18 mg/100 g)
and minimum was observed in KT 49 (9.37 mg/100 g}. Ascorbic acid
content ranged from 9.37 mg to 22.85 mg per 100 g with an average
mean of 16.141 mg per 100 g. Low estimates of GV (6.177) and moderate
PV (10.031), moderate GCV (15.40%) and PCV (19.62%) with moderate
heritability (61.60%), low GA (4.02) and high GAM (24.905%) was

observed for ascorbic acid content.

4.1.2.28 Lycopene (Tables 10 and 11)

Maximum lycopene content (Table-11) was observed in KT 29
(17.78 mg/100 g) followed by Arka Meghali (17.66 mg/100 g). KT 22
(17.35 mg/100 g), KT 01 (17.05 mg/100 g} and KT 03 (17.03 mg/100 g)
and minimum was observed in KT 13 (4.43 mg/ 100 g), lycopene content
ranged from 4.43 to 17.78 mg per 100 g with an average mean of 10.209
mg per 100 g. Moderate estimates of GV (12.026) and PV (12.344),
moderate GCV (33.97%) and PCV (34.42%) with very high heritability
(97.40%), low GA (7.05) and very high GAM (69.056%) was observed for

lycopene content.
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4.1.2.29 Fruit volume (Tables 10 and 11)

Fruit volume ranged from 9.33 cc (KT 08) to 150.00 cc (KT 45) with
an average of 68.587 cc. Very high GV (635.334) and PV (681.464),
moderate GCV (36.75%) and PCV (38.06%) with very high heritability
(93.20%), very high GA (50.14) and GAM (73.104%) was observed for

fruit volume.

4.1.2.30 Fruit density (Tables 10 and 11)

Fruit density ranged from 1.17 gram per cc (KT 02) to 1.71 gram
per cc (KT 08} with an average mean of 1.252 gram per cc. Very low GV
(0.0074) and PV (0.0080), low GCV (6.87%) and PCV (7.15%]} with very
high heritability (92.50%), very low GA (0.17) and moderate GAM

(13.578%) was observed for fruit density.

4.1.2.31 Number of seeds per fruit (Tables 10 and 11)

Maximum number of seeds per fruit (Table-11) was observed in KT
11 (253.33) followed by KT 32 (220.33), KT 10 (191.33) KT 15 (186.33)
and KT 17 (172.33) and minimum was observed in KT 29 (34.67) and KT
38 (34.67). Number of seeds per fruit ranged from 34.67 to 253.33 with
an average mean of 97.83. Very high estimates of GV (2343.760) and PV
(2347.865), high GCV (49.49%) and PCV (49.53%) with very high
heritability (99.80%), very high GA (99.64} and very high GAM (101.85%)

was observed for number of seeds per fruit.
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4.1.232 Thousand seed weight (Tables 10 and 11)

Thousand seed weight ranged from 1.46 g (KT 53) to 4.13 g (KT 06)
with an average mean of 2.981 g. Very low estimates of GV (0.2341) and
PV (0.2343), moderate GCV (16.23%) and PCV (16.24%) with very high
heritability (99.90%), low GA (1.00) and high GAM (33.545%}) 'was

observed for thousand seed weight.

4.1.3 Correlation studies (Tables 12 and 13)

Genotypic and phenotypic correlation coefficients for growth,
earliness, quality and yield parameters are presented in Table-12 and

Table-13, respectively and depicted in Fig-3.

4.1.3.1 Genotypic correlation (Table 12)

At genotypic level, number of primary branches at 90 DAT
(rG=0.614) was positively and significantly (at P=0.01) associated with
plant height at 60 DAT. Stem girth at 90 DAT was positively and
significantly (at P=0.01) associated with plant height at 60 DAT

(rG=0.463) and number of primary branches at 90 DAT (rG==O.313).

Days to first flowering was negatively and significantly {at P~0.01)
associated with number of primary branches at 90 DAT (rG= -0.267),

stem girth at 90 DAT (rG= -0.224) and plant height at 60 DAT

(G~ -0.181). Days to 50 per cent flowering was positively and
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significantly (at P=0.01) associated with days to first flowering (rG=0.993)
and it was negatively and significantly (at P=0.01) associated with
number of primary branches at 90 DAT (rG= -0.294), plant height at 60
DAT (rG= -0.284) and stem girth at 90 DAT (rG= -0.240). Days to first
fruit set was positively and significantly (at P=0.01) associated with days
to first flowering (rG=0.990) and days to 50 per cent flowering
(rG=0.986), but it was negatively and significantly {(at P=0.01) associated
with number of primary branches at 90 DAT (rG= -0.329}, plant height at
60 DAT (rG= -0.288) and stem girth at 90 DAT (rG= -0.249). Days to first
fruit maturity was positively and significantly (at P=0.01} associated with
days to first fruit set (rG=1.057), days to first flowering (rG=1.054) and
days to 50 per cent flowering (rG=1.044), but it had negative and
significant (at P=0.01) association with stem girth at 90 DAT
(rG= -0.338), number of primary branches at 90 DAT (rG= -0.262) and

plant height at 60 DAT (rG= -0.252).

Per cent fruit set was positively and significantly {(at P=0.01)
associated (Table-12) with days to first fruit maturity (rG=0.390), days to
first fruit set (rG=0.310), plant height at 60 DAT (rG=0.305), stem girth at
90 DAT (rG=300), days to first flowering (rG=0.246), number of locules
per fruit (rG=0.242), days to 50 per cent flowering (rG=0.223) and
number of seeds per fruit (rG=0.197) and it was negatively and

significantly (at P=0.01) associated with number of flowers per cluster



(rG= -0.274). Per cent fruit set was also negatively associated with

equatorial diameter of the fruit (rG= -0.159) at P=0.05.

Number of flowers per cluster was positively and significantly (at
P=0.05) associated with days to 50 per cent flowering (rG=0.152), but it
was negatively and significantly (at P=0.01) associated with number of
primary branches at 90 DAT (rG= -0.244) and plant height at 60 DAT
(rG= -0.237). Number of fruits per cluster was positively and significantly
(at P=0.01) associated with number of flowers per cluster (rG=0.922),
days to first fruit set (rG=0.252), days to S50 per cent flowering
(rG=0.243), days to first fruit maturity (rG=0.223) and days to first
flowering (rG=0.203}, but it was negatively and significantly (at P=0.01)
‘associated with equatorial diameter of the fruit (rG= -0.409), fruit volume
(rG= -0.294), pericarp thickness (rG= -0.290), average fruit weight
(rG= -0.257), number of primary branches at 90 DAT (rG= -0.249) and

polar diameter of the fruit (rG= -0.219),

Polar diameter of the fruit was positively and significantly (at
P=0.01) associated (Table-12) with days to 50 per cent flowering
(rG=0.256), days to first fruit maturity (rG=0.252), days to first fruit set
(rG=0.215) and days to first flowering (rG=0.208), but it was negatively
and significantly (at P=0.01) associated with plant height at 60 DAT
(rG= -0.487), number of primary branches at 90 DAT (rG= -0.246) and

number of flowers per cluster (rG= -0.202). Equatorial diameter of the
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fruit was positively and significantly (at P=0.01) associated with polar

diameter of the fruit (rG=0.578) and it was negatively and significantly (at

P=0.01) associated with number of flowers per cluster (rG= -0.315).

Pericarp thickness was positively and significantly (at P=0.01)
associated with polar (rG=0.698) and equatorial diameters of the fruit.
(rG=0.430), days to first fruit maturity (rG=0.192) and days to 50 per
cent flowering (rG=0.173) at P=0.05, but it was negatively and
significantly (at P=0.01) associated with number of primary branches at
90 DAT (rG= -0.368), number of flowers per cluster (rG= -0.300) and
plant height at 60 DAT (rG= -0.189). Number of locules per fruit was
positively and significantly (at P=0.01) associated with equatorial
diameter of the fruit (rG=0.311) and it also associated positively with
number of primary branches at 90 DAT (rG=0.155), stem girth at 90 DAT
(rG=0.150) and plant height at 60 DAT (rG=145) at P=0.05. Number of
seeds per fruit was positively and significantly (at P=0.01) associated with
number of locules per fruit (rG=0.533), plant height at 60 DAT
(rG=0.383), number of primary branches at 90 DAT (rG=0.259) and stem
girth at 90 DAT (rG=0.19}3) and it was negatively and significantly (at

P=0.01) associated with polar diameter of the fruit (rG= -0.287).

Average fruit weight was positively and significantly (at P=0.01)
associated (Table-12) with fruit volume (rG=1.002), equatorial diameter of

the fruit (rG=0.866), polar diameter of the fruit (rG=0.5935), pericarp
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thickness (rG=0.394), number of locules per fruit (rG=0.290) and days to

first fruit maturity (rG=0.200), but it was negatively and significantly (at
P=0.01) associated with number of primary branches at 90 DAT
{(rG= -0.239), number of flowers per cluster (rG= -0.206) and plant height
at 60 DAT (rG= -0.197). Fruit volume was positively and significantly (at ’
P=0.01) associated with equatorial diameter of the fruit (rG=0.899), polar
diameter of the fruit (rG=0.616), pericarp thickness (rG=0.427), number
of locules per fruit (rG=0.289) and days to first fruit maturity (rG=0.162)
at P=0.05, but it was negatively and significantly (at P=0.01} associated
with number of primary branches at 90 DAT (rG= -0.250), number of

flowers per cluster (rG= -0.235) and plant height at 60 DAT (rG= -0.186).

At genotypic level, number of fruits per plant was positively and
gignificantly (at P=0.01) associated (Table-12) with plant height at 60
DAT (rG=0.655), number of primary branches at 90 DAT (rG=0.555),
stem girth at 90 DAT (rG=0.484) and number of fruits per cluster
(rG=0.253) and it was positively and significantly associated with per
cent fruit set (rG=0.177) and number of flowers per cluster (rG=0.155} at
P=0.05. It was negatively and significantly (at P=0.01) associated with
polar diameter of the fruit (rfG= -0.540}, fruit volume (rG= -0.439),
average fruit weight (rG= -0.425), days to first fruit maturity (rG= -0.423),
days to 50 per cent flowering (rG= -0.417), equatorial diameter of the
fruit (rG= -0.416), pericarp thickness (rG= -0.410), days to first fruit set

(rG= -0.406) and days to first flowering (rG= -0.401).
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Early yield per plant was positively and significantly (at P=0.01)

associated (Table-12) with equatorial diameter of the fruit (rG=0.476),
stem girth at 90 DAT (rG=0.444), number of primary branches at 90 DAT
(rG=0.398), fruit volume (rG=0.372), average fruit weight (rG=0.319),
pericarp thickness (rG=0.310), plant height at 60 DAT (rG=0.288), polar
diameter of the fruit (rG=0.244), number of fruits per plant (rG=0.213),
number of seeds per fruit (rG=0.182) and it was positively associated
with number of locules per fruit (rG=0.144) at P=0.05. But it was
negatively and significantly (at P=0.01} associated with number of
flowers per cluster (rG= -0.409) and number of fruits per cluster
(rG= -0.372), days to first fruit maturity (rG= -0.210}, days to first fruit
set (rG= -0.200), days to first flowering (rG= -0.187) and days to 50 per

cent flowering (rG= -0.169) at P=0.05.

At genotypic level, total yield per plant was positively and
significantly (at P=0.01) associated (Table-12) with early yield per plant
(rG=0.994), equatorial diameter of the fruit (rG=0.496), stem girth at 90
DAT (rG=0.434), fruit volume (rG=0.408), average fruit weight (rG=0.354),
pericarp thickness (rG=0.349), number of primary branches at 90 DAT
(rG=0.342), polar diameter of the fruit (rG=287), plant height at 60 DAT
(rG=0.246), number of seeds per fruit (rG=0.208), number of locules per
fruit (rG=0.193) and it was positively associated with per cent fruit set
(rG=0.149) and number of fruits per plant (rG=0.147) at P=0.05. But it

was negatively and significantly (at P=0.01) associated with number of



flowers per cluster (rG= -0.415) and number of fruits per cluster

{rG=-0.355).

4.1.3.2 Phenotypic correlation (Table-13)

At phenotypic level, number of primary branches at 90 DAT
(rP=0.341) had positive and significant (at P=0.01) association with plant
height at 60 DAT. Stem girth at 90 DAT was positively and significantly
(at P=0.01) associated with plant height at 60 DAT (rP=0.215} and

number of primary branches at 90 DAT (rP=0.199).

Days to first flowering was negatively and significantly (at P=0.01)
associated (Table-13) with stem girth at 90 DAT (rP= -0.200) and number
of primary branches at 90 DAT (rP= -0.162) at P=0.05. Days to 50 per
cent flowering was positively and significantly (at P=0.01) associated
with days to first flowering (rP=0.961), but it was negatively and
significantly (at P=0.01) associated with stem girth at 90 DAT
(rP= -0.203) and number of primary branches at 90 DAT (rP= -0.164} at
P=0.05. Days to first fruit set was positively and significantly (at P=0.01}
associated with days to first flowering (rP=0.976) and days to 50 per cent
flowering (rP=0.945), but it was negatively and significantly (at P=0.01)
associated with stem girth at 90 DAT (rP= -0.204) and number of primary
branches at 90 DAT (tP= -0.182). Days to first fruit maturity was
positively and significantly (at P=0.01) associated with days to fruit set

(rP=0.779), days to first flowering (rP=0.779) and days to 50 per cent
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flowering (rP=0.762), but it was negatively and significantly (at P=0.05)

associated with stem girth at 90 DAT (rP= -0.149).

Per cent fruit set was positively and significantly (at P=0.05)
associated with stem girth at 90 DAT (rP=0.139) and it was negatively
and significantly (at P=0.01) associated with number of flowers per
cluster (rP= -0.281). Number of fruits per cluster was positively and
significantly (at P=0.01) associated with number of flowers per cluster
(rP=0.748), per cent fruit set (rP=0.360} and days to first fruit set
(rP=0.148) at P=0.05. But it was negatively and significantly (at P=0.01)
associated with equatorial diameter of the fruit (rP= -0.346), fruit volume
{rP= -0.257), pericarp thickness (rP= -0.241} and average fruit weight
(rP= -0.216) and it was negatively and significantly associated with polar

diameter of the fruit (rP= -0.176) at P=0.05.

Polar diameter of the fruit was positively and significantly (at
P=0.01) associated (Table-13) with days to 50 per cent flowering
(rP=0.223), days to first fruit maturity (rP=0.190j}, days to first fruit set
(rP=0.184) and days to first flowering (rP=0.178) at P=0.05, but it was
negatively and significantly (at P=0.01) associated with plant height at 60
DAT (rP= -0.243). It was also negatively and significantly associated with
number of flowers per cluster (rP= -0.172) at P=0.05. Equatorial diameter
of the fruit was positively and significantly (at P=0.01) associated with

polar diameter of the fruit (rP=0.561) and it was negatively and
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significantly (at P=0.01) associated with number of flowers per cluster

(rP= -0.267).

Pericarp thickness was positively and significantly (at P=0.01)
associated with polar (rP=0.649) and equatorial diameter (rP=0.399) of
the fruit. Pericarp thickness was positively and significantly associated
with days to 50 per cent flowering (rP=0.156) and days to first fruit
maturity (rP=0.151) at P=0.05. It was negatively and significantly (at
P=0.01) correlated with number of flowers per cluster {rP= -0.244) and
number of primary branches at 90 DAT (rP= -0.207). Number of locules
per fruit had positive and significant (at P=0.01) association with
equatorial diameter of the fruit (rP=0.283). Number of seeds per fruit was
positively and significantly (at P=0.01) associated with number of locules
per fruit (rP=0.500} and plant height at 60 DAT (rP=0.198). Seed number
per fruit was positively and significantly correlated at P=0.05 with
number of primary branches at 90 DAT (rP=0.145}, but it was negatively
and significantly (at P=0.01) associated with polar diameter of the fruit

(rP= -0.280).

Average fruit weight was positively and significantly (at P=0.01)
associated (Table-13} with fruit volume (rP=0.952), equatorial (rP=0.838}
and polar diameter of the fruit (rP=0.572), pericarp thickness (rP=0.362},

number of locules per fruit {rP=0.269) and days to first fruit maturity
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(rP=Q.141) at P=0.05, but it was negatively and significantly associated
with number of flowers per cluster {rP= -0.185) at P=0.01 and number of
primary branches at 90 DAT (rP= -0.141) at P=0.05. Fruit volume was
positively and significantly (at P=0.01) associated with equatorial
(rP=0.852) and polar (rP=0.588) diameter of the fruit, pericarp thickness
(rP=0.375) and number of locules per fruit (rP=0.263), but fruit volume
had negative and significant (at P=0.01) association with number of

flowers per cluster {rP= -0.219).

At phenotypic level, number of fruits per plant was positively and
significantly correlated with plant height at 60 DAT (rP=0.380}, stem
girth at 90 DAT (rP=0.310) and number of primary branches at 90 DAT
(rP=0.308) at P=0.01 and number of fruits per cluster (rP=0.164} at
P=0.05, but it was negatively and significantly (at P=0.01) associated with
polar diameter of the fruit (rP= -0.472), fruit volume (rP= -0.378), average
fruit weight (rP= -0.375), equatorial diameter of the fruit (rP= -0.365),
days to 50 per cent flowering (rP= -0.341), days to first fruit set
(rP= -0.324), pericarp thickness (rP= -0.322), days to first flowering

(rP= -0.319), and days to first fruit maturity (rP= -0.298).

Early yield per plant was positively and significantly associated
(Table-13) with equatorial diameter of the fruit (rP=0.364), number of
fruits per plant (rP=0.362), fruit volume (rP=0.282), stem girth at 90 DAT

(rP=0.259), pericarp thickness (rP=0.248), average fruit weight
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(rP=0.233), plant height at 60 DAT (rP=0.201) and polar diameter of the
fruit (rP=0.191) at P=0.01 and number of primary branches at 90 DAT
(rP=0.157) at P=0.05, but it had negative and significant (at P=0.01)
association with number of flowers per cluster (rP= -0.304) and number

of fruits per cluster (rP= -0.272).

At phenotypic level, total yield per plant was positively and
significantly correlated with early yield per plant (rP=0.972), equatorial
diameter of the fruit (rP=0.401), fruit volume (rP=0.328}, number of fruits
per plant (rP=0.308), pericarp thickness (rP=0.289), average fruit weight
(rP=0.282), stem girth at 90 DAT (rP=0.273), polar diameter of the fruit
(rP=0.237) and plant height at 60 DAT (rP=0.189) at P=0.01 and number
of seeds per fruit (rP=0.167), number of locules per fruit (rP=0.162) and
number of primary branches at 90 DAT (rP=0.159) at P=0.05. But it had
negative and significant (P=0.01) correlation with number of flowers per

cluster (rP= -0.319) and number of fruits per cluster (rP= -0.276).

4.1.4 Path analysis (Tables 14 and 15)

Genotypic and phenotypic path coefficients for total yield per plant
with fifteen independent parameters are presented in Table-14 and

Table- 15, respectively.

4.1.4.1 Genotyplc path coefficients (Table-14)

Plant height at 60 DAT had no direct effect:  (-0.023) on total yield

per plant, but it had high indirect and positive effect (0.298) through
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early yield per plant on total yield. Number of primary branches at 90

DAT had no direct effect (-0.009) on total yield per plant, but it had high
indirect and positive effect. (0.412) through early yield per plant on total
yield. Stem girth at 90 DAT had no direct effects (-0.004) on total yield
per plant, but it had high indirect and positive effects (0.459) through

early yield per plant on total yield.

Number of flowers per cluster had high direct and negative effect.
(-0.218) on total yield, whereas it had high indirect effects through
number of fruits per cluster (0.222) and early yield per plant (-0.423) on
total yield. Number of fruits per cluster had high direct and positive
effect' (0.241) on total yield and it also had high indirect and negative
effects through early yield per plant (-0.385) and number of flowers per

cluster (-0.201) on total yield.

Polar diameter of the fruit had no direct effect (-0.020} on total
yield per plant (Table-14), but it had high indirect and positive effects
through early yield per plant (0.253) and average fruit weight (0.119), but
it also had high indirect and negative effect: through fruit volume
(-0.123) on total yield. Equatorial diameter of the fruit had no direct
effect: (-0.008) on total yield, but it had high indirect and positive effects
through early yield per plant (0.492) and average fruit weight (0.173), but
it had negative and high indirect effect.. through fruit volume (-0.179) on

total yield.
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Pericarp thickness had no direct effect (0.018) on total yield, but it
had high indirect and positive effect' (0.320) through early yield per
plant on total yield. Number of locules per fruit had no direct effect:
(0.035) on total yield, but it had high indirect and positive effect (0.149)
through early yield per plant on total yield. Number of seeds per fruit had
no direct effect: (0.006) on total yield, but it had high indirect and

positive effect: (0.188) through early yield per plant on total yield.

Average fruit weight had high direct and positive effect. (0.199) on
total yield per plant (Table-14) and it also had high indirect effects
through early yield per plant (0.330} and fruit volume (-0.200) on total
yield. Fruit volume had high direct and negative effect . (-0.200) on total
yield per plant and it also had high indirect and positive effects through
early yield per plant (0.384) and average fruit weight (0.200) on total

yield.

Early yield per plant had high direct and positive effect (1.034) on
total yield per plant. Number of fruits per plant had no direct effect.
(-0.086) on total yield per plant, but it had high indirect and positive

effect. (0.220) through early yield per plant on total yield.

4.1.4.2 Phenotypic path coefficients (Table-15)

Plant height at 60 DAT had no direct effect (-0.004) on total yield

per plant, but it had high indirect and positive effect (0.191) through
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early yield per plant on total yield. Number of primary branches at 90

DAT had no direct effect (0.019) on total yield, but it had high indirect
and positive effect: (0.149) through early yield per plant on total yield.
Stem girth at 90 DAT also had no direct effect. (0.026) on total yield, but
it had high indirect and positive effect: (0.246) through early yield per

plant on total yield.

Number of flowers per cluster had no direct effect (0.025) on total
yield, but it had high indirect and negative effect (-0.288) through early
yield per plant on total yield. Number of fruits per cluster had no direct
effect (-0.032) on total yield, but it had high indirect and negative effect

(-0.258) through early yield per plant on total yield.

Polar diameter of the fruit had no direct effect (0.027) on total
yield, but it had high indirect and positive effect: (0.181) through early
yield per plant on total yield. Equétorial diameter of the fruit also had no
direct effect (-0.026) on total yield, but it had high indirect and positive

effect (0.345) through early yield per plant on total yield.

Pericarp thickness had no direct effect (0.032) on total yield
(Table-15), but it had high indirect and positive effect (0.235) through
early yield per plant on total yield. Number of locules had no direct
effect (0.035) on total yield, but it had high indirect and positive effect"
(0.106) through early yield per plant on total yield. Number of seeds per
fruit also had no direct effect (0.028) on total yield, but it had high
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indirect and positive effect (0.129) through early yield per plant on total

yield.

Average fruit weight had no direct effect (0.021) on total yield, but
it had high indirect and positive effect (0.221) through early yield per
plant on total yield. Fruit volume also had no direct effect (0.015) on
total yield, but it had high indirect and positive effect (0.268) through

early yield per plant on total yield.

Early yield per plant had high direct and positive effect (0.948) on
total yield (Table-15). Number of fruits per plant had no direct effect
(-0.024) on total yield, but it had high indirect and positive effect (0.343)

through early yield per plant on total yield.

4.2 GENETIC DIVERGENCE

Sixty-seven genotypes of different locations were assessed for 21
characters and data obtained was subjected to D? statistics to assess the
genetic diversity. As many as seven divergent clusters were constructed

using Tocher’s method.

4.2.1 Relative contribution of different characters towards divergence
(Table-16)

The relative contributions of different characters for genetic
divergence (D?} is given in Table-16. Number of seeds per fruit (56.63%)

contributed maximum to the genetic diversity among the genotypes
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Table 16. Relative per cent contribution of different characters to

divergence in tomato

S| Ctarcwer/souwe | Tmegued | Peoem
1. | Days to first flowering 0 0.00
2. | Days to 50 per cent flowering 0 0.00
3. | Days to first fruit set 1 0.05
4. | Days to first fruit maturity 6 0.27
5. | Plant height at 60 DAT (cm) 29 1.31
6. | Number of primary branches 0 0.00
at 90 DAT
Number of flowers per cluster 0 0.00
Pericarp thickness (cm) 0 0.00
Number of locules per fruit 0 0.00
10. | TSS (°Brix) o 0.00
11. | Acidity (%) 0 0.00
12. | Ascorbic acid (mg/ 100 g) 0 0.00
13. | Lycopene {mg/100 g} 2 0.09
14. | Average fruit weight (g) 702 31.75
15. | Fruit volume {cc) 45 2.04
16. { Number of seeds per fruit 1252 56.63
17. Pér cent fruit set 5 0.23
18. | Number of fruits per cluster 0 0.00
19. | Number of fruits per plant 169 7.64
20. | Early yield per plant (kg) 0 0.00
21. | Total yield per plant (kg) 0 0.00

DAT = Days after transplanting



101

followed by average fruit weight (31.75%), number of fruits per piant
(7.64%) and fruit volume (2.04%). However, there was no substantial
contribution from plant height at 60 DAT (1.31%), days to first fruit
maturity (0.27%), per cent fruit set (0.23%), lycopene content (0.09%}

and days to first fruit set (0.05%).

4.2.2 Classification of tomato genotypes (Table-17)

Following the method suggested by Tocher, 67 genotypes were
grouped into seven clusters by treating estimated D? values as the
square of the generalised distance. The distribution of entries into

various clusters is given in Table-17.

Cluster | was the largest having 44 genotypes followed by cluster II
with 11 genotypes, cluster IV with 7 genotypes, cluster II with 2
genotypes (KT 32 and KT 43) and cluster V (KT 45), cluster VI (KT 49)

and cluster VII (KT 11) had one genotype each (Table-17).

Intra- and inter-cluster average D? values have been given in
Table-18. Among the seven clusters, cluster IV with 7 numﬁer of |
genotypes showed maximum intra-cluster diversity (D?=68.998) followed
by cluster I (D2-61.060), cluster II (D2<57.251) and cluster IV
(D2=23.327). The cluster V, VI and VII had no intra-cluster distance

(D2=0.000) as they possessed single genotype in each.
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Table 17. Classification of tomato genotypes into different clusters based
on D? values
Cluster | Number of
No. penotypes Name of the genotype
I 44 KT 02 KT 03 KT 04 KT 06
KT 07 KT 09 KT 12 KT 13
KT 14 KT 16 KT 18 KT 19
KT 20 KT 21 KT 22 KT 23
KT 25 KT 26 KT 27 KT 28
KT 29 KT 30 KT 31 KT 33
KT 34 KT 35 KT 36 KT 37
KT 38 KT 39 KT 40 KT 42
KT 44 KT 46 KT 47 KT 53
KT 55 KT 57 KT 59
Punjab Kesari Arka Vikas
Arka Saurabh Arka Meghali
Arka Abha
In 11 KT 01 KT 10 KT 15 KT 17
KT 24 KT 41 KT 54 KT 56
KT 60 Arka Alok Arka Ashish
Il 02 KT 32 KT 43
v 07 KT 05 KT 08 KT 48 KT 50
KT 31 KT 52 KT 58
\' 01 KT 45
A1 01 KT 49
vii 01 KT 11

9

[
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Based on distance between clusterg i.e., inter-cluster distance, the
maximum divergence was observed between cluster V and VI (D2=243.70)
closely followed by cluster II and V (D2=239.740), cluster IV and V
(D2=222.521), cluster IV and VII (D2=211.820), cluster VI and VIII
(D2=209.459) and cluster V and VII {(D2=207.860). The cluster Il revealed

the least distance relationship with the cluster III (D2=86.717).

4.2.3 Cluster means (Table-19)

The mean values of 21 characters for seven clusters are

summarised in Table-19.

4.2.3.1 Days to first flowering

The lowest cluster mean for this character (Table-19) was observed
in cluster VI (19.33 days) followed by cluster V (26.67 days) and cluster
IV (27.71 days) and highest cluster mean was observed in cluster III

(29.00 days).

4.2.3.2 Days to 50 per cent flowering

The lowest cluster mean for this character (Table-19) was observed
in cluster VI (21.33 days) followed by cluster V (29.00 days) and cluster
IV (29.66 days} and highest cluster mean was observed in cluster Il

(31.66 days).
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4.23.3 Days to first fruit set

The lowest cluster mean for this character (Table-19) was observed
in cluster VI (26.67 days) followed by cluster V (33.33 days} and cluster
IV (34.38 days) and highest cluster mean was observed in cluster VII

(36.33 days]).

4.2.3.4 Days to first fruit maturity

For days to first fruit maturity, the lowest cluster mean (Table-19)
was observed in cluster VI (58.67 days) followed by cluster V (66.67 days)
and cluster IV (68.09 days) and highest cluster mean was observed in

cluster I (69.47 days).

4.2.3.5 Plant height at 60 DAT (cm)

The highest cluster mean for this character (Table-19) was
observed in cluster VI (81.67 cm) followed by cluster VII (66.07 cm)} and
cluster IV (64.29 cm) and the lowest cluster mean was observed in

cluster III (§9.47 cm).

4.2.3.6 Number of primary branches at 80 DAT

Cluster mean for number of primary branches at 90 DAT (Table-
19) was the highest in cluster VI (13.67) followed by cluster III (12.03),
cluster IV (11.23) and cluster VII (11.20) and the lowest cluster mean

was observed in cluster V (10.20).
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4.2.3.7 Number of flowers per cluster

The highest cluster mean for this character (Table-19) was
observed in cluster IV (6.27) and cluster VII (6.27) followed by cluster VI
(6.13) and cluster I (5.75) and the lowest cluster mean was observed in

cluster V (4.93).

4.23.8 Pericarp thickness

The highest cluster means for pericarp thickness (Table-19) was
observed in cluster V (0.63 cm) followed by cluster III {0.58 cm) and
cluster I (0.57 cm) and the lowest cluster mean was observed in cluster

VI (0.32 cm).

4.23.9 Number of iocules per fruit

The highest cluster means for locule number (Table-19) was
observed in cluster VII (4.73) followed by cluster II (4.25) and cluster [II

(3.97) and the lowest cluster mean was observed in cluster I (3.25).

4.2.3.10 TSS (°Brix)

Cluster mean for TSS was the highest (Table-19} in cluster [V
(4.31°Brix) followed by cluster II (4.23°Brix) and cluster VII (4.18°Brix)

and the lowest cluster mean was observed in cluster V (3.77°Brix).
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4.23.41 Acidity (%)

The highest cluster mean for acidity (Table-19) was observed in
cluster VI (0.45%) followed by cluster VII (0.43%) and cluster IV {0.42%)

and the lowest cluster mean was observed in cluster I (0.33%).

4.2.3.12 Ascorbic acid (mg/100 g)

The highest cluster mean for ascorbic acid content (Table-19) was
observed in cluster VII (22.85 mg) followed by cluster III (21.40 mg) and
cluster V (17.06 mg) and the lowest cluster mean was observed in cluster

V1 (9.37 mg).

4.2.3.13 Lycopene (mg/100 q)

The highest cluster mean for lycopene content (Table-19) was
observed in cluster VI (12.93 mg) followed by cluster V (12.67 mg) and
cluster II (12.24 mg) and the lowest cluster mean was observed in cluster

IV (9.19 mg).

4.2.3.14 Number of seeds per fruit

For number of seeds per fruit, the highest cluster mean (Table-19)
was observed in cluster VII (253.33) followed by cluster III (213.33) and
cluster II (157.15) and the lowest cluster mean was observed in cluster V

(63.00).
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4.23.15 Average fruit weight (g)

For average fruit weight, the highest cluster mean (Table-19) was
observed in cluster V (210.40 g) followed by cluster VII (140.13 g} and
cluster II (97.25 g} and the lowest cluster mean was observed in cluster

IV (36.08 g).

4.2.3.16 Fruit volume (cc)

The highest cluster mean for fruit volume (Table-19) was observed
in cluster V (150.00 cc) followed by cluster VII (106.00 cc) and cluster I
{76.18 cc) and the lowest cluster mean was observed in cluster IV (25.85

cc).

4.23.17 Per cent fruit set

Cluster mean for per cent fruit set (Table-19) was the highest in
cluster VII (80.93%) followed by cluster IV (80.80%;}, cluster V (79.67%)
and cluster II (79.06%) and the lowest cluster mean was observed in

cluster I (76.70%].

4.23.18 Number of fruits per cluster

Cluster mean for number of fruits per cluster (Table-19) was the
highest in cluster VII (5.07) followed by cluster IV (5.06) and cluster VI

(4.73) and the lowest cluster mean was observed in cluster V (3.93).
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4.23.19 Number of fruits per plant

The highest cluster mean for fruit number (Table-19) was observed
in cluster VI (145.47) followed by cluster IV (73.67) and cluster II (39.87)

and the lowest cluster mean was observed in cluster V (28.93}.

4.2.3.20 Early yield per plant (kg)

For early yield per plant, the highest cluster mean (Table-19) was
observed in cluster VI (1.42 kg) followed by cluster II (1.30 kg}, cluster V
(1.30 kg) and cluster I (1.13 kg) and the lowest cluster mean was

observed in cluster IV (0.70 kg).

4.2.3.21 Total yield per plant (kg)

Cluster mean for total yield (Table-19) was the highest in cluster VI
((2.91 kg) followed by cluster II (2,89 kg). Cluster V (2,67 kg) and cluster I

(2.51 kg) and the lowest cluster mean was observed in cluster IV (1.54

kg).



DISCUSSION



V. DISCUSSION

Success of crop improvement programme depends on the extent of
genetic variability existing in the population or germplasm. Magnitude of
genetic variability can determine the pace and quantum of genetic
improvement through selection or through hybridisation followed by
selection. Therefore, in the present investigation, assessment of genetic
variability in tomato was carried out and the results of the experiments

are discussed in this chapter.

51 GENETIC VARIABILITY

Existence of genetic variability among the genotypes for the
character to be improved is the most basic requirement for successful
selection. In the present investigation, variance due to genotypes was
highly significant (at p=0.01) for plant height at 30, 60 and 90 days after
transplanting (DAT), number of primary branches (at 30, 60 and 90
DAT), stem girth (at 60 and 90 DAT), number of flowers per cluster,
length of the flower, breadth of the flower, days to first flowering, days to
50 per cent flowering, days to first fruit set, days to first fruit maturity,
per cent fruit set, number of fruits per cluster, number of fruits per
plant, average fruit weight, early yield per plant, total yield per plant,
yield per hectare, polar and equatorial diameter of the fruit, fruit shape

index, pericarp thickness, number of locules per fruit, total soluble solids
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(TSS), acidity, TSS : acid ratio, fruit pH, ascorbic acid, lycopene, fruit
volume, fruit density, number of seeds per fruit and thousand seed

weight.

Means of genotypes varied greatly for several traits, indicating the
higher magnitude of variability. The range in the values reflects the
amount of phenotypic variability. Mean values of genotypes ranged
greatly when compared to previous findings for plant height (at 60 and
90 DAT), number of primary branches (at 90 DAT), number of flowers per
cluster, days to first fruit maturity, per cent fruit set, number of fruits
per plant, total yield per plant, average fruit weight, number of locules
per fruit and seed weight (Reddy and Guishanlal, 1987}, stem girth (at 90
DAT), TSS, acidity and ascorbic acid (Paranjothi and Muthukrishnan,
1979}, days to first flowering (Prasad and Prasad, 1976}, days to 50 per
cent flowering, fruit shape index and pericarp thickness (Pujari et al,
1995), number of fruits per cluster (Narendrakumar and Arya, 199§),
yield per hectare (Mohanty, 2003), polar and equaterial diameter of the
fruit (Das et al., 1998}, TSS : acid ratio (Padda et al., 1971}, fruit pH, fruit
density (Kasrawi and Amr, 1990}, lycopene (Pradeepkumar and Tewari,

1999) and number of seeds per fruit (Bhutani et al., 1983).

Range in mean values is not reliable since it includes genotypic,
environment and genotypic x environment interactions. Hence, estimates

of genotypic variance and phenotypic variance was carried out.
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Genotypic and phenotypic variances were high for several traits, like
plant height, number of primary branches, number of fruits per cluster,
number of fruits per plant, total yield per plant (Narendrakumar and
Arya, 1995), average fruit weight, polar and equatorial diameter of the
fruit (Singh et al.,, 1988). Difference between genotypic and phenotypi'c
variance was very low for characters like TSS, acidity, fruit pH, ascorbic
acid and lycopene content (Mala and Vadivel, 1999) and it implies that,
there is less influence of environment and consequently selection can be

very effective for these traits.

Genotypic variance and phenotypic variances are ihfluenced by the
units used for measuring the particular plant character. Coefficient of
variation will nullify such effects and comparisons can be made across
the traits and across the findings. In the present investigation, high
genotypic coefficient of variation (GCV) and phenotypic coefficient of
variation (PCV) was observed for number of primary branches at 30 DAT
(Mohanty, 2003), number of fruits per plant (Pujari et al,, 1995; Reddy
and Gulshanlal, 1987) and number of seeds per fruit (Bhutani et al,
1983). High GCV was also reported for number of seeds per fruit in
watermelon {(Rajendran and Thamburaj, 1994). It indicates existence of
broad genetic base, which would be amenable for further selection.
Moderate GCV and PCV were observed for early and total yield per plant
(Bora et al., 1993; Reddy and Gulshanlal, 1987} and average fruit weight

(Mohanty, 2003; Rattan et al,, 1983]. In contrast to the present findings,
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high GCV and PCV were reported for average fruit weight by Mala and
Vadivel (1999) and Krishnaprasad and Mathurarai (1999}. Moderate GCV
and PCV was also observed for number of locules per fruit
(Pradeepkumar and Tewari, 1999; Das et al, 1998}, acidity
(Pradeepkumar and Tewari, 1999; Arora et al., 1982), TSS : acid ratio,
lycopene (Pradeepkumar and Tewari, 1999; Mala and Vadivel, 1999) and
fruit volume, which indicates presence of moderate amount of variability

for these traits.

Low GCV and PCV was observed for plant height at 30, 60 and 90
DAT (Singh et al, 1988; Sahu and Mishra, 1995), number of primary
branches at 60 and 90 DAT (Narendrakumar and Arya, 1995; Sahu and
Mishra, 1995), stem girth at 90 DAT (Paranjothi and Muthukrishnan,
1979), number of flowers per cluster (Reddy and Gulshanlal, 1987}, days
to first flowering (Parvindarsingh et al., 2002; Sahu and Mishra, 1995)
and days to 50 per cent flowering. Low GCV and PCV was also observed
for days to first fruit set (Singh et al., 1988), days to first fruit maturity
(Das et al., 1998; Reddy and Gulshanlal, 1987) and per cent fruit set. For
per cent fruit set moderate GCV and PCV was reported by Reddy and
Gulshanlal (1987). Low GCV and PCV was observed for number of fruits
per cluster (Narendrakumar and Arya, 1995; Bora et al.,, 1993}, polar and
equatorial diameter of the fruit (Sahu and Mishra, 1995; Singh et al.,
1088), fruit shape index, pericarp thickness, TSS (Pujari et al., 1995},

fruit pH (Padda et al., 1971), ascorbic acid (Mala and Vadivel, 1999;



1195

Pradeepkumar and Tewari, 1999), fruit density (Pradeepkumar and
Tewari, 1999) and thousand seed weight. For thousand seed weight, high
GCV and PCV was reported by Reddy and Gulshanlal (1987). Low GCV
and PCV observed for all these characters indicated the narrow genetic
base and hence variability has to be generated either thr'ough
introduction or by hybridising divergent genotypes to recover

transgressive segregants.

Coefficient of variation indicates only the extent of variability
present in germplasm for different characters, but for the prediction of
response to selection heritability estimates are useful. Very high broad
sense heritability (»90%]) was observed for length of the flower, breadth of
the flower and average fruit weight (Parvindarsingh et al., 2002}, polar
and equatorial diameter of the fruit {(Mala and Vadivel, 1999) and fruit
shape index. Very high broad sense heritability was also observed for
TSS, lycopene and fruit density (Pradeepkumar and Tewari, 1999; Mala
and Vadivel, 1999), fruit pH (Mala and Vadivel, 1999}, fruit volume and
number of seeds per fruit (Bhutani et al, 1983) and thousand seed
weight (Reddy and Gulshanlal, 1987; Arora et al., 1982). Hence, these

characters can be improved through selection.

Very oftenly, heritability in broad sense is not the true indicator of
inheritance of traits, since, only additive component of genetic variance is

efficiently transferred from generation to generation. Therefore,
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heritability in broad sense may mislead in judging the effectiveness of
selection for the trait. Considering heritability in broad sense along with
genetic advance may reveal the prevalence of specific components
(additive or non-additive) of genetic variance and thus helps in judging
the effectiveness of selection for the trait more accurately. 'High
heritability accompanied with high genetic advance indicates the
prevalence of additive gene effects and hence, selection would be effective
for such traits. The high values of genetic advance over mean (GAM)
coupled with high estimates of heritability was observed for characters,
viz., number of flowers per cluster, length of the flower, breadth of the
flower, days to first flowering, days to 50 per cent flowering, number of
fruits per cluster (Bora et al., 1993), number of fruits per plant (Mohanty,
2003; Mala and Vadivel, 1999), average fruit weight (Das et al.,, 1998;
Pujari et al., 1995}, polar and equatorial diameter of the fruit (Mala and
Vadivel, 1999; Das et al,, 1998}, fruit shape index (Pujari et al,, 1995},
pericarp thickness and number of locules per fruit (Pradeepkumar and
Tewari, 1999}, TSS and lycopene content (Mala and Vadivel, 1999}. This
. indicates predominance of additive component for these traits and hence

direct selection would be more effective in improving these traits.

High heritability with low genetic advance {(GA) indicates the
importance of non-additive gene action. High heritability with moderate
to low GAM observed for days to first fruit set, fruit density and fruit pH,

indicated the prevalence of non-additive components and there can be
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little response to selection and these traits can be exploited through

heterosis breeding.

Low heritability with high GA indicates the importance of additive
gene effects. Moderate heritability with high GAM was obtained for
characters, viz., early yield per plant, total yield per plant (Srivastavg and
Sachan, 1973), acidity (Paranjothi, and Muthukrishnan, 1979}, TSS :
acid ratio and ascorbic acid. Low heritability with high GAM was also
observed for number of primary branches at 30 DAT (Narendrakumar
and Arya, 1995). This indicates the importance of additive gene effects for

these traits and there can be better response to selection.

Low heritability with low GA indicates that, the character is highly
influenced by environmental effects and selection would be ineffective.
Moderate heritability with moderate GAM was obtained for characters,
plant height at 30 DAT and stem girth at 60 DAT. Moderate heritability
with low GAM was obtained for characters, stem girth at 90 DAT and
days to first fruit maturity. Low heritability with moderate GAM was
obtained for the characters like plant height at 60 DAT (Narendrakumar
and Arya, 1995) and number of primary branches at 60 DAT. Low
heritability coupled with low GAM was obtained for the characters plant
height at 90 DAT (Singh et al.,, 1988), number of primary branches at 90

DAT (Sahu and Mishra, 1995} and per cent fruit set. These findings
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elucidate prevalence of higher influence of environment on these traits

and hence, selection would be ineffective.

Prevalence of high degree of additive components of genetic
variance and presence of high GCV and PCV for characters, number of
fruits per plant, yield per plant, average fruit weight, fruit volume and
number of seeds per fruit indicated the possibility of achieving higher
degree of genetic improvement for these traits through selection using

the existing germplasm stock at the centre.

§.2 CORRELATION AND PATH ANALYSIS

For rational approach towards the improvement of yield, selection
has to be made for the components of yield, since there may not be genes
for yield per se, but only for various yield components (Grafius, 1959).
Many of these yield contributing characters are interacted in desirable
and undesirable direction. Hence, knowledge of association between the
traits can greatly help in avoiding inversely related compensation effects

during selection.

A narrow difference between the genotypic and phenotypic
correlation coefficients was observed for various traits in the present
findings and this indicates the lesser influence of environment in the
expression of these traits and presence of strong inherent association

among the traits. Number of primary branches at 90 DAT was positively
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and significantly correlated with plant height at 60 DAT at both
genotypic and phenotypic level (Mohanty, 2003; Raijadhav et al., 1996}.
Stem girth at 90 DAT was positively and significantly correlated with
plant height at 60 DAT and number of primary branches at 90 DAT at
both genotypic and phenotypic levels, This indicates there is strong

association between vegetative traits.

Days to first flowering, days to fifty per cent flowering, days to first
fruit set and days to first fruit maturity were significantly and negatively
associated with plant height (at 60 DAT), number of primary branches {(at
90 DAT) and stem girth (at 90 DAT) at genotypic level. These results
elucidated the inverse relationship between earliness and growth
parameters. Days to first flowering, days to fifty per cent flowering, days
to first fruit set and days to first fruit maturity were significantly (at
p=0.01) and positively associated among themselves with greater than
0.760 correlation coefficients at phenotypic as well as at genotypic levels.
This indicates the presence of very strong association among the

earliness parameters.

Per cent fruit set was positively and significantly correlated with
plant height at 60 DAT, stem girth at 90 DAT, number of locules per fruit
and number of seeds per fruit, but it had negative and significant
association with number of flowers per cluster (Raijadhav et al., 1996)

and equatorial diameter of the fruit at genotypic level. This indicates the
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inverse relationship between per cent fruit set and number of flowers per
cluster. Better growth results into more photosynthetic area and
production of more photosynthates resulting into better fruit set. When
there is more competition for photosynthates through increased number

of flowers per cluster, fruit set ~ is reduced.

Number of fruits per cluster was positively and significantly
associated with number of flowers per cluster at genotypic and
phenotypic levels, Similar results were reported by Sharma and
Kishanswarcop (2000} in brinjal. Number of fruits per cluster was
positively and significantly associated with per cent fruit set (Dhankar et
al., 2001) at phenotypic level. These results indicated that, per cent fruit
set has greatly contributed for increased number of fruits per cluster.
Number of fruits per cluster had negative and significant association
with equatorial diameter of the fruit (Srivastava and Sachan, 1973), fruit
volume, pericarp thickness and average fruit weight (Fageria and Kohl,
1996}, number of primary branches at 90 DAT and polar diameter of the
fruit at genotypic and phenotypic levels, This implies that increase in
number of fruits per cluster consequently decreases polar and equatorial
diameter of the fruit, average fruit weight and fruit volume and it is
attributed to competition between sinks (fruits) for source
(photosynthates). This negative association need to be broken by inter se
mating, since number of fruits per cluster is a strong contributor for total

number of fruits, which is an ultimate yield contributing trait.
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Polar diameter of the fruit was negatively and significantly
associated with plant height at 60 DAT (Krishnaprasad and Mathurarai,
1999), number of primary branches at 90 DAT (Mala and Vadivel, 1999),
number of flowers per cluster, both at genotypic and phenotypic level.
And hence, plants with indeterminate growth habit had decreased polar
diameter of the fruit. Equatorial diameter of the fruit was positively and
significantly associated with polar diameter of the fruit (Singh et al.,
1988). Therefore, for improvement of fruit size, both polar and equatorial

diameter of the fruit should be considered simultaneously for selection.

Pericarp thickness was positively and significantly associated with
polar and equatorial diameter of the fruit at genotypic and phenotypic
levels, Pericarp thickness was negatively and significantly associated with
number of primary branches at 90 DAT, number of flowers per cluster
and plant height at 60 DAT (Fageria and Kohli, 1996}, indicating inverse
relaﬁonship between pericarp thickness and vegetative parameters. This
is attributed to increased fruit number with indeterminate growth habit
as the fruit number is positively associated with growth parameters and
negatively associated with pericarp thickness. Number of locules per fruit
was positively and significantly associated with equatorial diameter of the
fruit (Singh et al., 1974), number of primary branches (at 90 DAT), stem
girth (at 90 DAT) and plant height (at 60 DAT) at genotypic level. This is
attributed to better growth resulting into better fruit size and more

number of locules as revealed by correlation studies.
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Number of seeds per fruit was positively and significantly
associated with number of locules per fruit, plant height (at 60 DAT),
number of primary branches (at 90 DAT) and stem girth (at 90 DAT) at
both genotypic and phenotypic levels. Number of seeds per fruit was
negatively and significantly associated with polar diameter of the fruit at
genotypic and phenotypic level. Better growth resulited into better 'fruit
size and more number of locules and more seeds. High seed number is a
desirable traits for getting higher seed yield, but for processing purpose,
less number of seeds per fruit is preferred. Hence, selection can be
exercised to reduce or increase the number of locules to alter number of

seeds per fruit.

Average fruit weight was positively and significantly associated
with fruit volume, polar and equatorial diameter of the fruit, number of
locules per fruit (Krishnaprasad and Mathurarai, 1999}, pericarp
thickness (Dudi and Kalloo, 1982} at both genotypic and phenotypic
levels, Thus, average fruit weight is greatly contributed by these traits.
Averge fruit weight was inversely associated with number of primary
branches at 90 DAT (Raijadhav et al.,, 1996; Mala and Vadivel, 1999},
number of flowers per cluster (Reddy and Gulshanlal, 1987; Raijadhav et
al,, 1996) and plant height at 60 DAT (Fageria and Kohli, 1996; Mohanty,
2003) at both genotypic and phenotypic levels. This is attributed to its
(average fruit weight) inverse relation with number of fruits, where more

competition for photosynthates resulted into reduced fruit size.
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Correlation studies also revealed that, average fruit weight is inversely

associated with earliness parameters.

Number of fruits per plant was positively and significantly
associated with plant height at 60 DAT, (Raijadhav et al., 1996}, number
of primary branches at 90 DAT (Mala and Vadivel, 1999}, stem girth at
90 DAT, number of fruits per cluster (Narendrakumar and Arya, 1995)
per cent fruit set and number of flowers per cluster (Reddy and
Gulshanlal, 1987). Number of fruits per plant was negatively and
significantly associated with polar diameter of the fruit (Singh et al,
1974), fruit volume, average fruit weight (Mohanty, 2003; Raijadhav et
al., 1996}, equatorial diameter of the fruit (Singh et al., 1974; Das et al.,
1998), pericarp thickness (Dudi and Kalloo, 1982), days to first fruit
maturity, days to 50 per cent flowering, days to first fruit set and days to
first flowering at both genotypic and phenotypic levels, indicating the
inverse relationship. Correlation studies indicated that increased fruit
number is the result of better growth, early flowering, good fruit set and
higher number of flowers and fruits per cluster. Increased fruit number
has resulted into reduced fruit size in terms of polar and equatorial
diameter, weight of fruits and fruit volume. These negative associations
need to be broken by inter se mating and selection, since number of

fruits as well as fruit size greatly contributed for total yield.
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Early yield per plant was positively and significantly associated

with stem girth (at 90 DAT), number of primary branches (at 90 DAT)
and plant height (at 60 DAT), equatorial diameter of the fruit, fruit
volume, average fruit weight, pericarp thickness, polar diameter of the
fruit and number of fruits per plant (Dudi and Kalloo, 1982) at genot_ypic
level. Thus, number of fruits, fruit size and growth traits have greatly
contributed for early yield. Early yield per plant was negatively and
significantly associated with days to first fruit maturity, days to first fruit
set, days to first flowering, days to 50 per cent flowering at genotypic
level and it (early yield) was negatively and significantly associated with
number of flowers per cluster and number of fruits per cluster at both
genotypic and phenotypic levels, The strong association between earliness
traits is thus evident. For getting higher early and total yield negative

selection needs to exercise on number of flowers and fruits per cluster.

Total yield per plant was positively and significantly associated
with early yield per plant (Dudi and Kalloo, 1982}, equatorial diameter of
the fruit (Mala and Vadivel, 1999), fruit volume, average fruit weight,
polar diameter of the fruit, number of fruits per plant (Das et al., 1998},
per cent fruit set, stem girth (at 90 DAT)}, number of locules per fruit
(Raijjadhav et al,, 1996}, plant height (at 60 DAT), pericarp thickness and
number of seeds per fruit at both genotypic and phenotypic levels. Total
yield per plant was negatively and significantly associated with number

of flowers per cluster and number of fruits per cluster (Fageria and Kohli,
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1996) at both genotypic and phenotypic levels. Correlation studies
revealed that yield can be improved by selecting genotypes for better
growth, high fruit set, big fruit size, thick pericarp, more number of fruits

per plant and less number of flowers and fruits per cluster.

5.2.1 Path analysis

Though correlation analysis indicates the association pattern of
component traits with yield, they simply represent the overall influence
of a particular trait on yield rather than providing cause and effect
relationship. The technique of path coefficient analysis developed by
Wright (1921} and demonstrated by Dewey and Lu (1957) facilitates the
partitioning of correlation coefficients into direct and indirect
contribution of various characters on yield. It is standardised partial
regression coefficient analysis. As such, it measures the direct influence
of one variable upon other. Such information would be great value in
enabling the breeder to specifically identify important component traits of
yield and utilise the genetic stock for improvement in a planned way. In
the present study, path coefficient analysis between the components of
tomato yield was worked. As the genotypic association are inherent, the

path analysis is discussed at genotypic level

Average fruit weight was positively and significantly correlated
(rG=0.354) with total yield and it had positive and high direct effects

(0.199) on total yield (Mohanty, 2003; Dhankar et al., 2001}, but it had
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high indirect and positive effects through early yield per plant (0.330)
~and negative effects through fruit volume (-0.200) on total yield.
Therefore, for improvement of yield, average fruit weight needs to be

considered along with early yield and fruit volume.

Fruit volume was positively and significantly correlated (rG=0.408}
with total yield and it had negative and high direct effects (-0.200} on
total yield, but it had high indirect and positive effects through early
yield per plant (0.384) and average fruit weight (0.200) on total yield.
Under these circumstances, the indirect causal factors like early yield
and fruit weight also need to be given due consideration along with fruit

volume simultaneously for selection.

Number of flowers per cluster was negatively and significantly
correlatd (rG=-0.415)} with total yield and it had negative and high direct
effects (-0.218) on total yield, but it had high indirect and negative effects
through early yield per plant (-0.423) and high indirect and positive
effects through number of fruits per cluster (0.222) on total yield. Similar
results were reported by Sharma and Kishanswarcop (2000) in brinjal.
Under these circumstances, the indirect causal factors also need to be

considered simultaneously for selection.

Number of fruits per cluster was negatively and significantly
correlated (rG=-0.355) with total yield and it had positive and high direct

effects (0.241) on total yield (Dhankar et al, 2001} and it had high
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indirect and negative effects through early yield per plant (-0.385) and
number of flowers per cluster (-0.201) on total yield. Under these
circumstances, a restricted simultaneous selection model {Singh and
Kokar, 1977) can be followed, i.e., restrictiens are to be imposed to
nullify the undesirable indirect effects through early yield per plant and
number of flowers per cluster in order to make use of direct effects of

number of fruits per cluster on total yield.

The correlation coefficient between total yield and early yield
(rG=0.994) is almost equal to the direct effects (1.034) of early yield per
plant on total yield (Dudi and Kalloo, 1982}, Hence, direct selection for

early yield per plant will be more reliable for yield (total) improvement.

Polar {rG=0.287) and equatorial {(rG=0.496) diameter of the fruit
were positively and significantly correlated with total yield, and these
characters had no direct effects on total yield, but both of these traits
had high indirect and positive effects through early yield per plant and
average fruit weight. Similar results were reported in brinjal by Ingale
and Patil (1995). Therefore, the indirect causal factors alsc need to be

considered for simultaneous selection.

Plant height at 60 DAT, number of primary branches at 90 DAT,
stem girth at 90 DAT, pericarp thickness, number of locules per fruit,
number of seeds per fruit and number of fruits per plant were positively

and significantly correlated with total yield and these traits had no direct
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effects on total yield. These characters had high indirect and positive
effects through early yield per plant on total yield. Similar results were
reported by Dudi and Kalloo {(1982). Hence, the indirect causal factors

also need to be considered for selection.

53 GENETIC DIVERGENCE

The genus Lycopersicon possesses a wealth of genetic diversity and
cultivated tomato (Lycopersicon esculentum Mill) is one of the nine
species belonging to this genus. Apart from the cultivated species, the
wild species do have a great potential value because of diversity of their
germplasm (Rick, 1978). The importance of genetic diversity has been
widely appreciated. Recognising and estimating such diversity has
always been a difficult task. Multivariate analysis utilising the concept of
statistical distance has been found to be a very powerful statistical tool
in estimating diversity in biological populations. It has been successfully
employed even in situations where overlapping of characters rendered
the conventional methods of classification ineffective (Sokal, 1965 and

Murthy et al., 1967).

Ecological diversity has been regarded as a reasonable index of
genetic diversity (Vavilov, 1926; Moll et al., 1962 and Ram and Panwar,
1970). Assuming this, the cultivars from widely separated localities have
been included in the hybridisation programme by most of the plant

breeders for recovering promising segregants. But, Sachan and Sharma
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(1971) could not find any direct relationship between geographic
distribution and genetic diversity in crops belonging to different breeding
systems. The material for present study includes 67 genotypes.
Nevertheless, considerable diversity was implied by the magnitude of all
the possible D2 values, which ranged from 86.717 to 243.70. Sixty-seven
genotypes were grouped into 7 clusters, which had considerably high

intra- and inter-cluster D2 values (Table-18).

Intra-cluster distance revealed that, cluster IV with 7 numbers of
genotypes showed maximum intra-cluster diversity (D2=68.998) followed
by cluster I {D2=61.060) with 44 genotypes, cluster II (D2=57.351) with 11
genotypes and cluster III (D2=23.327) with 2 genotypes. The clusters V,
VI and VII had no intra-cluster distance (D2=0.000) as they possessed

single genotype in each.

Based on distance between clusters, i.e., inter-cluster distance, the
maximum divergence was observed between cluster V and VI
(D2=243.700), closely followed by cluster Ill and V (D2=239.740j}, cluster
IV and V (D2=222.521), cluster IV and VII (D2=211.82), cluster VI and VII
(D2=209.086 ) and cluster V and VII (D2=207.860). The cluster II revealed

the least distance relationship with the cluster III (D?=86.717).

These clusters have been formed based on the contribution of
different characters to the divergence which includes number of seeds

per fruit contributing maximum (56.63%) to genetic diversity followed by
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average fruit weight (31.75%), number of fruits per plant (7.64%} and
fruit volume (2.04%). However, plant height at 60 DAT (1.31%)}, days to
first fruit maturity (0.27%), per cent fruit set (0.23%), lycopene content
(0.09%) and days to first fruit set (0.05%) have contributed meagrely to

the divergence.

For number of seeds per fruit, the highest cluster mean (Table-19)
was shown by the cluster VII followed by cluster 111, cluster Il and cluster
VI. The inter-cluster distance between cluster VII and VI (D2=209.086},
cluster III and VI (D2=145.533} and cluster I and VI (D2=137.105) were
comparatively high. Hence, hybridisation between the genotypes of these
respective clusters can be attempted to get fruits with high number of
seeds which is necessary for the seed industry. However, this may not be

useful for developing varieties suited for processing.

For average fruit weight and fruit volume, the highest cluster mean
(Table-19) was shown by cluster V followed by cluster VII, cluster II and
cluster I. The inter-cluster distance between the cluster V and VII
(D2=207.860) and cluster VII and clustcr_ I (D2=192.943) were
comparatively high. Hence, the crosses between the genotypes of these
respective clusters may be tried for improvement of average fruit weight,

which ultimately contribute to the total yield.

For number of fruits per plant, the highest cluster means (Table-

19) was shown by the cluster VI, followed by cluster IV. The inter-cluster
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distance between cluster VI and IV (D2=106.005) was high. Hence,
crosses can be made between the genotypes of these respective clusters
for improvement of number of fruits per plant, which will ultimately
contribute for yield improvement. Although, early and total yield had not
contributed for divergence, the highest cluster mean for these traits
(Table-19) was shown by cluster VI followed by cluster II, cluster V and
cluster 1. The inter-cluster distance between cluster VI and V
(D2=243.700} and cluster Il and V (D?=169.519) were comparatively high
and hence crosses between the genotypes of these respective clusters

may be tried for improvement in early and total yield.

For plant height at 60 DAT, the highest cluster means (Table-19)
was shown by cluster VI, followed by cluster VII, cluster IV and cluster I
and cluster V. The highest inter-cluster distance was observed between
cluster VI and V (D2=243.700), followed by cluster IV and V
(D2=222.521), cluster VII and IV (D?=211.820) and cluster VI and VII
(D2=209.086). Therefore, crosses between the genotypes belonging to
these respective clusters may be tried to isolate genotypes with tall
plants, which ultimately help in increasing the branches, flowers, fruit

set and finally the yield as revealed by correlation studies.

For days to first flowering, days to 50 per cent flowering, days to
first fruit set and days to first fruit maturity, the lowest cluster mean

(Table-19) was observed in cluster VI followed by cluster V and cluster
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IV. The inter-cluster distance between cluster VI and V (D2=243.700)
was comparatively high. Therefore, the crosses between the genotypes KT
49 (cluster VI} and KT 45 (cluster V) may be tried to improve earliness

characters.

For per cent fruit set, the highest cluster mean (Table-19} was
shown by cluster VII, followed by cluster IV, cluster V and cluster II. The
inter-cluster distance was between cluster IV and V (D2=222.521)
followed by cluster VII and IV (D2=211.82) and cluster VII and V
(D2=207.860). Hence, crosses between the genotypes of these respective
clusters can be attempted to improve per cent fruit set to realise higher
number of fruits, which ultimately help in yield improvement as

supported by correlation studies.

For lycopene content, the highest cluster mean (Table-19} was
shown by cluster VI followed by cluster V and cluster II. Inter-cluster
distance between cluster VI and V (D?=243.700) was comparatively high
and hence, the hybridisation programme may be employed between the
genotypes of these clusters to improve lycopene content, which is a

potential anti-oxidant used to counter cancer diseases.
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FUTURE LINE OF WORK

1. Number of fruits per plant, yield per plant, average fruit weight, fruit
volume and number of seeds per fruit can be improved through direct
selection from the existing germplasm stock, as there is high degree of
additive components of genetic variance and high GCV and PCV for

these traits.

2. Yield can be improved by selecting genotypes for better growth, high
fruit set, big fruit size, thick pericarp, more number of fruits per
plant, less number of flowers per cluster and fruits per cluster. For
improvement of total yield per plant, breeder should give due
consideration for early yield per plant, average fruit weight, fruit
volume, number of flowers per cluster and number of fruits per
cluster, since these traits had high direct and indirect effects on total

yield as revealed by genotypic path analysis studies.

3. For recovering improved progenies for growth, yield and quality
parameters, crosses can be attempted between the genotypes
belonging to cluster V and VI, cluster IIf and IV, cluster IV and V and

cluster IV and VII as revealed by divergence studies.

4. The high yielding genotypes KT 40, KT 17 and KT 46 which had firm
fruits can be further assessed for stability before exploiting them for

commercial cultivation.
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vi. SUMMARY

The investigations on genetic variability and divergence in tomato
were undertaken with the objectives of studying the nature and extent of
genetic variability and divergence in tomato germplasm for growth,
earliness, flowering, yield and quality parameters and to study the
association of growth, earliness, yield and quality parameters in tomato
germplasm. The experiment on genetic variability was carried out in the
fields of Olericulture Unit of Kittur Rani Channamma College of
Horticulture, Arabhavi, Belgaum district of Karnataka involving 67
genotypes. Entries were evaluated in randomised block design with three
replications. Various growth, yield and quality parameters recorded were

subjected to statistical analysis using SPAR 1 and INDOSTAT softwares.

Variability studies

The variance due to genotypes was highly significant for all the
characters studied. Means of genotypes varied greatly for several traits
indicating the higher magnitude of variability in the germplasm. High
(>40%) genotypic coefficient of variation (GCV) and phenotypic coefficient
of variation (PCV) was observed for number of primary branches at 30
days after transplanting (DAT), number of fruits per plant and number of
seeds per fruit. Moderate {10-39%) GCV and PCV were observed for early

and total yield, average fruit weight, number of locules per fruit, acidity,
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TSS : acid ratio, lycopene content and fruit volume. Low (<10%) GCV and
PCV were observed for plant height at 30, 60 and 90 days after
transplanting (DAT), number of primary branches at 60 and 90 DAT,
stem girth at 90 DAT, number of flowers per cluster, days to first
" flowering, days to 50 per cent flowering, days to first fruit set, days to
first fruit maturity, per cent fruit set, number of fruits per cluster, polar
and equatorial diameter of the fruit, fruit shape index, pericarp
thickness, TSS, fruit pH, ascorbic acid content, fruit density and

thousand seed weight.

Higher (>20%) values of genetic advance over mean (GAM) coupled
with high (>70%) estimates of heritability (h? was observed for
characters, viz., number of flowers per cluster, length of the flower,
breadth of the flower, days to first flowering, days to 50 per cent
flowering, number of fruits per cluster, number of fruits per plant,
average fruit weight, polar and equatorial diameter of the fruit, fruit
shape index, pericarp thickness, number of locules per fruit, TSS and
lycopene content indicating predominance of additive genetic
components for these traits. High heritability (>70%) with moderate to
low GAM (<20%) was observed for days to first fruit set, fruit density and
fruit pH, indicating the prevalence of non-additive genetic components
for these traits. Moderate heritability (40-69%) with high GAM (>20%)
was observed for characters, viz., early yield per plant, total yield per

plant, acidity, TSS : acid ratio and ascorbic acid content. Low heritability
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(«40%) with high GAM (>20%) was observed for number of primary
branches at 30 DAT. This indicates the importance of additive gene
effects for these traits. Moderate heritability (40-69%) with moderate
GAM (10-20%) was observed for characters, viz., plant height at 30 DAT
and stem girth at 60 DAT. Moderate heritability (40-69%) with low GAM
(<10%) was obtained for characters, viz., stem girth at 90 DAT and days
to first fruit maturity. Low heritability (<40%) with moderate GAM (10-
20%) was observed for the characters, viz., plant height at 60 DAT and
number of primary branches at 60 DAT. Low heritability {(<40%) coupled
with low GAM (<10%) was obtained for characters, viz., plant height at 90
DAT, number of primary branches at 90 DAT and per cent fruit set,

indicating higher influence of environment on these traits.

Correlation studies

Number of fruits per plant was positively and significantly
associated with plant height at 60 DAT, number of primary branches at
90 DAT, stem girth at 90 DAT, number of fruits per cluster, per cent fruit
set and number of flowers per cluster at genotypic level. It was negatively
and significantly (at P=0.01) associated with polar diameter of the fruit,
fruit volume, average fruit weight, days to first fruit maturity, days to 50

per cent flowering, equatorial diameter of the fruit, pericarp thickness,

days to first fruit set and days to first flowering.
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Total yield per plant was positively and significantly associated

with early ﬁeld per plant, equatorial diameter of the fruit, stem girth at
| 90 DAT, fruit volume, average fruit weight, pericarp thickness, number of
primary branches at 90 DAT, polar diameter of the fruit, plant height at
60 DAT, number of seeds per fruit, number of locules per fruit, per cent
fruit set and number of fruits per plant at genotypic level. Total yield per
plant was negatively and significantly associated with number of flowers
per cluster and number of fruits per cluster at both genotypic and

phenotypic level.

Path analysis

Early yield per plant had high direct and positive effects on total
yield at both genotypic (1.034) and phenotypic (0.948) level. Number of
flowers per cluster had high direct and negative effect {-0.218} and high
indirect effects through number of fruits per cluster (0.222) and early
yield per plant (-0.423) on total yield. Average fruit weight had high direct
and positive effects (0.199) and high indirect effects through early yield
per plant {0.330) and fruit volume (-0.200} on total yield. Number of
fruits per cluster had high direct and positive effects (0.24 1} on total yield
and it also had high indirect and negative effects through early yield per

plant (-0.385) and number of flowers per cluster (-0.201) on total yield.



138

Genetic divergence

A study on genetic diversity was carried out for 67 genotypes using
Mahalanobis’s D? statistic with Tocher’s method. The 67 genotypes were
grouped into 7 clusters. A maximum of 44 genotypes entered in cluster I,
followed by 11 genotypes in cluster lI, 7 genotypes in cluster IV, two
genotypes in cluster [II and the clusters V, VI and VII had solitary

genotype in each.

The cluster IV showed maximum intra-cluster distance
(D?=68.998) followed by cluster I (D2=61.060), cluster II (D2=57.351) and
cluster IV (D?=23.327). The clusters V, VI and VII had no intra-cluster

distance {D?=0.000) as they possessed single genotype in each.

Based on inter-cluster distance, the maximum divergence was
observed between clusters V and VI (D2=243.700), closely followed by
cluster lII and V (D?=239.740), cluster IV and V (D2=222.521), clusters IV
and VII (D2=211.820), cluster VI and VII (D2=209.459) and cluster V and

. VII (D3=207.860).

Among the 21 characters included for D? analysis, number of
seeds per fruit contributed maximum (56.63%) to genetic diversity
followed by average fruit weight (31.75%), number of fruits per plant

(7.64%) and fruit volume (2.04%).
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APPENDIX-1

Chemical properties of soil from experimental site

SL . QOlericulture
No. Particulars anit Method adopted
1 | Available nitrogen 280.0 Micro Kjeldahl’s
(kg/ha) method
(Black, 1965)
2 | Available 28.5 Olsen’s method
phosphorus (kg/ha) {Jackson, 1967)
3 | Available potassium 440.0 Flame
(kg/ha) photometer
{Jackson, 1967)
4 | Soil pH 8.4 PH meter

(Jackson, 1967)




APPENDIX-1Il

Meteorological data recorded during the period of experimentation
(2002-2003) from Agricultural Research Station, Arabhavi

15¢

Month Rainfall Temperature (*C} }El e};té;r;
(m) Maximum Minimum (%o)
April 2002 33.00 36.42 25.25 60.50
May 2002 12.60 35.90 26.66 68.85
June 2002 75.20 29.76 24.63 77.54
July 2002 3.60 29.70 22.20 80.74
August 2002 85.60 27.67 24.00 81.04
September 2002 6.60 26.20 23.10 77.15
October 2002 83.80 29.58 23.48 65.48
November 2002 14.20 29.43 21.93 69.48
December 2002 - 28.80 18.83 62.82
January 2003 - 20.45 19.25 60.45
February 2003 - 32.53 21.42 54.68
March 2003 - 34.35 19.48 69.43






