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ABSTRACT

Genetic variability, correlation and path coefficient analysis were
studied in a set of 36 genotypes of fennel (Foeniculum vulgare Miller) grown
at Main-Spices Research Station, Sardarkrishinagar Dantiwada Agricultural
University, Jagudan. The experiment was conducted during kharif 2003-2004
in a Randomizéd Block Design with three replications. Observations on five
randomly selected plants were recorded for days to 50 per cent flowering, days
to maturity, plant height up to main umbel, plant Height, primary branches per
. plant, total branches per plant, number of effective umbels per plant, diameter

of main umbel, number of umbellates per umbel, number of seeds per



Abstract

umbeliate, number of seeds per main umbel, length of intemode, 1000-seed
~ weight and volatile oil content in seed.

Analysis of variance revealed highly significant differences for all the
characters under study. Thus, wide range of variation was apparent for all the
characters. High genotypic and phenotypic variances were observed for days to
50 per cent flowering, days to mathriry, plant height, plant height up to main
umbel, total branches per plant, number of seeds per main umbel and seed yield
per plant.

The genotypic coefficient of variation was the highest for voklatile oil
content in seed followed by total branches per plant and number of seeds
per main umbel. Heritability estimates were high for seed yield per plant, days
to 50 per cent flowering, number of primary branches per plant, total branches
per plant, test weight and volatile oil C(;ntent. High genetic advance as
percent of mean was recorded for seed yield per plant, days to 50
percent flowering, primary branches per plant, total branches per plant,
effective umbels per plant, number of umbellates per umbel, number of seeds
per main umbel, test weight and volatile oil content suggesting that phenotypic
selection for the traits would be effective.

Correlation analysis revealed that seed yield per plant was positively and
significantly correlated with plant height, primary branches per plant,
total branches per plant and cffective umbels per plant.' These yield

contributing characters also showed positive association among themselves.
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Path coefficient analysis revealed the highest positive direct effect of
number of effective umbels per plant followed by number of seeds umbellate,
total branches per plant and number of umbellates per umbel. Plant height up to
main umbel and primary branches per plant had mairect effects via total
branches per plant and number of effective umbels per plant was high
and pc;sitive.

Based on these findings it is clear that sufficient variability for seed
yield and different yield attributing traits of fennel. Which can be utilized for
further improvement of this crop. It is also suggested that for improving yield
in fennel, more emphasis should be given on plant height, primary branches per
plant, total branches per plant and effective umbels per plant. The culture, JE-
521 had given the highest seed yield, which was significantly higher than all
the improved varieties. Further higher yield of this culture was supported by

high values of attributing traits. This culture may be further evaluated for yield.
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I. INTRODUCTION

Fennel (Foeiziqz‘t‘lu}n vulgare Miller) belongs to family umbelliferae,
having 2n ;22 chromosomes and native of Mediterranean region. Every part
of this plant is aromatic. The seeds have a fragrant smell and pleasant aromatic
taste. The seeds of fennel are widely used in various food preparations, such as
soups, sauces, pastries, confectionery, pickles, liquors efc. The seeds are
aromatic, stimulant and carminative and therefore have pharmaceutical value,

Fennel is an annual, dollar earning seed spice grown both as kharif and
rabi crop in the country. The main fennel growing countries are India,
Lebanon, Egypt, China, Russia, Rumania, Hungary, Germany, France, Italy,
Malaya, Japan, Ceylon, Argentina and US.A. (Mc Millan, 1925 and
Sankarikutty et al., 1978). The area, preduction and productivity of fennel in
India during 2002-2003 were 24090 hectares, 20430 tonnes and 1262 kgha,
respectively. Gujarat ranks first in area (17950 hectares), production (25090
tonnes) and productivity (1398 kg/ha) contributing about 67.00 per cent to the
country's total production (Anonymous, 2002-2003). In Gujarat this crop is
mainly grown in Mehsana, Patan, Banaskantha, Sabarkantha, Ahmedabad and
Anand districts.

The collection, maintenance and evaluation of germplasm are most
crucial and primary steps in any crop improvement programme. For
formulating a successful breeding programme, better understanding of the
nature and magnitude of genetic variability present in the breeding material is
important. Yield is a complex character governed by several other yield

attributing characters. Since, most of the yield attributing characters are
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quantitatively inherited and highly affected by environment, it is difficult to
Judge whether the observed variability is heritable or nét. The primary
parameters, viz., genotypic and phenotypic variances, genetic advance, genetic
gain and heritability are useful in understanding the nature of inheritance of
different traits.

The study of various traits and their associations with each other is an
important strategy designated to break penctic barriers of yield. Correlation
studies are helpful in determining the components of a complex trait like yield.
However, they do not provide an exact magnitude of direct and indirect effects
towards the yield. In this context, path coefficient analysis is an important tool
to partition the correlation coefficients into direct and indirect effects.
This information is useful to breeder in selecting high yielding genotypes,
important yield attributing characters and suitable breeding programime fo‘r
improvement of crop.

Fennel is an important cash crop of North Gujarat and adjoining part of
Rajasthan but very few scientific efforts have been made to improve this crop
through genetic manipulations and therefore, the present study was undertaken
to elicit information on the following aspects of fennel.

> To ascertain the nature and magnitude of variability present in fennel
crop for yield and its attributes.

> To estimate correlation coefficients between yield and its component
characters for suggesting suitable selection criteria.

» To analyze path coefficient for assessing the direct and indirect effects

of individual character on yield.
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II. REVIEW OF LITERATURE

Information regarding genetic variability present in a population,
association of various yield contributing characters and direct and indirect
effects of yield components on seed yield is of immense help to the breeder in
selection of suitable crop improvemt::n[ programme. The available literature on
fennel énd its related Crops has been reviewed and presented in the
following headings.

2.1.  Genetic variability, heritability and genetic advance

2.2, Correlation studies

2.3. Path coefficient analysis

2.1 GENETIC VARIABILITY, HERITABILITY AND GENETIC

ADVANCE:

Variability refers to the presence of differences among the individuals of
a population due to differences in their ge-netic constitution or the environment
in which they are grown. Heritability can be defined as the ratio of the
genotypic variance to phenotypic variance or it specifies the proportion of the
total variability that is due t6 _the genetic causes. Expected genetic advance
represent the shift in a population toward.s superior side under selection
pressure after single generation of selection. In short genetic advance is the
improvement in mean genotypic value of selected plant over base population.

Knowledge of genetic variability present in a population and heritability
are the prerequisites for designing an effective breeding programme for

improvement of any crop. The genetic variability is determined with the help of
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genetic parameters such as genotypic coefficient of variation (GCV),
phenotypic coefficient of variation (PCV), heritability and genetic ad.vaml:e
(GA). Heritabflity in broad sense is the ratio of genotypic variance to the
phenotypic variance, while narrow-sense heritability refers to portion of total
variation, which is due to the additive gene' action.

Panse (1957) postulated the necessity for partitioning the phenotypic
variability into heritable and non-heritable components. He also emphasized on
heritable characters rather than non-heritable because, highly heritable
characters show the least influence of znvironment,

Jeshi et al. (1967) studied 99 inbreds of coriander and reported
significant amount of variability at the phenotypic as. well as genotypic level
for many economic traits.

Mathur et al. (1971) reported high phenotypic variability, in cumin for
plant height, number‘ of branches per plant, yield per plant and 1000-grain
weight whereas days to flower and days to maturity showed low range of gross
variation. The genetic analysis showed high genotypic coefficient of variation
in all the trait-s studied, high heritability was registered for days to maturity,
1000-grain weight, days to flower and yield per plant, number of branches and
plant height. The yield per plant and the 1000-grain weight showed high
genetic advance along with high heritability.

Arumugam and Muthukrishnan (1978) studied the extent of variability
for five economic traits of coriander and reported significant amount of

variability in all the traits except plant height. They also noticed wide range of
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variation for all the traits. Genetic variances and genetic coefficients were
maximum for number of mericarp per plant and plant height.

Mehta and Patel (1980) reported signiﬁcant variability for plant height,
numbers of umbellates per umbel, days to flowering, umbels per plant, seeds
per uinbellate, 1000-seed weight and seed yield per plant. High genotypic and
phenotypic variances recorded for seed yield per plant followed by days to
50 per cent flowering. The heritability estimates were high for 1000-grain
weight, days to flowering and maturity, whereas low for umbels per plant,
umbellates per umbel and grain yield per plant in cumin.

Suthanthirapandian et al. (1980) observed signiﬁcgm varietal
differences for all the traits whi.lc studying 60 genotypes of coriander.
High heritability estimates were exhibited by all the traits ranging from 66.48
per cent for number of primary branches to 84.93 per cent for yield per plant.
They also reported that despite high heritability, the genetic advance was low
for number of umbellates per umbel as corﬁpared to other traits, indicating
non-additive gene effect.

Rama Rao er al. (1981) observed high degree of genotypic and
phenotypic coefficients of variation for total effe'ctive branches per plant,
number of umbels per plant and number of fruits per umbel! in coriander.

Baswana et al. (1983) studied genetic variability for yield and its five
component traits using 50 diverse genotypes of cumin. They reported
significant differences among genotypes suggesting wide range of variation.

The estimates of coefficient of variation revealed that yield per plant, days to
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germination, number of seeds per umbel and plant height had high degree of
genotypic coefficient of variation. Yield per plant exhibited the highest range,
coefficient variation, heritability and genetic advance indicating presence of
additive gene effect and advocated that yield per plant should be given due
importance while selection.

Mehta and Patel (1983) studied 61 genotypes of fennel and observed
wide variation in characters like number of seeds per umbellate, number of
umbellates per umbel and number of umbels per plant. The genetic analysis
revealed high genotypic coefficient of variation, genetic variance, heritability
and genetic advance for number of seeds per umbellate and number of umbels
per plant, indicating dominance or additive genetic effect. Such relationship
pinpoints that these traits may serve as important selection indices in fennel.

Jindal et al. (1985) studied variability in 23 genotypes of coriander and
found that plant height, number of umbels per plant and number of seeds per
umbel exhibited high heritability and genetic advance.

Mehta and Patel (1985) reported significant variability for seed yield per
plant and its related traits in coriander. They observed high heritability for all
the traits. It was the maximum for days to 50 per cant flowering followed by
number of umbels per plant. They further noticed that the additive gene effect
was important for number of umbels per plant and number of seeds per

umbellate and advocated that both these traits should be used as selection

indices for crop improvement.
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Jindal et al. (1986) estimated variability and other genetic parameters for
seed yield of fenmel and five related characters by using 15 genotypes. Plant
height and number of umbellates per umbel showed high heritability. Expected
genetic advance was high for seed yield and umbellates per umbe].

Reddy er al. (1989) studied v'ariability for yield and its component
characters in coriander. From the estimates of heritability and genetic advance,
they suggested that the traits like, number of secondary branches, primary
branches and number of umbels per plant should be considered importani while
selecting for high yielding varieties.

Sharma and Sharma (1989) reported significant variability for plant
height, numbers of branches per plant, days to flowering and maturity, umbels
and umbellates per plant, seeds per umbellate, 1000-grains weight, straw and
grain yield per plant in coriander. The heritability estimates were high f(;['
1000-grain weight, days to flowering and maturity, whereas low for umbels
and umbellates per plant and grain yield per plant.

Agnihotri (1990) observed wide variability for different traits among
49 fennel accessions. He also observed higher estimates of heritability in broad
sense and genetic advance for umbels per plant and yield per plant and per plot.

~ While moderate estimates were obtained for grains per umbel and umbellates

per umbel.

Shridar er al. (1990) studied genetic variability in coriander
(Coriandrum sativum L..) from data derived on 13 characters in 19 indigenous

and exotic genotypes. Considerable variation was reported for number of
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leaves, secondary branches, fresh weight of plant, days to 50 per cent
flowering, 1000-seed weight and seed yield per plant.

Ramavtar er al. (1991a) reported high heritability estimates for grain
yield, days to ﬁowering, primary branches and umbels per plant in cumin.

Sanker and Khader (1991a) studieﬁ genetic variability among 30
genotypes of coriander. They reported that primary branches and umbels per
plant exhibited highest genotypic covariance, heritability and genetic advance.

Bhandari and Gupta (1993) recorded significant differences for ‘all the
twelve traits studied in coriander. They reported high heritability for days to
flowering. 1000-grain weight, and days to maturity, moderate for plant height,
straw yield, umbels, umbellates, and number of primary branches and low for
harvest index, effective branches, grain yield and grains per umbellate.

Patel (1995) observed wide range of variability in 29 genotype of fennel.
Genotypic and phenotypic coefficients of variation were high for seed yield per
plant, plant height, umbels per plani, effective umbels per plant, umbellates per
umbel, seeds pér umbellate and volatile oil. She reported high heritability for
seed yield per plant, days to 50 per cent flowering, days to maturity, umbellates
per main umbel, volatile oil and length of seed.

Agnihotri er al. (1997) evaluated forty-eight genotypes of fennel at the
SKN College of Agriculture, Jobner, for eight yield components. They noticed
significant variability for days to flowering, plant height, branches per plant,
umbels per plant, umbellates per umbel, seeds per umbel, 1000-sced weight,

yield per plant and yield per plot. Broad sense heritability was high for
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1000-seed weight, umbels per plant and seed yield per plant, while genetic
advance was high for umbels per plant, yield per plant and yield per plot.

Dhayal er al. (1999) studied variability in nine genotypes of cumin
grown under normal and saline soil. They reported higher estimates for
' genotypic coefficients of variance, phenotypic coefficients of variance,
heritability and genetic advance for plant height, number of umbels per plant,
number of seeds per umbel, test weight, seed yield per 10 plants, on normal soil
and number of seeds per umbel and test weight on saline soil,

Yadav (1999) evaluated coriander germplasm collection at Raigarh,
Jabalpur, Madhya Pradesh. They found wide variation in yield components,
indicating the suitability of the germplasm for breeding programme.

Tripathi e'r al. (2000) evaluated forty strains per genotypes of coriander
including controls to work out phenotypic and genotypic coefficients of
variation, heritability, genetic advance and correlation coefficients for 10
metric traits. They found high estimates of PCV, GCV, heritability and GA and
indicated substantial genetic variability and scopé for selection for days to
maturity, secondary branches per plant, days to flowering, and 1000-seed
weight. There was little variability and séope for improvement through
selection for number of umbellates per umbel, primary branches per plant and
plant height.

Singh er al. (2001) studied genetic variability for days to 50 per cent
flowering, plant height, branches per plant, umbels per plant, umbellates per

umbel, test weight, grains per umbel, bfological yield and harvest index in ten
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cumin  genotypes grown under saline conditions at Jaipur (Rajasthan).
Relatively high estimates of genotypic and phenotypic coefficients of variation,
heritability and genetic advance were recorded for grain yield, umbels per
plant, grains per umbel and harvest index. Selection based on these traits
therefore would be effective for improvement of cumin yield under
saline condition.

Krishnamurthy er al. (2002) conducted study at Dharwad; Kamataka,
India during the 1998 kharif season to assess the range of variability and
correlation coefficient for yield and its attributes in 15 genotypes of Ajwain.
The study revealed wide range of varability in various growth and yield
attributing characters. High heritability couple with high genetic advance was
observed for number of seeds per plant, total dry weight, essential oil content,
numbers of umbels per plant, numbers of seeds per umbel and number of
tertiary branches per plant.

Rajput and Singh (2002) studied variability in ten genotypes of cumin
and reported significant differences among varieties for days to‘ﬂowering,
branches per plant, umbels per plant, umbellates per umbel, seeds per umbel
and seed yield. Heritability in broad sense wés high for days to flowering,
seed yield, branches per plant and umbellates per umbel. Genetic advance was

high for seed yield and branches per plant.

Singh er al. (2004) studied genetic variability and character association
in ten varieties of cumin. They reported significant differences among varieties

for all the characters except test weight indicating wide range of variability.
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The genotypic coefficients of variation were almost equal to phenotypic g q ' (J
coefficients of variation indicating least influence of environment on’_" __'__)/E-r
expression of these characters. Heritability in broad sense ranged from 46.90
per cent (test weight) to 94.10 per cent (days to flowering). It was 92.90
per cent for seed yield per plant. Genetic advance as percentage of mean was
the highest for seed yield per plant (87.68 %) followed by umbels per plant
(48.37 %) and seeds per umbel (33.10 %).

Sharma er al. (2004) studied genetic variability in coriander and reported
significant variability among the accessions for all the characters except seed
yield per plant. The phenotypic coefficients of variation were higher then
corresponding genotypic coefficients of variation for all the characters
indicating influence of environment. Genotypic and phenotypic coefficients of
variation were moderate (21 to 50 %) for umbels per umbels per plant and
seeds per umbel and low (up to 20 %) for days to 50 per cent flowering, plant
height, branches per plant, umbellates per umbel and 1000-seed weight.
High heritability coupled with high genetic advance ( >50 % ) was observed
only for seeds per umbel. Days to 50 per cent flowering, plant height, umbels
per plant and 1000-seed weight showed high heritability and moderate genetic
advance as percentage of mean (21-50 %), indicating the importance of these
traits in yield improvement programme.

Rajput er al. (2004) studied genetic variability in fennel and revealed
significant differences among entries for all the characters studied including

seed yield per plant. The phenotypic coefficients of variation were slightly
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“higher than corresponding genotypic coefficients of variation for all the
characters except soluble sugar content, suggested little environment influence
on the characters expression. The coefficients of variation were high for total
soluble sugar content, followed by umoels per plant, harvest index, crude fiber
content ard seed yield per plant while it was the lowest for days to 50 per cent
flowering. The study showed high heritability values for most of the characters.
Maximum heritability was observed for umbels per plant followed by seed
yield per plant, harvest index, crude fiber content and biological yield per plant.
Low heritability was observed for total soluble sugar content followed by days
to 50 per cent flowering. The estimates of genetic gain were maximum for
umbels per plant followed by harvest index, seed yield per plant, crude
fiber content.

22 CORRELATION COFFICIENT ANALYSIS :

Correlation coefficient is a statistical measure, which is used to find out
the degree and direction of relationship between two or more variables. In plant
breeding, correlation measures the mutual relationship between various plant
characters and determines the component characters on which selection can be
based for genetic improvement of yield.

The concept of correlation was first put forward by Galton (1889) and
later elaborated by Fisher (1918). It is an index of proportion of causes
common in the genesis of two variables to the total and not to causes

themselves (Bowley, 1920). Correlation studies provide better understanding of

12
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yield éomponents, which is helpful to the plant breeder for selecting suitable
plant type (Robinson et al., 1951 and Johnson et al., 1955).

Arumugam and Muthukrishnan (1978) studied association of characters
in coriander and reported that plant height, number of mericarps per plant and
umbellates per umbels exhibited significant and positive correlation with seed
yield per plant.

Rama Rao er al. (1981) observed significant and positive correlation
between plant height and number of umbel per plant in 42 varieties of
coriander.

Shinde er al. (1985) reported that grain yield per plant had positive and
significant correlation with plant height, number of branches, number of
umbels and dry matter accumutlation per plant.

Jindal er al. (1986) revealed that plant height, umbels per plaﬁt,
umbellates per umbel, seeds per umbellate and seed yield were positively
correlated with each another.

Sharma and Sharma (1989) studied correlation between different
characters in coriander and found that grain yield per plant had signiticant and
positive correlation with plant hcigﬁt, number of branches, number of umbels,
umbellzlites per plant, grain per umbellate and straw yield per plant,

Vedamuthu er al. (1989) collected data on seed yield and its components
in 40 accessions in coriander and subjected to correlation and path coefficient

analysis. Seed yield had positive correlation with number of umbels per plant
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and plant height. Number of umbels per plant was the main trait contributing to
yield, while plant height influenced yield through other traits.

\L/In characters association study, Ramavtar er al. (1991b) indicated that
yield was positively associated with plant height, branches per plant,
umbellates per umbel and therefore emphasis to be given these characters in
crop improvement programme for cuniin.

\/Sanker and Khader (1991b) studied correlation between yield and other
component traits. They indicated that the yield had positive correlation with
number of secondary branches only. Other traits had no bearing on yield.

Bhandari and Gupta (1993) carried out correlation study in coriander
and reported moderate correlation of yield with umbellates per plant, umbels
per plant, number of effective branches per plant, straw yield per plant, number
of primary branches per plant and plant height.

Mehta er al. (1993) evaluated 25 genotypes of fennel for correlation and
found that seed yield displayed significant positive relationship with number of

primary branches and number of umbels per plant.

Patel (1995) found that seed yield showed significant positive
correlation with plant height, number of branches per plant, number of
effective umbels per plant, number of seeds per umbellate, number of seeds per

umbel and 1000 seed weight in fennel.

Agnihotri et al. (1997) reported significant and positive correlation of

seed yield per plot with seed yield per plant in fennel.

14
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Gurbuz, ef al. (1998) had conducted an experiment in Ankara, Turkey to
study correlation and path analysis among yield components in 25 winter
resistant lines of coriander. The highest correlation was found between single
plant yield and single plant weight, branches per plant and number of branches
with seeds.

Tripathi er al. (2000) estimated correlation between yield and it’s
components in coriander and reported that plaﬁt height, number of secondafy
branches, days to flowering, days to maturity and number of umbels per plant
was the major yield components. However, number of primary branches,
number of umbellates per umbel and number of seeds per umbel was
negatively correlated with yield.

Yadav and Khurana (2001) studied the correlation between yield and its
components (19 traits) in fennel. Théy observed that seed yield of fennel cv.
HE-33 had inconsistent relationship with plant height, biological yield and
number of primary branches. The relationship of number of primary, secondary
and tertiary umbels and number of umbellates in main and primary umbels was
not always positive and significant. The relationship of seed yield with number
of seeds in main and primary umbels and test weight of different order umbels
was positive and significant.

Positive correlation of seed yield per hectare with days to flowering,

days to harvest, umbels per plant and essential oil content in seed was reported

by Krishnamurthy ez al. (2002) in Ajwain.
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Jain et al. (2003) reported positive and significant correlation of seed
yield with all the traits except number of days to 50 per cent flowering in
coriander. Total plant height was positively associated with number of umbels
per plant, height up to the base of the main umbel, number of branches per
plant, number of umbellates per umbel, number of seeds per umbel and
1000-seed weight.

Singh et al. (2003) evaluated on 34 genotypes of fennel. Correlation
analysis revealed that seed yiéld per plant was: ﬁositively and significantly
associated with plant height, number of primary branches per plant, number of
secondary branches per plant, number of umbels per plant, umbel diameter
1000-seed weight and seeds per umbel suggesting thereby that the phenotypic
selection could be made on the basis of per se performance. |

Singh et al. (2004) indicated that seed yield per plant showed significant
and positive genotypic association with days to flowering, plant height and
umbels per plant in cumin. The seed yield per plant also had positive but non-
significant asscciation with seeds per umbel.

Sharma and Meena (2004) reported that the seed yield per plant had
positive and significant corré:latidn with plant height, branches per plant,
umbels‘ per plant, umbellates per umbel and seeds per umbel in coriander.
Among the inter relationship, the association of plant height, with all other
traits was significant and positive, but with 1000-seed weight it was negative.
Similarly, umbels per plant had significant positive association with plant

height and branches per plant. The umbellates per umbel exhibited significant

1
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and positive association with seed yield per umbel and negative association
with 1000-seed weight.

Rajput ez al. (2004) reported that seed yield per plant showed significant
and positive genotypic correlation with plant height, branches per plant, umbels
per plant, test weight, biological yield and harvest index in fennel. The days to
50 per cent flowering had negative correlation with seed yield,

23 PATH COEFFICIENT ANALYSIS :

Yield is the complex character, controlled by several characters and
therefore prominent direct effect of any character on yield is most crucial while
selection, Inter-relationship among direct and indirect influence of component
characters on yield is important in predicting the correlated response to
directional selection and in the detection of trait as useful marker.

Wright (1921) originally developed the concept of path analysis a;ld
Dewey and Lu (1959) first used the technique for plant selection. Path
coefficient analysis splits the correlation coefficient into direct and indirect
effects. It measures the direct and indirect contribution of independent variable
on dependent variable and thus helps to breeder in determining the important
yield components.

Rama Rao et al. (1981) observed that plant height, number of umbels
and seed weight had direct effect on yield, and hence these traits were

contributing maximum to the seed yield in coriander.
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Jindal et al. (1985) revealed that days to flowering, plant height and
number of umbellates per plant were important for improving seed yield
in coriander.

Sharma and Sharma (1989) studied path coefficient analysis with
200 lines of coriander and reported that number of branches per plant,
umbellates per plant and 1000-grain weight were the most important characters
for selecting high yielding genotypes, as they had direct 'positive effects on
grain yield.

Bhandari and Gupta (1993) reported maximum direct contribution to
grain yield per plant through umbellates per plant, followed by straw yield per
plant, umbels per plant and grains per umbellate in cor'iander. Umbellates per
plant made considerable indirect effect via straw yield per plant.

Patel (1995) reported that number of umbellate per main umbel had -the
highest direct effect on seed yield followed by number of effective umbels per
plant and number of seeds per main umbel in fennel.

Agnihotri et al. (1997) reported that branches per plant showed high
positive, direct effect on yield per plot, followed by seeds per umbel and plant
height in fennel.

Gurbuz er al. (1998) reported the highest direct and positive effect of
single plant weight on single plant yield, but plant height had the highest
negative effect on single plant yield in coriander.

Srivastava et al. (2000) studied path analysis in coriander and reported

that the most of the characters had positive direct effect on seed yield. Days to




Review of Literature

flowering had the highest direct effect on seed yield followed by days to
maturity and number of umbels per plant. However, plant height, number of
primary branches and number of seeds per umbel had weak direct effect on
seed yield.

Jain et al. (2003) reported that total plant height had the greatest positive
direct effect on seed yield, followed by ;mmber of umbels per plant and
1000-seed weight. The number of days to 50 per cent flowering had a
significant negative correlation with seed yield. The results suggest that
selection for greater total plant height, number of umbels. per plant and
1000-seed weight, earliness, and less height up to the base of the main umbel
will be effective for the improvement of the seed yield of coriander.

Singh et a'l. (2003) studied path analysis in thirty-four genotypes of
fennel and revealed that 100 seed weight had maximum direct contribution
towards yield followed by number of umbels per plant and seeds per umbel.

Singh et al, (2004) studied path coefficient in cumin and indicated that
the plant height had the highest direct effect on seed yield per plant followed by
days to flowering and umbels per plant.

Rajput er al. (2004) made path coefficient study in fennel and reported
that harvest index had the highest direct effect with seed yield per plant

followed by biological yield, umbels per plant and seeds per umbel.

19
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III. MATERIAL AND METHODS

The present investigation on fennel (Foeniculum vulgare Miller) was
under taken to study variability, correlation and path coefficient analysis using
36 genotypes. The experiment was conducted at the Main Spices Research
Station, Sardarkrushinagar Dantiwada Agricultural University, Jagudan during
kharif 2003-2004.

3.1 GEOGRAPHIC AND ADAPHIC DETAILS :

Geographically, Jagudan is located on 23° 52' North latitude and 72° 43"
East longitudes at an aititude of 70 meters. The soil type of Jagudan is sandy
loam. The weather data for kharif - rabi 2003-04 are given in Appendix-I.

32 EXPERIMENTAL MATERIALS : -

The present study consisted of thirty six diverse genotypes collected
from germplasm materials maintainied at the Main Spices Research Station,
Sardarkrushinagar Dantiwada Agricultural University, Jagudan. The entries
were selected on the basis of their per se performance for various traits.

The detail information of genotypes and their source is given in
Table 3.1.

33 EXPERIMENTAL DETAILS :

The experimental was laid out in Randomized Block Design replicated
thrice during kharif 2003. Each entry was grown in a single row of 9 meter
length. The distance between two rows was 90 cm, while between two plants it
was 60 cm. The recommended dose of fertilizers, other agronomic practices

and plant protection measures were adopted for raising the crop.

T
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Table 3.1 : Particulars of genotypes of fennel (Foeniculum vulgare Miller)

Sr. Name of Source
No. genotype

1. JE-275 Jagudan, Dist. Mehsana (Gujarat)

2. JE-303 Jagudan, Dist. Mehsana (Gujarat)

3. JE-351-1-2 Satlasana, Dist. Mehsana (Gujarat)

4, JE-351-5 Satlasana, Dist. Patan (Gujarat)

5. JE-376-5 Jagudan, Dist. Mehsana (Gujarat)

6. | JF-376-6 Jagudan, Dist. Mehsana (Gujarat)

7. | JF-420-1-1 Chandalaj, Dist. Patan (Gujarat)

3. JF-427-1-1 Varvada, Dist. Patan (Gujarat)

9. | JF-460 Pratapgadh, Dist. Sabarkantha (Gujarat)

10. | JF-464-1 Pratapgadh, Dist. Sabarkantha (Gujarat)

11, | JF-471-2 Jagudan, Dist. Mehsana (Gujarat)

12. JE-472-2-3 Jagudan, Dist. Mehsana (Gujarat)

13. [ JE-490 Rupalkampa, Dist. Sabarkantha (Gujarat)

14. | JF-500-2 Jagudan, Dist. Mehsana (Gujarat)

15. [ JE-501 Ganeshpurakampa, Dist. Sabarkantha (Gujarat)
16. | JF-512-2 Tintoi, Dist. Sabarkantha (Gujarat)

17. | JE-517-2 Ramsikampa, Dist. Sabarkantha (Gujarat)
18. ] JF-518-2 Ramsikampa, Dist. Sabarkantha (Gujarat)
19, 1 JF-521 Ramsikampa, Dist. Sabarkantha (Gujarat)
20. | JF-525 Ramsikampa, Dist. Sabarkantha (Gujarat)
21. { JE-526 Sivapurakampa, Dist. Sabarkantha (Gujarat)
22, JF-531-1 Shahpurakampa, Dist. Sabarkantha (Gujarat)
23. | JE-535-1 Shahpurakampa, Dist. Sabarkantha (Gujarat)
24. | JE-537 Shahpurakampa, Dist. Sabarkantha (Gujarat}
25. | JB-543 Jagudan, Dist. Mehsana (Gujarat)
26, | JE-568 Vadadal Dist. Kheda (Gujarat)
27, | JF-572 Jagudan, Dist. Mehsana (Gujarat)
28. | JE-573 Jagudan, Dist. Mehsana (Gujarat)
29, | JE-575 Jagudan, Dist. Mehsana (Gujarat)
30. [ JF-578 Jagudan, Dist. Mehsana (Gujarat)
31. | JE-582 Jagudan, Dist. Mehsana (Gujarat)
32. | JE-592 Vadadal Dist. Kheda (Gujarat)
33, | EC-386375 Exotic culture (Germany)
34. | Guj.Fennel-1 Old variety
35. | Guj.Fennel-2 Popular variety

36. | Guj.Fennel-11 | Newly released variety
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34 CHARACTERS STUDIED :

The —observations were recorded on five randomly selected plants from
each replication for each genotype for all the characters, except days to 50
per cent flowering, days to 50 per cent maturity and amount of volatile oil
content in seeds. Detail about individual character is as under.
34.1 Seed yield per plant {g)

The seeds from all effective urabels of a plant were weighed in grams.
34.2 Days to 50 per cent flowering

The number of days taken from the date of transplanting to the date of
flowering of main umbel on fifty per cent plants were recorded as days to 50
per cent flowering.

3.4.3 Days to 50 per cent maturity

The number of days taken from the date of transplanting to the date of
physiological maturity of main umbel on fifty per cent plants was recorded as
day to 50 per cent maturity.

3.4.4 Plant height up to main umbel (cm)

The height of plant was measured in centimeter and from the base of

plant to the top portion of main umbel at maturity.

3.4.5 Total plant height (cm)

The height of plant was measured in centimeter and from the base of

plant to the topper portion of the plant at maturity.
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3.4.6 Number of primary branches per plant

Total number of primary branches on each plant were counted at time
of rpaturity and recorded. The primary branches are that branches which arise
from main stem.
34.7 Total branches per plant

Total number of branches (umbel bearing branches) on each plant were
counted at the time of maturity and recorded.
3.4.8 Number of effective umbels per plant

At the time of maturity effective umbels (seed bearing umbels) were
rec'orded from each plant.
349 Diameter of main umbel {cm)

The diameter of main umbel measured in centimeter and recorded.
3.4.10 Number of umbcllates per umbel

The number of effective umbellates on main umbel was counted.

3.4.11 Number of seeds per umbellate

The number of seeds on randomly selected five umbellates from main
umbel were counted and recorded.

3.4.12 Number of seeds per main umbel

Total number of seeds on main umbel were counted and recorded.

3.4.13 Length of internode (cm)

At the time of maturity length of second last internode was measured in

centimeter and recorded.

2
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3.4.14 Test weight (g)

One thousand seeds were counted at random from the bulk produce of
selected plants and were weighted in grams.
3.4.15 Volatile oil content of seeds

The oil content was estimated by water distillation method. For
distillation a sample of sceds was taken from the bulk produce of each
genotype from each replication.
35 STATISTICAL ANALYSIS:

Replication wise mean values of individual character were subjected to

statistical analysis with the help of computer software. The procedures used are

as under:
3.5.1 Analysis of variance (ANOVA)

The analysis of variance to test the variation among genotypes for ezich
character was carried out using randomized complete block design, which is
based on following statistical model (Panse and Sukhatme, 1978).

Yij =l +I'i +gj +eij

Where,
Y; =  Yieldof i genotype in i replication
i =  General mean
T —  Effect of i replication
gj = Effect of j™ genotype
€jj = Uncontrolled variation associated with i" replication and

i genotype

24
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Source d.f. Mean Squares Expected MS
Replication (r) (r-1) M, s 2, +gs :
Genotypes (g) (g-1) M, § % +1s 2
Error (€} (r-1) (g-1) M, $ %

Where,
g Number-of genotypes
r Number of replications
52,5757 Variance due to error, replications and genotypes,
respectively.
M,, Mg, M, Mean squares for replication, genotypes and error,

respectively.

3.6 ANALYSIS OF VARIANCE COMPONENTS :

The genotypic, phenotypic and environmental variances were calculated

using following formulae :

3.6.1 Genotypic variance (c})

It is the variance contributed by genetic causes or the occurrence of

differences among individuals due to differences in their genetic make-up. It

was calculated as per formula given by Panse and Sukhatme (1978) for

randomized block design :
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2 Mg - Me
§% =
r
Where,
52 _ . Genolypic variance
M, :  Genotypic mean square of the character
M. -+ FError mean square of the character
r :  Number of replications

3.6.2 Error variance (o2)

Defined as error mean square due to environmental variances,

8 2e = M,
Where,
82 . Environmental variance
M, . Error mean sum of square

363 Phenotypic variance (a})
It is sum of the variance contributed by genetic causes and

environmental factors. It was calculated as under :

§ 2p =8 zg + 5%
Where,
s% . Phenotypic variance
52, : Genotypic variance

%]
.

S % . Environmental variance
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3.7 VARIABILITY PARAMETERS :

3.7.1 Range

It is the difference between the highest and the lowest value for each

character.

3.7.2 Mean

The mean value of each character was worked out with the help of

following formula.

% _f Xi
1
Where,
X General mean
i Observed value in j" genotype in i™ replication
S :  Summation

3.7.3 Standard error of mean (S.Em.)

Standard error of mean was calculated with the help of error mean

square from the analysis of variance table.

0.2
S.Em. ==&
T
Where,
S.Em. + Standard error of mean
s % : FError mean square

r :  Number of replications
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3.74 Critical difference (C.D.)
Critical differences for all the characters were calculated to compare the

treatment means as per the following formula.

CD.at5% =SEm.x ‘\/5 x table tg o5 at error d.f,
Where,

S.Em. =Standard error of mean
3.7.5 Co-efficient of variation (C.V.%)

The coefficient of phenotypic and genotypic variation was calculated by
using the formula suggested by Burton (1952).

(@)  Phenotypic coefficient of variation (P.C.V. %)

2
P.CV.(%) = \/;‘__P x100
X
(b)  Genotypic coefficient of variation (G.C.V.%)

GCV(?)—‘QMOO
YL 0) — _i

Where,
) : Phenotypic variance
o, :  Genotypic variance
X : General mean

3.7.6 Heritability (Broad sense)

It is the proportion of phenotypic variability that is due to genetic

réasons,
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In broad sense, it was calculated by using the formula proposed by

Allard (1960).
ol :
h* % =2 x100
0.2
P
Where,
h? : Heritability (Broad sense)
o : Genotypic variance
ol :  Phenotypic variance

3.7.7 Expected Genetic Advance (GA)
Expected genetic advance represents the shift in a population towards
superior side under some selection pressure after single generation of selection.
It can be calculated by using methodology suggested by Allard (1960) ai
5 per cent. Selection intensity using the constant K as 2.06.

G.A. =h*xKxo,

Where,
G.A. : Genetic advance
n : Heritability (Broad sense)
K : Selection intensity at 5 per cent =2.06
ol : Phenotypic standard deviation

3.7.8 Genetic advance expressed as percentage of mean (Genetic gain)

The expected genetic advance as expressed in per cent of mean was

calculated by method suggested by Johnson ez al. (1955).

Genetic gain = G'KA' x 100
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Where,
GA. : Expected genetic advance

X : General mean of the character under study
38 CORRELATION COEFFICIENT ANALYSIS :

The phenotypic, genotypic and environmental correlation éoefﬁcient for
all the characters was worked out for graiﬁ yield. The data were subjected to
covariance analysis from which different components at mean sum of product

were estimated.

Analysis of co-variance

Source d.f. M.S.P. Expected MSP
Replications (1) - (r-1) - |-
Genotypes (g) (g-1) MSP, Cos * +1Cos %12
Errlor (r-1) (g-1) MSP, s%e12 l
Where,
MSP, : Mean sum of products due to genotypes between

character first and character second
MSP, : Mean sum of products due to error between
character first and character second
r : Number of replications
The genotypic, phenotypic and error variances and co-variances were
used for calculating the genotypic, phenotypic and environmental correlation

coefficient, respectively.
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(@)  Genotypic correlation coefficient (rg2)

CoV

812

T [ AT —
gl2 Jz—_z_
g 81 Xo 22

(b)  Phenotypic correlation coefficient (Yp12)

COVPI 2

L2 ==
O'p XC pa

(c)  Environmental correlation coefficient (r,)

Where,
CoVya
CoVp2 @
CoVez

2 2

5 gls 5 pl
2 2

5 g2y § p2
2 2

§ e1s8 o2

Test of significance

CoV

— €12
letj2 =

2 2
O¢c1 XG ¢2

Genotypic covariance for a pair of trait first and second
Phenotypic covariance for a pair of trait first and second
Environmental covariance for a pair of trait first and

second

Genotypic and phenotypic variance for trait first
Genotypic and phenotypic variance for trait second

Error variance for trait first and second, respectively

The significance of correlation coefficient was tested using the

following formula :

Where,

Correlation coefficient

Number of pairs of observation
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39 PATH COEFFICIENT ANALYSIS:

The estimation of direct and indirect contribution of thirteen characters,
showing high genotypic correlation coefficient with seed yield in individual '
analysis, was carried out through path analysis as suggested by Wright (1921)
and elaborated by Dewey and Lu (1959).

The direct effects designated as ‘p’ were calculated by inversing the
following correlation matrix as per do-little method given by Steel and Torrie

(1960). The following equations express the pase relationship.

'I'ly =P1y +['12yp2y +I'23yp3y TP § £ LT s SPPTPT -+r?_npny
I'gy =p2y +r21yp1y +I'23p3y v rens e s 12Dy S PP -+ I3nPay
o I I I
| | I I |
I | I I | |
Tiy =Piy +I'11yp1y +ri3p3y Foriiererenee oo Tig-nPiy +.oveieer s TinPay
I I I I I |
I I I I I I
I I I | I I
Iny =Puy +1In1P2n FTa3Pan docvvereeeveeees IneyPoy Toor eee oo TanPry
Where,

Iy 1O Tiy . Genotypic correlation coefficient between causal

characters, 1 to n and dependent character yield (y)

i3 1O figny ¢ Genotypic correlation coefficient among causal
characters (independent variabie)

P;y to Py . Direct effect of causal characters, 1 to n on character

‘y’* (Path coetficient)
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The above equations written in a matrix form are as under :

Matrix-A | Matrix-C Matrix-B
/rly\ /1 I T3 eeeees r,i\ (p,y\
Iy f; I [23 e o P2y
I3y I3 ri 1o I3 | Py
= X
Tiy T fp  LgTjjees - Ti Diy

Krny / \rnl Inz  In3Tpjeas oo rmy Kpny /

With the help of matrix inversion (Goulden, 1962) the following form of

inverted “C” matrix was obtained,

"B =C'A
Where,
c'= Cu Ci Cis y Cy; - Cra
Ca Cn Cau - Cai e Can
Cy Csn Csa . Cy e Caq
Cnl C:Z CB Cu Cm
Cnl Cn2 Cn3 Cnl Cnn




The direct effect was calculated as under :

Py

Pyy

fl

id
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I

i

Cy

Cs

Cs;i

Cni

rly

Iz ¥
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’
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The indirect effects were calculated by taking the products of genotypic

correlation coefficients between corresponding two characters and the path

coefficient (direct effect) connecting the causal effect with yield. The residual

effect measures the contribution of the characters which are not considered in

the causal scheme and was calculated as under:

R =\/{1‘ (p.iy‘riy)}

Where,

Piy Tiy =Py iy P2y Iy +... +Pny Iny

= R2

3
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IV. EXPERIMENTAL RESULTS

The results obtained in the present investigation are presented under the

following heads :

4.1  Analysis of variance

4.2 Mean performance and phenotypic variability

4.3 Variance components

44  Genotypic and phenotypic coefficients of variation
45  Heritability

4.6  Genetic advance

47  Correlation coefficients

4.8  Path coefficient analysis

41  ANALYSIS OF VARIANCE :

The analysis of variance for experimental design was carried out for all
the characters under study and is given in Table 4.1. The results showed the
mean sum of squares due to entries were highly significant for all the traits,
indicating considerable amount of genetic variability among genotypes for all
the traits under study.

42 MEAN PERFORMANCE AND PHENOTYPIC VARIABILITY :

The data on mean performance of 36 genotypes of fennel evaluated in
respect of different traits are given in Appendix-II and range of phenotypic
variability is presented in Table 4.2. The variety Gujarat Fennel-11 was release .

for general cultivation in Gujarat during 2002. The performance of genotypes



Table 4.1 : Analysis of variance of various characters in fennel

Characters Repli. Treat. Emor | SEm. | CD. | CV.
M.S. MS. MS. at %
2 df) (354 | (70dp) 5%
Grain yield 424.06%% | 202326% | 13950 | 9.6
per plant (&) . . . 64 | 2721 | 9.0
Days to 50 per cent
fowering 389.50%* | 35135% | 606 | 142 | 401 | 233
Days to * .
g 345.34%+ | 941.03%* | 30024 | 10.00 { 2823 | 874
Plant height up to :
main umbel (o) 26.78%+ | 585.18+* | 16239 | 736 | 20.76 | 1071
2;3‘ height 136.15%% | 965.86%* | 13336 | 6.67 | 1881 | 7.13
Number of primary 2.00 1034 | 063 | 046 | 129 | 795
branches per plant
Total branches 564%% | 31017+ | 1934 | 359 | 10.15 | 10.58
per plant
Number of effective | o0 3ous | (65549 | 3394 | 336 | 949 | 17.65
umbels per plant
Diameter of main 575+ | 1151% | 268 | 095 | 267 | 977
umbe] (cm)
Number of Umbellate |3 gsux | 149,572 | 17.05 | 238 | 673 | 883
per Umbel ;
Number of Seeds 208+ | 7796%% | 1706 | 238 | 672 | 1043
per Umbellate :
Number of Seeds . 112.00%* | 479353** | 39199 [ 144.311 32251 { 10.74
per main umbe! _ :
Length of 2.50%% | 14908% | 417 | 118 | 333 | 976
intemode (cm)
1000-seed
. . . 020 5 4.0

weight () 0.59 3.39 0.12 0.55 0
Volatile 00195 | 0445 [ 00106 | 0.06 | 017 | 653

Qil (%)




Table 4.2 : Mean, range, genotypic, phenotypic and environmental variance for
various characters in fennel

Characters Mean Range Genotypic | Phenotypic | Environment

variance variance variance

Grain yield '

per plant (g) 149.0 105-214 627.92 767.42 139.50

Days to 50 per cent i

flowering 105.6 79.0-1293 115,10 121.16 6.06

Daysto

maturity 1983 | 138.3-230.3 213.60 513.83 300.24

Plant height up to 1190 | * 92-144 14093 | 30332 16239

main umbel (cm) -

233‘ height 1619 | 1117-2003 | 27760 | 41096 13336

Number of primary

branches per plant 99 6.4-13.5 324 3.86 0.62

Total branches 4239 | 237-697 | 9694 116.28 19.34

per plant

Number of effective | 434 | 173 508 | 4387 7781 33.94

umbels per plant

Diameter of main 167 117-19.8 2.94 5.62 268

umbel (cm)

Number of Umbellate | ¢ 7 | 313 626 | 4184 58.80 17.05

per Umbel

Number of Seeds 296 29.8-502 203 31736 17.06

per Umbellate

Number of Seeds 18431 | 1074-2650 | 146718 | 185917 39199

per main umbel

Length of 209 | 159-243 | 361 78 4.17

intemode (cm)

1000-seed 85 | 5.9-102 1.09 121 0.12

weight (g) :

Volatile 16 12-3.0 0.14 0.16 0.02

Qil (%)
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therefore, was compared with the best variety, Gujarat Fennel-11, The range of
phenotypic variability is described in subsequent paragraphs.
4.2.1 Seed yield per plant

Thie range of phenotypic variability for seed yield per .plant was varied
from 105.0 g (JF-537) to 214.0 g (JF-521) with general mean of 149.0 g. Seven
genotypes, JE-521 (2140 g), JF-512-2 (182.0 ¢), JF-568 (172.0 g), JE-525
(170.0 g), Jf-490 (165.0 g), JF-518-2 (165.0 g) and JF-275 (164.0 g) out
yielded the best variety Gujarat Fennel-11. But only one genotype, JF-521
(214.0 g) had significantly higher seed yield per plant.
4.2.2 Days to 50 per cent flowering

The range of phenotypic variability for this trait was varied from
79.0 days (JF-543) to 129.3 days (JF-490) with general mean being 105.6 days.
Fourteen genotypes, JE-543 (79.0 days), JFE-376-6. (84.3 days), JF-568
(84.7 days), JI;-376-5 (91.7 days), JF-512-2 (91.7 days), JF-572 (95.0 days),
JF-573 (983 days), JF-582 (993 days), JE-521 (99.7 days), JE-472-2-3
(100.0 days), JF-351-5 (101.7 days), JF-275 (102.3 days), JF-525 (102.3 days)
and JF-592 (103.7 days) were significantly early in flowering than the best
check variety. While six genotypes, J?—490 (129.3 days), Gujarat Fennel-1
(124.7 days), JF-420-1-1 (119.7 days), JF-464-1 (119.0 days), JF-460
(1140 days) and EC-386375 (113.7 days) were significantly late than the

best check.
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423 Day to 50 per cent maturity

The phenotypic variability for days to 50 per cent maturity was varied
from 1383 days (JF-526) to 230.7days (JF-490) with general mean of
198.3 days. Only one genotype, JF-526 (138.3 days) was significantly early
than the best variety Gujarat Fennel-11.
4.2.4 Plant height up to main umbel

The raﬂge of phenotypic variability for plant height up to main umbel
varied from 91.7 cm (JE-537) to 144.0 cm (JF-501) with general mean being
119.0 cm. The genotype JF-537 (91.7 ¢m), JE-535-1 (92.0 cm), JF-472-2-3
(96.7 cm), JF-543 (98.0 cm) and JF-531-1 (99.0 cm) were significantly dwarf
than Gujarat Fennel-11 (124.0 ¢cm).
4.2.5 Total Plant heighf

The range of phenotype variability fbr total plant height varied from
1117 cm (JF—53;7) to 200.3 cm (JF-501) with general mean of 161.9 cm. The
genotype JE-537 (111.7 cmy), JF-575 (123.0 cm), JF-543 (135.0 cm), JF-471-2
(1354 cm) and JF-460 (146.7 cm) were significantly dwarf than Gujarat
Fennel-11 (166.0 cm). While genotypes JF-501 (2003 cm) and JE-521
(188.7 cm) were significantly tall than the check variety.
42.6 Number of primary branches per plant

The range of phenotypic variation in case of primary branches per plant
was spreaded from 6.4 (JE-537) to 13.5 (JF-275) having general mean of 9.9.
Genotypes, JF-275 and JF-303 were significantly superior for primary branches

per plant as compared to the control variety.
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4.2.7 Total branches per plant

The range of phenotypic variability for total branches per plant varied
from 23.7 (JF-537) to 69.7 (JE-512-2) with general mean of 41.6. Two
genotypes JF-512-2 (69.7) and JF-521 (68.9) significantly debarred the best
variety for this trait. |
4.2.8 Number of effective umbels per plant

The phenotypic variation in case of number of effective umbels per plant
was ranging from 17.3 (JF-537) to 50.8 (JE-512-2) with general mean being
33.0. Genotype JF-512-2 (50.8) had significantly more number of effective
umbels per plant.
42.9 Diameter of main umbel

The range of phenotypic’variability for main umbel diameter was varied
| from 11.7 cm (JF-512-2) to 19.8 cm (Gujarat Fennel-1) being general mean of
16.7 cm. None of the genotype significantly debarred the best variety for this
trait. However, Gujarat Fennel-1 (19.8 c¢m), JF-501 (19.2 cm), JF-420-1-1
(18.5 cm), JF-464-1 (19.4 cm), JF-472-2-3 (19.4 cm), JE-490 (19.4 cm), JF-568
(19.2 cm), JF-572 (18.7 cm), JF-582 (19.6 cm) and Gujarat Fennel-2 (18.5 cm)
had more diameter of main umbel than the best check variety.
4.2.10 Number of umbellates per main umbel

The range of phenotypic variability for this trait was varied from 31.3
(JF-303) to 62.6 (JF-568) with general mean of 46.7. Five genotypes JF-568
(62.6), JF-464-1 (57.7), JF-518-2 (55.7), JE-573 (55.3) and JE-521 (54.4) had

more number of umbellates per main umbel than the best check variety. Out of

4
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which genotype JF-568 (62.6) had significantly higher number of umbellates
per main umbel.

4.2.11 Number of seeds per umbellate

The range of phenotypic variation for number of seeds per umbellate
varied from 29.8 (JF-303) to 50.2 (JF-582, JF-592) with general mean being
39.6. Twenty genotypes showed significantly more number of seeds per
umbellate than the best check variety. The best five genotypes were JE-592
(50.2), JE-582 (50.2), JF-578 (48.1), JF-464-1 (46.3) and JE-521 (45.3).

4.2.12 Number of seeds per main umbel

The wide range of phenotypic variability wz;s recorded for this
trait (1074 to 2650) with general mean of 1843.1. Fifteen genotypes,
JF-427-1-1, JF-460, JF-464-1, JF-471-2, JF-490, JE-517-2, JF-518-2, JE-521,
JF-525, JPF-526, JF-535-1, JF-568, JF-573, JF-582 and JF-592 gave
significantly more number of seeds pér main umbel than the best check variety.
Among thesé five top genotypes were JF-464-1 (2650.7), JF-582 (2564.3),
JF-521 (2443.3), JF-518-2 (2401.7) and JE-592 (2340.3).

42.13 Len:gth of internode

The range of phenotypic variability for this trait varied from 15.9 cm
(JE-537) to 243 cm (Gujarat Fennel-11) having general mean of 209 cm.
- Fifteen genotypes JE-351-5, JF-376-5, JE-420-1-1, JF-471-2, JF-501, JE-512-2,
JE-517-2, JE-518-2, JE-526, JF-535-1, JF-537, JF-568, JF-578, JF-592

and Gujarat Fennel-2 gave.significantly less length of internode. The best
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three genotypes were JE-537 (159 cm), JF-535-1 (17.5 cm) and JE-471-1
(17.7 cm).
42.14 Test weight

The range for test weight varied from 5.9 g to 10.2 g with general mean
of 8.5 g. Six genotypes, JF-568, JE-573, Gujarat Fennel-1, JF-525, JF-575 and
JF-471-2 had significantly more tes't weight than the best check variety. The
maximum test weight observed for JF-568 (10.2' g) followed by JF-537 (99 g)
and Gujarat Fennel-1 (9.6 g).
42.15 Volatile oil content in seed

Volatile oil content varied from 1.2 to 3.0 per cent with general mean of
1.6 per cent. Two genotypes EC-386375 (3.0 %) and JF-531-1 (2.7 %) were
significantly superior for volatile oil content in seed than the best check vériety.
43 VARIANCE COMPONENTS:

Genotypic and phenotypic variances were near to each other for days to
50 per cent flowering, nﬁrr}ber of primary branches per plant, total branches per
plant, test weight and volatile oil content in seéds with minimum values of
environmental variation. The values of environmental variance were more than
genotypic variance for days to 50 per cent .maturity, plant height up to main

umbel and length of internode. The magnitude of genotypic and environmental

variances were all most same for total number of effective umbels per plant and

diameter of main umbel. The results suggested that the former traits were less

affected by environment while latter were sensitive to environment.

N 2
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44 GENOTYPIC AND PHENOTYPIC COEFFICIENTS OF

VARIATION :

The genotypic and phenotypic coefficients of variation for all the
characters are presented in Table 4.3.
~ 4.4.1 Genotypic Coefficients of Variation (GCV)

The genotypic coefficients of variation for various traits varied from
7.37 per cent {days to 50 per cent maturity) to 26.82 per cent (total branches
per plant). Moderate to high genotypic coefficients of variation were observed
for total branches per plant (26.82 %)}, volatile oil content in seed (24.13 %),
number of seeds per main umbel (20.78 %), number of effective umbels per
plant (20.07 %), number of primary branches per plant (18.07 %), grain yield
per plant (14.17 %) and nurnbér of umbellates per main umbel (13.84 %). The
rest of the characters had low values of genotypic coefficients of variation.

442 Phenotypic Coefficient‘ of Variation (PCV}

The estimates of phenotypic coefficients of variation revealed that it was
the highest for total branches per plant (28.75 %) followed by number of
effective umbels per plant (26.73 %), volatile oil per cent in seeds (25.00 %),
number of seeds per main umbel (23.39 %). Moderate values were recorded for
number of primary branches per plant (19.76 %), number of umbellates per
main umbel (16.42 %), grain yield per plant (14.68 %), plant height up to main |
umbel (14.64 %) and diameter of main umbel (14.16 %). Length of internode

(13.32 %), total plant height (12.52 %), test weight (12.29 %), days to 50



Table 4.3 : Estimates of Genotypic (GCV) and Phenotypic (PCV) coefficient of
variation, Heritability (h*) and Genetic advance for various
characters in fennel

Characters GCV PCV h* Genetic | GA as % of
(%) (%) (Broad advance general
sense) (%) mean

Grain yield

s ey 14.17 14.68 93.10 | 4197 28.16

Days to 50 per cent

ric 10.15 10.42 95.00 | 21.54 20.39

Days to

ke 737 11.43 41.60 19.4] 9.79

Plant height up to

oo s 9.99 14.64 46.46 16.67 14.01

Plant height 1029 | 1252 | 6754 | 2820 17.42

(cm)

Number of primary

e 18.07 19.76 83.81 3.39 34.12

Total branches 282 | 2875 | 8700 | 2184 | 5152

per plant

Number of effective 2007 | 2673 | 5638 | 1024 | 3104

umbels per plant

Diameter of main 1024 | 1416 | 5233 256 1526

umbel (cm)

Number of Umbellate | 530/ | 1645 | 7104 | 1123 24.03

per Umbel

Number of Seeds 11.39 15.43 5433 6.84 1727

per Umbellate

Number of Seeds 2078 | 2339 | 7892 | 70096 | 3803

per main umbel

Length of 9.07 1332 | 4633 2.66 1271

internode (cm)

1000-seed 1229 | 1292 | 9042 2.05 24.06

weight (g)

Volatile

b 2413 | 25.00 93.17 0.76 47.99
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per cent maturity (11.43 %) and days to 50 per cent flowering (10.42 %) had
low phenotypic coefficient of variation.
45 HERITABILITY :

The estimates of heritability in broad se;lse for all the 15 traits studied
and are presented in table 4.3. In general the estimates were high for all the
traits. The range of heritability varied from 41.60 per cent (days to 50 %
maturity) to 95.00 per cent (days to 50 % flowering). High heritability values
were recorded for days to 50 per cent flowering (35.00 %), volatile oil content
.in seed (93.17 %), grain yield per plant (93.10 %), test weight (30.42 %), total
branches per plant (87.00 %) and number of primary branches per plant
(83.81 %). Moderate values were observed for number of seeds per main umbel
(78.92 %), number of umbellates per main umbel (71.04 %), total plant height
(67.54 %), number of effective umbels per plant (56.38 %), number of seéds
per umbellate (54.33 %) and diameter of main umbel (52.33 %). Plant height
up to main umbel (46.46 %), length of internode (46.33 %) and day to 50
per cent maturity (41.57 %) had low heritability.

4.6 GENETIC ADVANCE:

The expected values of genetic advance for the characters at 5 per cent
selection intensity were calculated. Since these values are not comparable, they
were expressed as expected genetic advance in percentage of mean and given
in Table 4.3. The high values genetic advance was observed for total branches
per plant (51.52 %), volatile oil content in seed (47.99 %) and number of seeds

per main umbel (38.03 %). Moderate values were recorded for number of
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primary branches per plant (34.12 %), number of effective umbels per plant
(31.04 %), grain yield per plant (28.16 %), test weight (24.06 %), number of
umbellates per main wmbel (24.03 %) and day to 50 per cent flowering
(2039 %). Low genetic advance was observed for total plant height (1742 %),
number of seeds per umbellate (17.27 %), diameter of main umbel (15.26 %),
plant height up to main umbel (14.01 %), length of internode (12.71 %) and
day to 50 per cent maturity (9.79 %).

4.7 CORRELATION COEFFICIENTS :

The correlation coefficients beiween seed yield per plant and fourteen
traits and among them selves were estimated at phenotypic and genotypic
level; (Table 4.4). It was revealed that magnitude of genotypic correlations
were higher than their corresponding phenotypié correlations. Secondly, all the
correlation coefficients values were similar in sign or direction at both the
levels. The results of correlation between different paired characters are
described below.

4.71 Seed yield per plant

Seed yield per plant was positively and significantly correlated with
number of effective umbels per plant (r, =0.686, r, =0.930), total branches per
plant (r, =0.808, r, =0.863}, number of primary branches per plant (r, =0.688,
1, =0.775), total plant height (r, =0.540, r; =0.662), number of umbellates per

umbel (r, =0.341, r, =0.356) and number of seeds per main umbel (r, =0.325,

1, =0.384) at both the levels.



Table 4.4 : Genotype (G) and Phenotypic (P) correlation coefficients in fennel

Character ¥ 1 Daysto } Daysto | Plant Plant Number Total Number | Diameter | Number Number | Number | Length 1000- | Volatle
’ S0per | matwrity | height | height of branches of of main of - of Seeds of of seed Oil (%)
cent up to {em) primary perplant | effective umbel Umbeliate per Seeds intermode | weight
flowering main branches umbels (cm) per Umbeliate per (cm) (@
umbel per plant per plant Umbcl main
. (cm) umbel
Seed vield oer ol P | -0013 0030 ] 0369 | 0540" | 0.688** | 0.808** | 0.686™* | 0.140 034" 0216 0325* | 0.107 0.120 | 0079
ced yield per plant G | 0014 0096 | 0382 | 0.662** | 0.775** | 0.863** | 0930 | 0.180 0356° 0213 '0.384* | 0.158 0.151__| 0092
o Towering P | 1.000 0459+ [ 0203 | 0.133_ | 0.147 0072 0040 | 0242 0.113 0.102 014z 1 .0028 | 0010} 0.176
Days to 30 per cent flowenng G 0.781** | 0324 | 0.168 | 0.141 0095 0019 | 0.392° | 0.107 0099 0.194 | 0009 | 0007 | 0.187
. P 1000 | 0.145 | 0001 | 0078 0673 0.118__ ] 0.167 0.091 0117 0.125 {0031 ] 0.107 | 0.103
Days 1o maturity @ 0358* [ 006l | 0134 0.155 0222 | 0.369* | 0.107 0.162 0252 | 0.050 0149 _ | 0.126
olen  mbel F LOO0 | 0.703** | 0.359* | 0250 0.179 0.290 0085 0082 0063 | 0495* | 0.184 | 0002
Plant height up to mainumbel em) == 0917*% | 0551+ | 0433%* | 0339° _ | 0A62%* | 0079 0261 0.098 | 0538 | 0226 | 0013
- P 1000 | 0.554%% | 0.494**_| 0.510°* | 0301 0069 0221 0179 | 0274 0765 | 0.139
Plant height (cm) G 0.663% | 0.603% | 0.621** | 0.454% | 0.035 0273 0230 | 0386 | 0.352° ] 0200
) - l P 1,000 0.748*% | 0.636** | 0257 0.064 0.003 0036 | 0038 0.199 | 0.064
Number of primary branches per plant == 0.843* | 0.845** | 0420 | 0.025 " 0.080 0002 | 0.179 0249 | 0075
 bmametcs ool P 1.000 0781"*_ | 0009 0.052 0.001 0137 _| 0009 | 0144 | 0.106
Total branches per plant G - 0.961*% | 0031 0175 0344* | 0471 | 0419 0.188_ | 0.119
- - P 1.000 0.036 0007 0099 0088 ) 0034 | 0.149 | 0.155
Number of effective umbels perplant == 0.009 20089 0291 0.178_| 0045 | 0233 [ 0355
: : P 1.000 0.155 0212 0244 | 0257 0.100 | -0.120
Diameter of main umbel (cm) G | . 0278 0.433** 0357 [ 0373 0.168 0.179
. 1.000 0477** | 0.668** | 0.008 0.1 .
 Number of Umbellate pec Umbel —%— 0.182 08T o3 T o 133 -g iﬁ
? 1.000 0.604** | 0.130 0039 | 0.064
Number of Seeds per Umbellate Gl 0.030% [ 0477 | 0014 0097
Number of Seeds per main umbel y—PG-— 1000 g;ig‘ 8{1).::1! - 33%2
Length of intemode (cm) —:;— 1.000 gg;?,, g;;:
L L]
1000-seed weight (g) == e
* and ** significant at 5 and 1 per cent levels, respectively.
.l‘\-
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4,72 Days to 50 per cent flowering

This character was signiﬁcaﬁtly and positively correlated with days to
50 per cent maturity (r, =0.459, r, =0.781} at phenotypic and genotypic levels.
It was significantly correlated with diameter of main umbel (r, =0.392) at
genotypic level only.
4.73 Days to 50 per cent maturity

Days to 50 per cent maturity had positive and significant correlation
with plant height uﬁ to main umbel (r, =0.358) and diameter of main umbel
(r, =0.369) at genotypic level. |
4.7.4 Piant height up to main uﬁlbel

This character was highly significant and positively correlated with total -
plant height (r, =0.703, r; =0.917), number of primary branches per plant
(r, =0.359, r, =0.557) and length of internode (r, =0.495, r, =0.5385 at
genotypic- and phenotypic levels. Plant height up to main umbel had positive
and significant correlation with number of effective umbels per plant
(r, =0.339), total branches per plant (r, =0.466) and diameter of main umbel
(r; =0.462) at genotypic level only.
4.7.5 Total plant height

Total plant height had positive and significant correlation with number
of primary branches per plant (5, =0.554, r, =0.663), total branches per plant
(r, =0.494, r, =0.603) and number of effective umbels per plant (r, =0.510,
1, =0.621) at both the levels. But it had positive and significant correlation

with length of internode (r, =0.386) and diameter of main umbel (r, =0.454)
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at genotypic level only. Whereas, it was significantly but negatively associated
with test weight (r, =-0.352) at genotypic level only.
' 4.7.6 Primary branches per plant

Number of primary branches per plant had positive and highly
significant correlation with total branches per plant (r, =0.748, r, =0.843) and
number of effective umbels per plant (r, =0.636, 1, =0.845) at both the levels.
But it had positive- and significant correlation with diameter of main umbel
(r, =0.420) at genotypic level only.
4.7 Total branches per plant

Total branches per plant had positive and highly significant assoc@ation
with number of effective umbels per plant (r, =0.781, rg =0.961) at bovth the
levels. It had negative and significant correlation with number of seeds per
umbellate (r, =-0.344) at genotypic level only. |

47.8 Number of effective umbels per plant .

None of the character significantly correlated with this character.
However, it had positive co.rrelation with volatile oil content (r, = 0.155,
r, =0.255) at both the levels and negative correlation with number of seeds per
umbellate (r, = -0.291) and test weight (r, =-0.233) at genotypic level only.
4.7.9 Diameter of main umbel

Diameter of main umbel had positive and significant association with
number of seeds per umbellate (rg =0.433), number of seeds per main umbel

(r, =0.357) and length of internode (rg =0.373) at genotypic level only.
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4.7.10 Number of umbellates per main umbel

Number of umbellates per main umbel had positive and significant
correlation with number of seeds per main umbel (rp =0.668, 1, =(.897) at
both the levels but it had positive-and significant correlatidn with number of
seeds per umbellaté (r, =0.477) at phé:notypic level only.
47.11 Number of sceds per umbellate

This character had positive and highly significant correlation with
number of seeds per main umbel (r, =0.604, 1, =0.930) at both the levels but
with length of internode (ry =0477) at genotypic level.
4.7.12 Number of seeds per main umbel

Number of seeds per main umbel showed positi;re and significant
correlation with length of internode (rg =0,330) ‘at genotypic level only.
4.7.13 Length of internode

Length of internode had negative and significant correlation with test
weight (r, = -033 1) at genotypic level.
4.7.14 Test weight |

It has negative and highly significant correlation with volatile oil
.(rp =-0463, 1, = -0.503) at both the levels.
4.7.15 Volatile oil content in seed

It has negative and highly significant correlation with test weight

(r, =0 463,1, =-0 503) at both levels.

ol
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48 PATH COEFFICIENT ANALYSIS :

In present study, seven characters viz., plant height ﬁp to main umbel,
number of primary branches per plant, total branches per plant, number of
effective umbels per plant, diameter of main umbel, number of umbellates per
main umbel and number of seeds per umbellate were selected for partitioning
their genotypic correlation coefficients with seed yield into direct and indirect
effects. The seed yield per plant is considered as the resultant variable while the
above mentioned seven component traits as the causal variables. The direct and
indirect effects of these causal variables on seed yield per plant are presented in
Table 4.5.

4.8.1 Plant height up to main umbel vs. seed yield

The genotypic correlation between plant height up to main umbe] and
seed yield per plant was positive and highly significant (r, =0.382). However,
the direct effect of this character on seed yield per plant was negative and very
low (-0.069). The indirect effects of this trait via total branches per plant
(0.248), number of effective umbels per plant (0.251) and number of seeds per
umbellate (0.154) were positive and high.

4.8.2 Number of primary branches per plant vs. seed yield

Number of primary branches per plant showed highly significant and
positive correlation with seed yield (r, =0.775). But direct effect of this trait on
seed yield was negative (-0.218). Its indirect effects through number of

effective umbels per plant (0.627) and total branches per plant (0.482) were



Table 4.5 : Path coefficient analysis showing direct (Bold letter) and indirect effect of seven traits on grain yield per plant in fennel

Characters Plant | Number | Total | Number | Diameter | Number | Number | Genotypic
height of branches of of main of of seeds | correlation
up to | primary | perplant | effective | umbel | umbellates } umbellates | with seed
main | branches umbels {cm) per main yield per
umbel | per plant per plant umbel plant
(cm)
Plant height up to main umbel (cm) -0.069 | -0.121 0.248 0.251 -0.046 -0.035 0.154 0.382*
Number of primary branches per plant -0.038 | -0.218 0.482 0.627 -0.042 0011 -0.047 0.775%*
Total branches per plant -0.030 | -0.183 0.572 0.786 -0.004 -0.077 -0.203 0.863**
Number of effective umbels per plant -0.023 | -0.184 0.607 0.741 -0.001 -0.039 -0.171 0.930**
Diameter of main umbel (cm) -0.032 | -0.092 0.018 0.007 -0.099 0.123 0.255 0.180
Number of umbellates per main umbel 0.005 | -0.005 -0.100 | -0.066 -0.028 0.442 0.108 0.356%*
Number of seeds umbellates -0018 | 0.017 -0.197 -0.216 -0.043 0.081 0.589 0213

Residual effect =0.2523

* and ** significant at 5 and 1 per cent levels, respectively.

A



Fig 1 : Path diagram indicating direct effect of components of yield and their correlation
coefficients of 36 genotypes in fennel
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Diagrammatic representation of factors influencing seed yield per plant.

1 Seed yield per plant 5 Number of effective umbel per plant

2 Plant height up to main umbel 6 Diameter of main umbel

3 Number of primary branches per plant 7 Number of umbellates per main umbel
4 Total branches per plant 8 Number of seeds per umbellate
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positive and high. These indirect values may be responsible to give positive
correlation of this trait with yield.
4.83 Total branches per plant vs. seed yield

Highly significant and positive genotypic correlation was observed
between total branches per plant (r, =0.863) and seed yield. The direct effect
of total branches per plant on seed yield was pbsitivc and very high (0.572).
The positive and high inﬂuenée was registered indirectly via number of
effective umbels per plant (0.786). Its contribution via primary branches per
plant (-0.183), number of seeds per umbellate (-0.203), number of umbellates
per umbel (-0.077) and plant height up to main umbel (-0.030) was negative.
4.8.4 Number of effective umbels per plant vs. seed yield

The genotypic correlation between number of effective umbels per plant
and seed yield was positive and highly significant (r, =0.930). The direct effect
of this trait on seed yield was positive and very high (0.741). The positive and
high indirect effects via total branches per plant. (0.607) was observed. Its
indirect effects through number of primary branches per plant (-0.184), number
of seeds per umbellate (-0.171), number of umbellates per umbel (-0.039) and
plant height up to main umbe! (-0.023) were negative.
4.8.5 Diameter of main umbel vs. seed yield

The genotypic correlation between diameter of main umbel and seed
yield was positive (r; = 0.180). The direct effect of this trait was negative
(-0.099). The positive influence was registered indirectly by number of seeds

per umbellate (0.255), number of umbellate per umbel (0.123), total branches



Experimental Results

per plant (0.018) and number of effective umbels per plant (0.007) while its
indirect effects via number of primary branches per plant (-0.092) and plant
height up to main ﬁmbel (-0.032) were negative.
4.8.6 Number of umbellates per main umbel'vs. seed yield

Number of umbellates per main umbel showed positive and significant
correlation with seed yield (r, =0.356). The direct effect of this trait on seed
yield was positive and high (0.442). It had positive indirect effects via number
of seeds per umbellate (0.108) and plant height up to main umbel (0.005) while
negative influence was observed via rest of the traits.
4.8.7 Number of seeds per umbellate vs. seed yield

Number of seeds per umbellate exhibited positive genotypic correlation
(r, =0.213). The direct effect of this trait was positive and high (0.589). The
indirect effe.cts via number of umbellates per umbel (0.081) and number ;)f
primary branches per plant (0.017) while negative influence was observed via

rest of the traits.
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V. DISCUSSION

The aim of the present investigation was to assess genetic variability for
various traits and identify superior genotypes from germplasm to be included in
future breeding programmes. A total of 36 genotypes of fennel were evaluated
for their yield potential, extent of variability at phenotypic and genotypic
levels, héri_tability, genetic advance, chara;:ter associations and path analysis.
These are the basic parameters in framing bett;':r breeding programmes for
improvement of any crop.

The presence of adequate genetic variability in the base material is a
prerequisite for any breeding programme. In addition, the nature and magnitude
of variability for various yield attributing traits and extent of environmental
influence on these characters, forms the basis on which a breeder can predict
the extent of dependence on phenotypic selection for improvement of a
character. Further, knowledge of the interrelationship of quantitative traits of
economic importance with seed yield and among themselves is essential for
improvement -of a complex character like yield through selection. Correlation
studies are helpful to the breeder; however, they do not take into consideration
the cause and effect relationship which restrict their practical utility in selection
programme. The technique of path coefficient analysis devised by
Wright (1921) is an efficient method for disintegrating total correlation
between two variables in to direct and indirect effects. This technique could be
used to understand value and degree to which various components of yield

determine variation present in the yield. The results obtained on these aspects
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have been presented in the previous chapter and are discussed with supporting
and contradictory references along with probable reasoning .under the
following heads.
5.1  Variability, heritability (broad sense) and genetic advance.
5.2 Correlation coefficient analysis
53  Path coefficient analysis
51 VARIABILITY, HERITABILITY AND GENETIC ADVANCE :
5.1.1 Genetic variability
The knowledge of nature and magnitude of variation present in base
population is of great importance for effective selection of superior genotypes.
The analysis of variance (Tablé 4.1) revealed highly significant
differences among genotypes with wide range of variability for all the
characters under investigation indicatéd presence of considerabie amount of
variability in the material. .A wide range of variability for different characters
has been observed by Mehta and Patel (1983), Agnihotri (1990), Madhu
(1995), Agnihotri er al. (1997), Rajput et al. (2004) in fennel; Mathur et al.
(1971), Mehta and Patel (1980), Baswana et al. (1983), Dhayal et al. (1999),
Singh er al. (2001), Rajput and Singh (2002), Anonymous (2002-03), Singh'
et al. (2004) in cumin; Joshi er al. (1967), Afumugam and Muthukrishnan
(1978), Suthanthirapandian er al. (1980), Rama Rao et al. (1981), Mehta and
Patel (1985), Reddy er al. (1989), Sharma and Sharma (1989), Shridar et al.
(1990), Bhandari and Gupta (1993), Yadav (1999), Tripathi er al. (2000),

Sharma et al. (2004) in coriander. Among the character under study, grain yield
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per plant, number of primary branches per plant, number of effective branches
per plant, number of effective umbels per plant, number of umbellates per main
umbel, number of seeds per main umbel, test weight and volatile oil content in
seed showed wide range of variability (more than 80 %). The results suggested
great scope for improvement of yield in fennel.

The genotype JE-521 gave maximum and significantly higher yield over
the three commercially cultivated varieties. This genotype was early in
flowering and had very good number of effective umbels per plant, total
branches per plant, umbels per plant, umbellates per umbel and seeds per
umbel. Therefore, this genotype may bF evaluated further for yield under field
' trials.

. The phenotypic variation is not-a precise parameter to judge heritable
variability present in the population. The genetic parameters such as variarice
components, genotypic coefficient of variation, heritability and genetic advance
' are important to judge the extent of | genetic variability more precisely.
Therefore, phenotypic variance was partitioned into genetic and environmental
components to know the magnitude of genetic variability for each char;acter:

5.12 Components of variance

The genotypic and phenotypic variances showed the same trend.
However, genotypic variances were greater than environmental variances for
all the characters except days to 50 per cent maturity, plant height up to main

umbel and length of internode (Table 4.2).
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The results revealed that the magnitudes of genetic variability were very
close to that of phenotypic one for all the traits except days to 50 per cent
maturity, plant height up to main umbel and length of internode, indicating that
phenotypic variability was largely due to the genetic differences. Under such
genetic behaviour, selection is effective for imprO\'remcnt yield and its
attributing traits. This implied that phenotypic varability or per se performance
may be considered as a reliable measure for genetic variability.

5.13 .Coefficient of variation

Burton (1952) suggested that the genetic coefficient of variation is more
reliable index for measuring genetic variation. In order to compare the different
quantitative characters in .respect of phenotypic and genotypic variability, the
phenotypic coefficients of variation (PCV) and genotypic coefficients of
variation (GCV) were worked out (Table 4.3).

The highest genotypic and phenotypic coefficient of variation was
observed for total branches per plant followed by volatile oil content in seed,
number of seeds per main. umbel, number of effective umbels per plant and
number of primary branches per plant. The traits viz., seed yield per plant, days
to 50 per cent flowering, total plant height, diameter of main umbel, number
umbellates per main umbel, number of seeds per umbellate, test weight
exhibited moderate values of genotypic and phenotypic coefficients of
variation, whereas days to 50 per cent maturity, plant height up to main umbel,
length of intemode showed low values of genotypic and phenotypic

coefficients of variation. High genotypic and phenotypic coefficients of
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variation for umbels per plant and seed yield per plant reported by Rajput ef al.
| (2004) in fennel; for number of branches per plant, yield per plant, 1000-seed
weight, days to flower and days to maturity reported by Mathur et al, (1971),
for yiéld per plant, days to germination, 'number of seeds per umbel and plant
height reported by Baswana ef al. (1983), for plant height, number of umbels
per plant, number of seeds per umbel, test weight, seed yield per 10 plants
reported by Dhayal et al. (1999), for genotypic and phenotypic coefficient of
variations for seed yield, umbels pef plant, seeds per umbel and harvest index
reported by Singh et al. (2001) in cumin; for number of seeds per umbellate
and number of umbels per plant reported by Mehta and Patel (1983), for plant
height reported by Arumugam and Muthukrishﬁa_n (1978), plant height, number
of umbellate per main umbel, number of umbels per plant, number of seeds per
main umbel and seed yield per plant reported by Suthanthirapandian et al.
(1980), for number of umbels per plant reported b'y Rama Rao er al. (1981), for
plant height, number of umbels per plant, number of seeds per main umbel and
seed yield per plant reported by Sharma and Sharma (1989), for number éf
umbels per plant repoﬁcd by Reddy et al. (1989) and Sanker and -Khader
(1991a), for days to maturity, secondary branches, days to flowering, and
1000-seed weight reported by Tripathi e al. (2000}, for number of umbels per

plant and number of seeds per umbel reported by Sharma e al. (2004) in

coriander,
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The results suggested that characters showing high value of genotypic
and phenotypic coefficients of variation may easily improved by careful
selection of desired genotypes from pépulation.

514 H‘eritability (Broad sense) and genetic advance

It is not possible to determine the exact amount of heritable variability
with the help of genetic coefficient of variation alone. Burton (1952) suggested
that genetic coefficient of variation together with heritability would give a
better idea about'the amount of genetic advance to be expected from selection.

The magnitude of variability present in a crop species is of most
importance as it is the base for the effective selection. In crop improvement,
only the genetic components of variation are important because only these
components are transmitted to the next generation. Heritability indicates the
effectiveness with which selection of genotypes could be based on phenotypic
performance. This could be achieved through the estimates of heritability and
genetic gain.

The heritability estimates were quiet high for days to fifty per cent
flowering, number of primary branches per ple;nt, number of total branches per
plant, number of seeds per main umbel, test weight, volatile ;)il content in seeds
and seed yield per plant. These findings are in agreement with the results
obtained by Mathur ez al. (1971) for days to maturity, 1000-seed weight, days
to flower, yield per plant, number of branches and plant height; Mehta and
Patel (1980) for 1000-seed weight, days to flowering and maturity; Baswana

et al. (1983) for yield per plant; Ramavtar et al. (1991a) for seed yield, days to



Discussion

flowering, primary branches and umbels per plant; Dhayal er al. (1999) for
plant height, number of umbels pe‘r plant, number of seeds per umbel, test
weight, seed yield per 10 plants; Singh er al. (2001) for seed yield, umbels/
plant, seeds/umbel and harvest index; Rajput and Singh (2002) for days to
flowering, seed yield, branches per plant and umbellates per umbel; Singh er al.
(2004) for test weight, days to flowering and seed yield per plant in cumin.
The high heritability estimates in fennel for number of seeds per umbellate,
number of umbels per plant, plant height, number of umbellates/umbel,
1000-seed weight, seed yield per plant (Mehta and Patel, 1983; Jindal and
Allah-Rang, 1986; Agnihotri er al., 1997, Rajpt_lt et al., 2004). In coriander for
plant height, nﬁmber of umbels p'er plant and number of umbellates per main
umbel were noted by Arumugan and Muthukrishnan (1978); Rama Rao et al.
(1981); Jindal et al. (1985), Reddy et dl. (1989); Sharma and Sharma (1989);
Bhandari and Gupta (1993) and Sankar and Khader (1991a). Similarly for days
to flowering, 1000-seed weight, and days. to maturity (Bhandari and Gupta,
1993), seed yield per plant and number of umbels per plant (Ali er al., 1994),
days to maturity, days to flowering, and 1000-seed weight (Tripathi et al.,
2000), seed per umbel, days to fifty per cent flowering, plant height, umbels
per plant and 1000-seeds weight (Sharma et al., 2004). Krishnamurthy and
Madalagiri (2002) reported high heritability for -number of seeds/plant, .

essential oil content, numbers of umbels/plant, and numbers of seeds/umbel

in Ajwain.
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Moderate values of heritability were obtained for number of seeds per
main umbel, number of umbellates per umbel, plant height, numbers of
effective umbels per plant, number of seeds per umbellate and diameter of
main umbel, which indicated that this characters were influenced by
environment.

The higher estimates of heritability indicate that these characters were
comparatively less affected by environment. The traits viz., number of primary
branches per plant, total branches per plant, seed yield per plant and volatile oil
content in seeds displayed high heritability estimates along with high GCV.

Shift in gene frequency towards superior side under selection pressure is
termed as genetic advance and is generally expressed as percentage of mean
(Genetic gain). Johnson et al. (1955) suggested that heritability together with
genetic advance is more useful parameters in choice of the best genotype‘by
selection.

In the present investigation, high heritability coupled with moderate
genetic advance was recorded for volatile oil content in seeds, number of
primary branches per plant, seed yield per plant, test weight, days to 50
per cent flowering and total effective branches per plant. Mathur et al. (1971)
reported a higher value of genetic advance along with high heritability values
in yield per plant and the 1,000-seed weight; Mehta and Patel (1980) reported
heritability estimates were high for 1000-seed weight, days to flowering and
maturity; Baswana ef al. (1983) reported high heritability and genetic advance

for yield per plant; Dhayal e al. (1999) reported higher estimates of heritability
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and genetic advance for plant height, number of umbels per plant, number of
seeds per umbel, test weight, seed yield per ten plants; Singh e al. (2001)
reported higher estimates of heritability and genetic advance for green yield,
umbels per plant and seeds per umbel; Rajput and Singh (2002) reported high
heritability and genetic advance for seed yield and branches per plant; Singh
et al. (2004) reported high heritability and genetic advance for seed yield per
plant in cumin, Mehta and Patel (1983) reported high heritability with moderate
to high genetic advance for majority of the traits except 1000-seed weight;
Jinda] and Allah-Rang (1986) high heritability with high genetic advance for
number of umbellates per umbel; Agnihotri ef al. (1997} high heritability with
high genetic advance for umbels per plant, yield per plant and yield per plot;
Rajput er al. (2004) high heritability with high genetic advance for umbels‘ per
plant, seed yield per plant in fennel. Similarly in coriander, moderate to high
genetic advance was observed for plant height and number of umbels per plant
by Arumugan and Muthukrishnan (1978); for number of seeds per main umbel
and seed yield by Rama Rao et al. (1981); for plant height, number of umbels
per plant and number of seeds per main umbel by Jindal et al. (1985); for plant
height, days to flowering, number of umbels per plant and seed yield by
Sharma and Sharma (1989); for number of umbels per plant and seed yield by
Ali et al. (1994) and for days to fifty per cent flowering, plant height, umbels
per plant and 1000-seeds weight by Sharma ez al. (2004).

Moderate heritability with low genetic advance as per cent of mean was

recorded for the characters viz., total plant height, diameter of main umbel and
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number of seeds per umbellate. This finding is in agreement with the results
obtained by ‘Rajput and Singh (2002) for total plant height and Tripathi er al.
(2000) for nﬁmber of seeds per umbellate, diameter of main umbel and plant
height.

High genotypic coefficient of variation with high heritability and genetic
advance was observed for total branches per plant, seed yield per plant, volatile
oil content in seeds and number of primary branches per plant. Moderate
coefficient of variation with moderate herit'ability and moderate genetic
advance as per cent of mean was observed for plant height, diameter of main
umbel and number of seeds per umbellate. .

Based on all variability parameters, it is revealed that the characters viz.,
number of effective umbels per plant, test weight, volatile oil content in seeds,
number of primary branches per plant, number of seeds per main umbel, seed
yield per plant, total branches per plant, seed yield per plant showed substantial
to high genetfc variability. Further, the above mentioned characters also
exhibited moderate genetic gain. Therefore, selection practiced on these
characters would- be helpful in improvement of fennel yield. Further, such
highly heritable characters can be easy transferred to cultivate varieties for
improvement of specific character.

52 CORRELATION COEFFICIENT ANALYSIS :

Searle (1965) has suggested that average merit of a character in a

population can be changed by means of selection programme based on

phenotype. However, such improvement would be more reliable if indirect
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selection based on the other traits correlated with it. Thus, for rational
improvement of yield and its components, the understanding of correlation
between each other is very useful.

In breeding crops for higher yield, it is imperative to obtain information
regarding the interrelationship of different plant characters with yield and
among themselves, since it facilitates the quicker assessment of high yielding
genotypes in selection programme. Estimation of only phenotypic correlation
coefficient is not sufficient to understand complete association between
characters, as it is the result of interaction between the genotype and
environment. The real association could be known only through genotypic
correlation, which eliminates the environmental effects. Hence, in the present
investigation the genotypic and phenotypic correlation coefficients were
worked out between seed yield per plot and other component characters.

In general, present results indicated that the values of genotypic
correlation were higher than their phenotypic correlation (Table 4.4). This
indicated that though there was a high degree of association between two
variables at genotypic level, but its phenotypic expression was deflated by
environment.

Seed yield per plant showed positive highly significant correlated with
number of effective umbels per plant, total plant height, number of primary
branches per plant, total branches per plant, number of umbellates per umbel
and number of seeds per main umbel at genotypic and phenotypic levels.

Moreover, the values of genotypic correlation coefficients were higher than the

bl
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corresponding phenotypic correlation coefficients for almost all the characters.
A number of workers also reported similar genotypic and phenotypic
association for different characters with seed yield per plant viz., days to 50
per cent flowering, plant height and umbels per plant (Singh et al., 2004) in
cumin; plant height, umbels number per plant, umbellates number per umbel
and seeds number per umbellate (Jindal and Allah-Rang, 19865; plant height,
number of branches per plant, total number of umbels per plant, number of
seeds per ﬁmbellate-, number of seeds per umbel and 1000-seed weight (Patel,
1995); plant height, number of primary branches per plant, number of umbels
per plant, 100-seed weight and seeds per umbel (Singh ez, al., 1999); plant
height, branches per plant, umbels per plant and test weight (Rajput er al.,
2004) in fennel; plant height and number of umbels per plant (Rama Rao et al.,
1981); plant height, number of branches and number of umbels (Shinde ez al.,
.1985); plant height, number of branches, number of umﬁels, umbellates per
plant, seeds per umbellate and straw yield per plant (Sharma and Sharma,
1989); plant height, branches per plant, umbeis per plant, umbellates per umbel
and seeds per umbel (Sharma and Meena, 2004) in coriander.

Days to 50 per cent flowering showed positive and highly significant
genotypic and phenotypic association with days to maturity, while diameter of
main umbel was signiﬁcantly correlated at genotypic level only. This finding is
supported by Singh er al. (2004) for seed yield per plant in cumin and

Tripathi et al. (2000) for seed yield per plot in coriander.
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Days to 50 per cent maturity was positive and significantly correlated
with plant height up to main umbel, at both levels. Diameter of main umbel at
genotypic level only.

Plant height up té main umbel reflected positive and highly significant
correlation at genotypic and phenétypic levels with number of primary
branches per plant, total plant height and length of internode. This trait showed
positive and significant correlation only at genotypic level with total branches
per plant, diameter of main umbel and number of effective umbels per plant.
Similar association of height up to the base of the main umbel obtained with
plant height, number of umbels per plant,' number of branches per plant,
number of umbellates per umbel, number of seeds per umbel, and 1000-seed
weight (Jain et al., 2003).

Total plant height showed significant and positive correlations with
number of primary branches per plant, total branches per plant and number of
effective umbels per plant at both the levels, while diameter of main umbel,
length of internode and 1000-seed weight were significantly correlated at
genotypic level only. It is suggest that taller plant should be selected, while
breeding for higher yield.

Number of primary branches per plant exhibited positive and significant
correlation at both phenotypic and genotypic levels with total branches per
plant and number of effective umbels per plant. Diameter of main umbel
showed positive and significant correlation at genotypic level only. These

results are in conformity with the findings of Sharma and Meena (2004).
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Total branches per plant had positive and s-igniﬁcant correlation at both
phenotypic and genotypic levels with number of effective umbels per plant.
This indicated that selection for more total effective branches per plant may be
useful in increasing the number of effective, umbels per plant. Which are
important yield attributing characters.

Diameter of main umbel exhibited positive and significant correlation at
genotypic level only with number of seeds per umbellate, number of seeds per
main umbel, length of internode.

This suggested that selection for more diameters per main umbel though
increase number of seeds per umbellate, number of seeds per main umbel and
length of internode.

Number of umbellates per main umbel was significantly and positively
assoclated with number of seeds per main umbel at phen;)typic as well- as
genotypic levels. This indicated that selection for more number of umbeilates
per main umbel would increase number of seeds per main umbel.

Number of seeds per umbellate were found to be significantly and
positively correlated with number of seeds per main umbel at both levels.
Length of intemode showed positive and significant correlation at genotypic

level only, suggesting that selection of this character may increase the number

of seeds per main umbel.

Number of seeds per main umbel was positive and significant
correlation with length of internode at genotypic level only, suggesting that

selection for this trait may increase the length of internode.
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Length of internode was found to be negative but significant correlations
with 1000-seed weight at genotypic level only, indicating that with increase
thel000-seed weight and decrease the length of internode.

In the present study, 1000-seed weight had negatively and significant
Correlation with volatile oil content in seed, suggesting that selection of this
character ma)} decrease the volatile oil

In general, plant height, number of primary branches per plant, total
branches per plant and number of effective umbels per plant exhibited positive
correlations of considerable magnitude with seed yield and hence, they can be
used as selection parameters for evolving high yielding varieties.

53 PATH COEFFICIENT ANALYSIS :

Yield is a complex character and is the multiplicative and product of
several components. Some of them may be grouped as main components which
directly contribute towards yield, whereas others may not contribute directly to
the yield but may influence the yield by changing the behaviour and growth of
different components. The simple correlation, may not give a clear picture of
system operating on the material selected for study. In order to achieve the
clear-cut picture of interrelationship of various component characters with
yield, direct and indirect effects were calculated by using path co-efficient
analysis at genotypic level.

The highest positive di-rect effect on yield was with number of effective
umbels per plant followed by number of seeds per umbellate, total branches per

plant and number of umbellates per umbel. These characters had positive and
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significant correlation with seed yield per plant. Similar results have been
reported by Agnihotri et al. (1997) for branches per plant and seeds per umbel;
Singh er al. (2003) for seeds per umbel; Rajput ez al. (2004) for seeds per
umbel in fennel; Sharma and Sharma (1989) for number of branches per plant;
Sharma and Meena (2004) for seeds per umbel and branches per plant in
coriander.

Plant height up to main umbel showed negative direct effect on seed
yield per plant, but the genotypic correlation between these two characters was
positive due to its positive indirect effects via total branches per plant, number
of effective umbels per plant and number of seeds per umbellate. Such direct
effect was also reported by Jain et al. (2063) for days to 50 % flowering in
coriander.

Number of primary branches showed negative direct effect on seed yiéld
per plant, but correlation with seed yield was positive due to its positive and
high indirect effects through total branches per plant and number of effective

. umbels per plant. Such direct effect was reported by Jz}in et al. (2003) for days
to 50 % flowering in coriander.

Total branches per plant exhibited high and positive significant
correlation and high direct effect on seed yield per plant. Its indirect effect via
nurﬁber of effective umbels per plant was high and positive. Agnihotri et al.
(1997) in fennel and Sharma and Sharma (1989) and Sharma and Meena (2004)

reported positive direct effect of branches per plant on seed yield in coriander.
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Number of effective umbels per plant showed high positive significant
correlation and high direct effect on yield per plant. Its indirect effect was high
and positive via total branches per plant. Its indirect effect via rest of characters
were nega-tive and low. Singh et al. (2003) and Rajput ef al. (2004) in fennel;
Rama Rao er al. (1981), Bhandari and Gupta (1993), Jain er al. (2003) and
Sharma and Meena (2004) in coriander reported positive direct effect of
number of seeds per main umbel on seed yield.

Number of umbellates per umbel had positive and significant correlation
with seed yield per plant. Its direct effect on seed yield was high and positive.
Its indirect effect was positive via number of seeds per umbellate and plant
height up to main umbel. Positive direct effect of number of umbellates per
plant on seed yield per plant was reported by Jindal et al. (1985), Sharma and
Sharma (1989) and Bhandari and Gupta (1993) in coriander.

Positive genotypic correlation was observed for number of seeds per
umbellate and positive direct effect on seed yield. Its indirect effect via number
of umbellates per umbel and number of primary branches pef plant were
positive and low. Bhandari and Gupta (1993) reported that grains per umbellate
had high direct effect on seed yield per plant in coriander.

An important consideration for formulz;ting the path diagram is that all
the important causal factors affecting the seed yield per plant are included.
Seed yield is a very complex character affected by several factors. It was not
feasible to include all the characters- in the present study. Under such

circumstances, provision is made for a residual path, which will take care of all
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such not considered factors. In the stﬁdy the residual effect at genotypic level
was 0.25;23, which suggested that there might be few more component traits
responsible for the seed yield per plant. In the present study overall picture of
path analysis revealed that while selection for improving seed yield of fennel,
weightage should be givén to moderate height up to main umbel with
maximum total branches, number of effective umbels per plant, number of
umbellates per main umbel, number of seeds per umbellate and number of

primary branches.
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VI. SUMMARY AND CONCLUSIONS

The investigation was carried out on variability, heritability, genetic
advance, correlation and path analysis coefficient in thirty-six genotypes of
fennel. The genotypes were selected from the germplasm maintained at the
Main Spices Research Station, Sardarkrushinagar Dantiwada Agricultural
University, Jagudan, Guijarat State. Fifteen characters viz., grain yield per plant,
days to 50 per cent flowering, days to maturity, plant height up to main umbel,
plant height, number'of primary branches per plant, total branches per plant,
number of effective umbels per plant, diameter of main umbel, number of
umbellates per main umbel, number of seeds per umbellate, number of seeds
per main umbel, length of internode, 1000—seeld weight and volatile oil content
in seed were considered for the study. The experiment was conducted in a
Randomized Block Design with three replications.

The salient findings are summarized below:

[1]  The analysis of variance for all the characters showed highly significant
differences among the genotypes, indicating presence of sufficient
amount of variability in the material.

[2] The genotypic and phenotypic variances Were higher for grain yield per
plant, days to 50 per cent flowering, days to maturity , plant height up to
main umbel, plant height, total branches per plant, number of effective
umbels per plant, number of umbellates per main umbel, number of

seeds per umbellate, number of seeds per main umbel.
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(3)

(4]

(5]

(6]

Summary and Conclusions

The highest genotypic coefficient of variation was observed for total
branches per plant followed by volatile oil content in ;Seed, number of
effective umbels per plant and number of seeds per main umbel.

High heritability estimates (Broad sense) were found for days to 50
per cent flowering, volatile oil content in seed, 1000-seed weight,
number of primary branches per plant, total branches per plant and seed
yield per plant indicating that these characters were less influenced by
the environment and direct selection for these traits would be effective
for further improvement.

High heritability estimates couipled with moderate genetic advance as
per cent of mean was recorded for volatile oil content in seeds, number
of primary branches per plant, seed yield per plant, test weight, days to
50 per cent flowering and total branches per plant indicating the
predominance of additive ger.le action for this trait.

Estimates of correlation coefficients revealed that in general genotypic
correlations were higher than their phenotypic counterpart. Highly
significant and positive correlations were observed for grain yield per
plant with plant height, plant height up to main umbel, number of
primary branches per plant, total branches per plant, number of effective
um‘;)els per plant, number of umbellates per umbel and number of seeds
per main umbel. Considering above relationships an ideal plant type in
fennel can be moderate height up to main umbel with high individual

plant yield coupled with maximum number of primary branches per




(7]

(8]

[

Sunumary and Conclusions

plant, total effective branches per plant, number of effective umbels per
plant, number of umbellates per umbel and number of seeds per main
umbel,

Path coefficient analysis revealed the highest positive direct effect of
number of seeds per main umbel followed by total branches per plant.
Total branches per plant had indirect effects via number of umbellate per
umbel and numbers of seeds per main umbel were high and positive.
Number of seeds per main umbel had indirect effects via number of
effective umbels per plant and numbers of primary branches per plant
were positive.

Based on these findings, it could be concluded that in breeding
programme aiming to improve grain yield in fennel, more weightage
should be given to total branches, number of seeds per main umbel and
number of primary branches.

The culture JE-521 was the best yielder and had high values of major
yield attributing characters. This culture may be further evaluated under

field trials to confirm it’s superiority for the yield.
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Appendix-I : Meteorological data during the period of investigation

Months | Std. Date Temperature °C | Relative | Rainfall | Rainy
Week Min. Max. |Humidity| (mm) Days

. (%)
23 4-10 284 414 | 80.14 - -
June- 24 11-17 28.6 396 | 8729 3 -
2003 25 18-24 26.7 314 | 8571 38 2
26 | 25-1July | 292 368 | 78.57 - -
27 2-8 339 339 | 8857 29 2
July- 28 9-15 31.8 318 | 93.71 63 3
2003 29 16-22 31.6 316 | 9271 77 3
30 23-29 29.1 29.1 96.00 218 6
31 30-5 26.0 296 | 96.57 29 2
32 6-12 26.1 314 | 92.00 - -
A‘zlgl‘]‘;t' 3 | 1319 | 270 | 322 | 8100 I :
34 20-26 26.6 317 85.86 135 2
35 | 27-28ept. | 250 29.3 9200 | 20 2
36 3-9 25.6 31.1 87.57 5 1
September | 37 10-16 253 323 80.00 - -
-2003 38 17-23 26.1 319 84.71 35 2
39 24-30 252 326 | 83.71 - .
40 1-7 247 34.1 | 76.86 - -
October- | 41 8-14 222 347 | 6929 - -
2003 | 42 15-21 19.9 339 | 64.71 - -
43 22-28 194 339 | 65.57 - -
44 29-4 20.9 333 51.57 - -
, 45 5-11 21.6 34,1 72.71 - -
N"‘;%‘g;’er' 46 | 1218 | 189 | 354 | 5843 3 -
47 19-25 183 314 | 50.00 - -
48 | 26-2Dec. | 16.1 306 | 46.86 - -
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Months | Std. Date Temperature °C | Relative | Rainfall | Rainy
Week " Min. Max, | Humidity | (mm) Days

(%)
49 39 134 | 305 | 4457 - -
December-| 50 10-16 132 | 310 | 4143 - -
2003 51 17-23 124 29.5 39.14 - -
52 24-31 | 121 238 | 4163 - -
1 1-7 115 222 | 38.14 - .
January- | 2 8-14 13.1 246 | 4371 - ;
2004 3 15-21 12.5 283 | 5843 - -
4 22-28 10.3 239 | 42.00 - -
5 29-4 104 | 237 | 4657 - -
February- | 6 5-11 11.1 264 | 5029 - -
2004 7 12-18 12.6 300 | 48.14 - -
8 19-25 134 | 301 | 3543 - -
9 26-4 14.5 344 | 4125 - C -
10 5-11 15.1 350 | 39.71 - -
1‘2’(‘)5‘3" 11 12-18 172 | 358 | 3729 - ,
12 19-25 20.1 388 | 39.14 - -
13 | 26-1 April | 18.8 362 | 37.14 - -
14 2-8 219 373 | 4043 - -
April- 15 9-15 22.6 397 | 4371 - -
2004 16 16-22 232 | 404 | 54.86 - -
17 | 2329 | 265 | 416 | s6.14 - -
Total :-| 653.0 25

Source : Main Spices Research station, Sardarkrushinagar Dantiwada
Agricultural University, Jagudan (Gujarat).



Appendix-II ; Mean performance of 36 genotypes

Sr. | Genotypes Grain | Daysto 50 | .Daysto Plant Plant No. of Total No. of Diameter, No. of No. of No,of | Lengthof 1000- Volatile
No, yield per cent majurity height height primary branches | effective of main umbellate seeds per seeds internode seed oil (%)
per flowering up to (cm) branches | perplant umbels umbcl perumbel | umbellae per (cm) weight
plam main per plant per plant (cm) main (4]:3]
() umbel umbel
(em)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1. | IF275 164 1023 2060 1330 173.3 135 573 378 16.5 36.1 402 14333 235 59 1.7
2. | JF303 [55 109.7 2133 1400 1823 135 62.7 429 162 31.3 298 10743 212 6.9 1.7
3, | IF351-1-2 130 110.0 2103 1050 149.0 10.1 34.6 292 17.2 499 346 17277 222 80 16
4. | IF251-5 161 101.7 2087 1127 1577 114 48.4 40.1 15.9 479 324 14833 194 73 15
5. | JE376-5 150 917 1793 1143 157.7 8. 46.2 387 14.3 434 347 14857 192 8.1 1.3
6. | JF3766 130 843 1770 1383 1793 7.1 34.2 273 14.8 430 386 1651.3 24.1 8.4 14
7. | JF420-1-1 148 119.7 2220 140.3 1737 11.1 41.0 30.8 18.5 519 35.1 17547 182 2.0 13
3. JF427-1-1 133 k1.7 196.7 1147 161.3 82 31.3 24.1 143 51.0 394 2026.7 21.7 6.1 22
9. | JF460 141 114.0 2020 1197 146.7 7.8 324 25.1 14.5 500 434 21390 233 8.8 1.7
10. } JE464-1 161 119.0 2227 124.0 1673 9.7 374 339 194 57.7 46.3 2650.7 230 85 1.6
11, | JF47i2 148 1110 198.0 96.7 1353 929 365 300 158 520 40.6 21583 17.7 9.8 i3
12. | JF472-2-3 162 100.0 1863 1363 1743 120 498 364 194 410 415 17213 24.6 84 14
13. | JE490 165 1293 2307 136.7 1743 114 44.2 342 194 514 45.1 23353 242 8.6 1.8
14, | JF500-2 128 119 207.7 1280 151.0 8.9 35.5 26.1 15.8 46.4 36.0 16503 214 8.7 1.5
15, | JE-501 153 117.3 197.7 1440 2003 10.8 42.7 352 19.2 459 423 18907 195 84 15
16. | JE512=2 182 91.7 169.0 110.3 160.0 13 69.7 50.8 117 404 35.0 13203 185 8.7 1.8
17. | JF5172 143 107.7 2043 115.3 162.7 9.1 343 29.7 16.0 49.9 437 21500 19.8 7.8 135
18. | JF518-2 165 109.0 2197 1200 1743 10.7 43.2 347 143 557 414 24017 194 90 1.3
19. | JE-521 214 99.7 1973 1203 188.7 11.0 68.9 449 169 54.5 453 24433 232 8.6 1.5
20. | JF-525 170 1023 204.7 1250 167.7 128 56.6 388 17.8 46.9 418 19480 221 9.8 12
21. ¢ JF-526 162 106.0 1383 1173 1733 11.2 43.0 36.6 169 495 410 20220 199 7.5 16
22. Y JF531-1 155 1047 1843 92.0 1573 94 414 373 16.6 46.1 420 18900 21.1 59 23
23. | IF535-1 145 1063 204.7 920 140.7 8.7 370 319 150 519 352 1931.0 17.5 9.0 13
24. | IF-537 105 107.7 211.0 91.7 17 6.4 237 173 152 41.8 36.6 1465.7 159 9.9 12
25. | JF-543 107 79.0 173.3 98.0 1350 6.6 26.5 220 14.7 355 364 1308.3 203 9.0 14
26. | JF568 1712 847 181.7 103.7 155.7 116 48.6 355 192 62.6 374 21603 19.8 102 12
27. | IF-572 122 950 199.7 126.0 160.0 90 292 240 187 433 42.1 17993 234 87 1.5
28. | JF-573 142 983 1903 1160 1570 2.0 342 23.5 166 553 419 22270 26 85 1.5
29. | JF575 111 1120 2040 106.7 123.0 6.8 262 20.8 16.7 396 35.8 1370.7 214 95 1.2
30. | JE-578 147 107.0 209.7 114.7 1573 9.7 396 334 17.8 387 48.1 18110 19.7 92 15
31. | JR-582 145 993 1970 1200 160.0 86 302 237 19.6 52.1 502 2564.3 22.6 85 15
32, | JP-592 162 103.7 2113 1210 1837 115 459 339 170 474 502 23403 193 8.5 1.8
33. | EC-386375 135 113.7 1933 1187 1630 92 40.1 353 152 395 374 14313 203 92 30
34, | GujF-1 134 1247 2163 126.7 1783 92 379 32.1 19.8 41.6 402 17110 214 9.6 1.3
35. | Guj.F-2 154 1103 190.3 1150 1703 110 56.7 44.8 18.5 364 i1l 12000 173 8.8 1.5
36. | GujF.-11 162 108.0 189.0 1240 166.0 119 58.7 414 182 522 324 15930 243 89 1.7
cv.g 9.10 233 8.74 10.71 7.13 7.95 10.37 17.65 9.77 8.83 1043 10.74 9.76 400 6.53
S.Em.4 9.64 142 10.00 7.36 G6.67 0.46 3.59 336 095 238 238 11431 1.18 020 0.06
CD.at5% 27.21 4.05 2823 20.76 18.81 1.29 10.15 949 2.67 6.72 6.73 32251 333 Q.55 0.17
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