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ABSTRACT

The present investigation on variability and catiein studies in radish
(Raphanus sativus L.) was carried out at the research field of Dmsiof
Olericulture, SKUAST-K, Shalimar Campus Srinagariniy the year 2002 at 3
different dates viz., 22.3.2002, 24.5.2002 and .29@.

The analysis of variance revealed highly significdifferences among
genotypes for different characters during the d#fifé sowings.

Both phenotypic as well as genotypic coefficiehtariation were high
for all the characters except for days to matuatyd vitamin-C content.
Heritability in broad sense was high for all theacdtters. Genetic gain was
maximum for root length followed by shoot to roatio. Root weight was
significantly and positively correlated with days maturity, leaf number, leaf
weight, root length, root diameter, total dry matiad total soluble solids while
it showed negative significant correlation with tdp root ratio both at
phenotypic as well as genotypic levels. The reagth showed maximum



direct effect on root weight followed by root diateeand leaf weight.

In general no significant differences were obsérie the characters
studied from the individual sowings and the podedlysis.
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Chapter-I

INTRODUCTION

Radish Raphanus sativus L.) 2n=2x=18 belongs to familZruciferae;
has its origin in the mediterrian region and ifdwed to have originated from
Raphanus raphanistrum a widely distributed weed in Europe. It is an
important root vegetable and is widely grown inhottopical and temperate
regions. It is mainly grown for its edible rootsitbsome varieties are also
grown for their green leaves and young seedpotiss dlso grown as an inter
crop between the rows. The crop becomes readydiwmelt in 5-8 weeks. The
fleshy roots of long types are eaten raw, usedikesl spickled and round types
are usually cooked as vegetable. Roots and leageatch in vitamin A, vitamin
C, minerals and Carbohydrates. Fresh roots hawdingo effect, prevent
constipation, increase appetite and are beneftoigbatients suffering from
piles, liver troubles, enlarged spleen and jaun(ifteewal, 1957).

Radish is one of the most ancient
vegetables and has been under extensive cultivati@gypt since 2000 B.C.
It has spread to China about 500 B.C. and to Japa@@0 A.D. It reached to
England in 1548 A.D. and America in 1629 AD. Inimdadish was introduced
by Portuguese and /or by British. In India Radslgrown over an area of
40675 ha. with a total production of 8.05 ha. ta(€humburaj and Singh,
2001).
In J&K, it is grown in 1765 ha. with a prodimt of 28.35 thousand

tonnes, out of which Kashmir region occupies ©&0 with a production of
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15.25 thousand tonnes (Anonymous, 2001).

The cultivated Radish has a small short seasohatiooate type salad
radish and a large type radish with a wide rangéeofperature adaptations.
Four botanical varieties are recognised within tBpeciesRaphanus sativus
namely Raphanus sativus ridicula, Raphanus sativus niger, Raphanus sativus
olerifera and Raphanus sativus mougri, out of whichRaphanus sativus ridicula
and Raphanus sativus niger are grown for tuberous roots while Baphanus
sativus olerifera is grown for oll in its seeds ariRaphanus sativus mougri is
grown for its pods (Boset al., 1999).

Under the agroclimtic conditions of Kashmir, thaimseason for radish
is August to September with a good quality rootsidp@vailable from October
to January. Radish is also grown during March Apdl under the valley
conditions. However, during summer radish of goo@lity is not available
particularly during May to August.

Being a highly cross-pollinated crop,
radish exhibits considerable variation for diffdréraits. The availability of
large amount of natural variation present in vagigharacters among the land
races/varieties of this crop reveals that ther@mple scope of improvement in
the economic traits of
the crop both by conventional selection procedaresby heterosis breeding.

The scope of improvement through selectiomiy éharacter depends on the
genetic variability present in the germplasm, gredhe variability in the
available germplasm better would be the chancessalécting superior

genotypes (Vavilov, 1951).
Further, in the total variability only the heritalgenetic component is
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important. Burton (1952) suggested that geneticalbdity along with

heritability should be considered for assessing<imam and accurate effect of
selection. Therefore it is necessary to partitrenotypic variation into
genotypic and environmental variation. The estamabf genotypic and
phenotypic coefficients of variation coupled witkritability gives an insight
about the extent of heritable and non-heritableiatian. The extent of
transmission of quantitative characters from pateniff spring depends upon
the heritability of the particular character. Thexitability value alone does not
have much significance as it fails to account foe tmagnitude of absolute
variability. It is therefore necessary to utiliberitability along with genetic
advance while attempting for selection.

Root yield being complex in nature, can be improlagdmproving its
component characters such as root size, averagevesght, leaf number, leaf
weight etc. The knowledge of nature and degreeasdociation among
themselves and with yield is essential as theyesaw an aid in selection
programme.

Therefore in any improvement programraestudy of nature and
magnitude of variability, heritability and assowmat between characters
becomes a pre-requisite.

To assess the extent of variability and corretatletween various

characters, the present study was therefore uhe@ertavith the following

objectives:
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1. To study phenotypic, genotypic and environmentatiati@n of
different root and shoot characters.

2. To estimate heritability and genetic advance

3. To study correlation between different characters.

On the basis of information generated a suitable &tion criteria can
therefore be suggested to identify

genotypes having high yielding

potential coupled with reasonably

improved quality.
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Chapter-I1

REVIEW OF LITERATURE

The success of any breeding programme depend&eompresence of
sufficient genetic variability to pursuit effectigelection. In crop improvement,
the selection of plants is made on the basis ofr theenotype and the
effectiveness of selection would largely depengmportion of phenotype due
to genotype which is heritable. Classification total variability into its
heritable and non-heritable components such asgtyygioc and genotypic
coefficient of variation, heritability estimatioma expected genetic advance is
of paramount importance in understanding the gemaéikeup of any breeding
material under improvement.

Statistically the amount of variation is measur@idd expressed as
variance. Genotypic variance is a pre-requisite do effective breeding
programme. Genetic coefficient of variation is dise measure the range of
genetic variability present in a particular chagac It is important to assess the
relative magnitude of components of variability order to use such
information, together with other selection paramset®r improvement of the
plant type through adoption of effective breedingtimod (Johnsoret al.,
1955a; Hansoset al., 1956; Willison, 1946 Briggs and Knowles, 1967).
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It is necessary to divide the atotphenotypic variability into

its

components, as these are basis for genetic analydithe dimensions of these
components divide the breeding behaviour of theufaon. Such selection
parameters, particularly genetic variability (EChgIps to choose a potential
genotype, where as heritability’ffalong with genetic advance as percentage of
mean are more useful in predicting the effects fembection of best genotypes.
Equally important is the information on direct aindirect (correlations and
path coefficient) selection parameters as to foateulcoherent breeding
progamme for future use.

Taking into consideration the objectives of presewestigation the
available literature relevant to various aspectshefstudy was collected from

various sources and reviewed and is presenteckifotltowing page.

2.1 Components of variability

One of the important considerations in the formatatof an efficient
breeding programme is the knowledge regarding #tative contribution of
genes in the expression of a particular trait. llfoa most of the variability
among the individuals in the base population isibattable to non-heritable
agencies, selection of phenotypically superiorvittlials from the population
will not lead to desired improvement. Success daelber in changing the
characteristics of population therefore, dependsnuphe correspondence
between the phenotypic values and the genotypiesal

The importance of variability in the germplasmasiirst apprehended by
Vivilov (1951) for production of desirable types pfants. Johannson (1909)
partitioned the genotypic and environmental vasiatirom the total variation

while working on princess variety of Beans. The kvdone by Nilsoret al.
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(1909) and East (1916) firmly supported the finding Johannson.

A wide range of variability has been reported fidfedent characters by
various workers in radish. Tuzikov (1965) fouraluction in coefficient of
variation for root size and weight by 75-100% idlish. He further reported
that the progenies of the largest roots often predwsmaller roots as compared
to root size of their parental lines alongwith kargleviations for other
characters. Nieuwhof and Kraai (1969) reported Yaaieties with abundant
foliage were earliest to mature and were pruneg¢mpture bolting.

Yousuf and Shafi (1969) evaluated some exotic riatar radish and
found French Breakfast, Scarlet Globe and Spatkldre superior in terms of
appearance, earliness and root weight.

Vikova (1971) reported a high degree of variabilftyr root vyield,
ascorbic acid and sugar content in triploid aricepoid progenies of radish as
compared with diploids. Muthukrishanan and Arumudgd®i75) reported wide
variability in root weight, leaf weight.

Kulikova (1975) reported variation in nutritia value of Chinese and
European radish.

Prasad and Prasad (1977) regorte wide range of variability
for different characters in radish like root lengtbot weight, leaf length, leaf
weight and root diameter in different varieties.

Pujari et al. (1978) compared 12 radish cultivars and reportedaPu
Himani as the highest yielder followed by Nothnag¢meal in winter under
Sabour conditions.

Ono and Yoshida (1978) reported an increase in cibefficient of
variation for fresh weight with the increase inmldensity in radish.

Dowker et al. (1978) partitioned phenotypic variation and meagure

relative magnitude of genetic, macro-environmentand genotype
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environmental interactions in carrot.

Bhagchandani and Chaudhary (1978) studied six thbres and their
F1 and F2 and found considerable variability fqu tength, top weight, root
length, root weight, root diameter and sugar cdntenarrot.

Similar variations were observed for different @wers in turnip by
Prasad and Prasad (1978).

Dixit et al. (1980) reported in radish that amongst seven aikivested,
Japanese White gave the highest yield foltblye Kalyanpur No. 1 and

Scarlet Long. On the other hand Siraylal. (1980) reported highest root yield
by PS-5 out of 13 cultivars tested.

Rangaswami and Shanmugavelu (1980) found memiability in radish
for top weight, root yield and leaf area as evigghby their coefficient of
variation. Whereas top to root ratio showed highenotypic coefficient of
variation and was followed by top weight, root gishumber of leaves and root
length.

Brar and Sukhija (1980) reported a high variancd aoefficient of
variation for root yield in carrot.

Natrajan and Arumugam (1981) reported that 89 pamt ®f total
variation in yield of carrot was contributed byfleammber, top length and root
weight. In radish Ponnuswarsi al. (1982) observed highest variance for top
weight, followed by top height and root weight. 8arly high genotypic and
phenotypic variation for foliage, root weight arabt yield was also recorded
(Khanet al., 1983).

Yadav, (1984) reported existence of wide variation characters like
leaf length, root length and root weight in radisBingh and Gupta (1984)

observed variation in the external and internak @our, incidence of black
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streaks pungency and forking in roots of 32 genedyfested. Park and

Kim

(1987) studied six Korean and five Japanese vaseaif radish and reported
that Korean varieties were harder in texture aoslspssed more dry matter,
vitamin-C and isothiosyanates and less nitrateesdrihan Japanese varieties.

Singhet al. (1987) observed highest genetic variability forf lEagth and
lowest for total soluble solids in a study of caigenotypes.

A lot of variability for characters like flesh calg total soluble solids,
reducing sugars, fibre content and moisture contemadish was reported by
Murrali et al. (1989). Similarly Ahmed and Tanki, (1992) reporteidghest
coefficient of variation for shoot weight, followdxy root weight and root yield
and lowest coefficient of variation for root diarein carrot.

Najjar et al. (1996) reported high variability in the ascorbiddaand
isothiocyanate content of radish cultivars.

2.2 Heritability and Genetic Advance

Lush (1940) referred broad sense heritability asato of genetic
variance to the total variance. Estimates of hbility depend upon the amount
of genetic variation existing in the populationveasl as the environment under
which it is evaluated, therefore heritability estiles obtained from different
populations grown under different environments ao¢ directly comparable

nor do individual estimates reflect it as a propeftquantitative traits. This is

mainly used for estimating the proportion of phgpat variance resulting due
to genetic causes and it shows the reliability lénotypic value as a guide to
breeding values. It is also used as a parametemffedicting the genetic

advance in response to selection.
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Johnsonet al.(1955a) reported that heritability and genetic
advance when calculated together are more usefyreédlicting resultant
effects of selection where as genetic advancepesaentage of mean (Genetic
gain) indicates, the response of the charactersetection under different
intensities.

Yukura (1960) in an experiment with turnip foural heritability for
plant weight and leaf and root characteristics pkder root shape, where as
Hoen (1968) recorded high heritability for diffecenin diameter between upper
and lower root halves, intermediate for percentaiggry mater and flatness of
base and low for length/width ratio and fresh neetght in turnip.

High heritability for characters like 1000 seedigi® number of seeds
per siliqua and height of plants has been repdiyeldubkaet al. (1974), where
as for seed yield and root weight, heritability u@s in radish. While working
on radish, Lal and Srivastava (1975) reported lentability and high genetic
advance for root thickness.

Srivastava et al. (1976) reported high estimates of heritapaind

genetic advance for root yield and root weight ugas beet, where as high
narrow sense heritability for earliness, days ttitg and flowering in radish
was reported by Yun and Pyo, 1977.
Singhet al. (1977) observed high estimates of heritability iomber of

leaves with low genetic advance in a study of déife radish genotypes.

Prasad and Prasad (1978) reported high h#itjgalalues for almost all the
characters in radish. High heritability with highnetic advance was found for
dry matter content of leaves suggesting thatdharacter can be improved by
practising phenotypic selection.

Rangaswami and Shanmugavelu (1980) found highelbdity for most
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of characters in both summer and winter sown ceospkfound that shoot
weight and root length were reliable indices famlselection in radish.

Brar and Sukhija (1980) reported a high heritabiior all characters in
carrot except core diameter.

Ponnuswamiet al. (1982) observed high heritability and greater genet
advance for top weight followed by root weight. 8arly, Khan et al. (1983)
reported high heritability for foliage weight, rotgngth and root yield and
suggested that yield improvement in radish canroedht about by selecting
root length, root weight and foliage weight.

Yadav (1984) reported high heritability andigenetic advance estimates
for root length, root weight and root diameter augigested the possibility of
an effective selection when leaf weight, root lénghd root weight are stressed
upon.

Singh et al. (1987) reported high estimates of heritability fal
characters in carrot.

Ahmed and Tanki, (1992) reported high genaticance and genetic gain
for all characters in carrot.

Nijar etal. (1996) reported high heritability for thecasbic acid
content in radish.

2.3 Correlation Coefficients

The basic principle underlying the technique ofrelation analysis was
first of all promoted by Galton (1889) and lateatmrated by Fisher (1918,
1936). The technique has since then been usedvera analytical genetic
studies both in plants and animals. Estimates @iotypic and phenotypic

correlation among characters are useful in plannamgl evaluating
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breeding programme (Johnsetral., 1955b).
Root yield in radish is a complex polygenic ché&saand is result of
interaction between a number of factors inhererthenplant and environment

in which plant grows, it becomes esséritia have a clear picture

of the contribution of each of the character. miast of the traits of economic
importance are complex involving several relateaitdr the knowledge of
degrees of phenotypic and genotypic correlatiorth®trait is important

Yukura (1960) reported negative correlation betw@ercentage dry
matter and fresh root weight in turnip. Leshem ()96bserved a significant
correlation for percentage of pink root colowhange with age in crimson
radish from three sources.

Bleasdale (1967) found the expression of relatignbetween the yield
of plant per unit area and plant density.

Hoen (1968) reported negative correlation betw@encentage dry
matter and fresh root weight in turnip. Associatlmetween abundant foliage
and early maturity was reported by Nieuwhof andaid969) in radish. On
the other hand Trenichova and Sharpik (1969) repostrong association
between earliness and leaf number, earliness andekf weight, earliness and
leaf number and resistance to bolting and high teaf ratio in 42 radish
cultivars.

Thumburaj (1973) found a significant correlatioroefficient
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between root weight and foliage weight, root weightl length of root and

root weight

and girth of root in radish.

Hulenicz and Hortynski (1974) reported a significpositive correlation
between plant weight and 1000 seed weight in radish

Muthukrishnan and Arumugham (1977) observed p@sitorrelation for
root weight with root length, leaf number and fgkaweight. They suggested
root length as the most important yield componemadish. Similarly Singlet
al. (1977) reported positive correlation of root yielith root diameter, skin
thickness, leaf number and root to shoot ratio.

Bhagchandani and Chaudhury (1978) concludedl ihot weight was
positively correlated with top length, top weighapt length, root diameter and
core size in carrot, which was the only dependaglection trait for yield
improvement in carrot.

Khan et al. (1983) observed significant positive associatiotwieen
yield in radish and foliage height, root length andt weight, foliage weight
and percentage dry matter of foliage. Close aasioni of root weight with root
length and top weight was also reported (Parthiagarnd Medhi, 1983).

Sharmaet al. (1983) observed significant positive correlatioriween
yield and root length, days to maturity, leaf numaed dry matter content and
significantly negative correlation between rootgdnand root diameter. The
dry matter content, total soluble solids and Vitat@i content appeared to be
independent of each other as correlations amongngbles were non-

significant.
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Yadav (1984) reported that correlation coefficeeneéxhibited
significant positive values between root length eowt weight, diameter of root
and leaf width, where as negative correlation wasmél between leaf weight
and leaf/root ratio and root length and root disneHe suggested that
selection criteria based on root length and roagktecould be more effective
in maximizing the yield in radish. Singét al. (1987) observed a positive
correlation in yield of carrot with root weight,ablength and leaf length.

Nieuwhof and Giezen (1988) reported thatrate content was not
correlated with root length or dry matter contierdény cultivars of radish.

A significant and positive association of seedliogt length with edible
root length and yield was reported in radish bywaiand Singh (1989).

Danu and Lal (1998) reported that root weight wagnificantly
correlated with root length, number of leaves/plaaterage leaf size, leaf
weight and plant weight.

Murrali et al.(1998) observed that root yield had a significansifive
correlation with root girth and root dry weight, féhnumber of leaves had a
significant negative correlation with root girth.

2.4 Path Coefficient Analysis
The method of path coefficient was first publishieg Wright in 1921.
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Previously known as results of various mating swyste obtained by
laborious arithmetic procedures, were confirmedrye elegant method and
many new results were recorded, some of which \etee corroborated by the
method of matrix algebra. It is a specific type mititivariate analysis- a
system of dealing with a “closed” system of vargabthat are linearly related.
In other words, the system is formally completeslesing all the basic factors
( the “causes”) and their resultant variable (tledfé’cts”). The practical
application of this method is greatly facilitatey the formation of a casual net
work showing the interrelationship of the variablesncerned. Li (1956)
emphasized that the employment of this method rbesproceeded by the
formulation of a casual scheme, relations or basead hypothesis, which the
investigator chooses to accept or test. Consegqueh#d more we know of the
true relationship among the variables, the morenmegéul will be the result of
path analysis. Based on the findings of Wright ahdDewey and Lu (1959)
suggested a methodology to carryout path coefficaralysis to estimate the
direct and indirect effects of the contributingtsdoward the dependant trait.

Muthukrishnan and Arumugam (1977) observed tbat length was the
most important contributing factor of root yieldradish.

Bhagchandani and Chaudhury (1978) reported ithaarrot root diameter
had the highest direct effect on yield, followedtbg weight and root length.
Sharmaet al. (1983) observed that root length had highest dieffeict

on root yield and selection based on root lengthld/prove rewarding.
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Chapter-III

MATERIALS AND METHODS
The present investigation entitled “Variabilityda@orrelation Studies in
Radish Raphanus sativus L.)” was carried out during Kharief 2002 at vegétab
experimental farm, Division of Olericulture, Shekashmir, University of
Agricultural Sciences and Technology of Kashmithaee different dates viz.,
22.3.2002, 24.5.2002 and 29.8.2002. The expermheiie was situated at an

altitude of 1650 m above sea level, at 3Abrth altitude and 74.8Fast
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longitude.
3.1 Climate conditions
The climate of the area is typically temperate.e Thean temperature
and rainfall during the season is given in Table-1.
3.2 Experimental material
Twenty three genotypes of radish, both tropicawesdl as temperate
were grown for the present investigation, the dedidist of these genotypes are
given in Table-2.
3.3 Experimental Details
The experiment was conducted in RBD with 3 repica. Each
treatment consisted of a single row of 2m lengtthwai row to row spacing of

30 cm and plant to plant spacing of 15 cm. Stathdad uniform manurial and
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Table 1 : Climatic conditions during Kharief 2002 & SKUAST-K, Shalimar

Month/Year Temperature (Mean) Relative Precipitation
Max. Min. Humidity (%) (mm)
4/2002 19.62 7.05 67.16 73.3
5/2002 26.45 8.99 63.01 36.7
6/2002 28.58 13.8 65.3 88.4
7/2002 30.66 15.35 70.35 16.7
8/2002 29.76 16.84 76.47 67.7
9/2002 25.11 13.27 73.43 39.6
10/2002 23.19 5.26 76.77 22.8
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Table 2: List of Genotypes

S.No. List of Genotypes Source
1 French Breakfast SKUAST-K
2 Selection- 9 IARI, Katrain
3 White Round SKUAST-K
4 White Icicle IARI, Katrain
5 SKAU-R-1 SKUAST-K
6 SKAU-R-2 SKUAST-K
7 Pusa Himani IARI, Katrain
8 Japanese White IARI, Katrain
9 Mino Early Long White | SKUAST-K
10 IARI, Katrain
1 Scarlet Globe SKUAST-K
SKAU-R-3
12 SKUAST-K
13 SKAU-R-4 SKUAST-K
14 SKAU-R-5 SKUAST-K
15 All Season IARI, Katrain
16 Scarlet Long SKUAST-K
17 Radish Long White YSPUHE-Solan
18 Chinese Pink CSAUAT-Kanpur
19 Kalyanpur No.1 SKUAST-K
20 Hill Queen SKUAST-K
21 SKAU-R-6 SKUAST-K
22 SKAU-R-7 IARI, Katrain
23 Rapid Red White Tipped | SKUAST-K

Early White Milano




cultural practices were followed for each treatman each season. The
observations were recorded from 10 randomly sedegkents of each treatment
on following characters and their means obtaineckwstistically analysed for
the individual seasons as well as for the pooldd dathe 3 seasons.

3.3.1 Days to maturity

From the sowing of seeds to the stage of maximutgifg 10 root
were randomly selected from each treatment anchvieeage number of days
taken for maturity were recorded.

3.3.2 Leaf number

The number of leaves were counted from each 10 ranctly selected
plants and mean was calculated.
3.3.3 Leaf weight (g)

The fresh weight of foliage of 10 randomly selecteplants was recorded in
grams and average leaf weight. per plant was calcaited.
3.3.4 Root length (cm)

Root length of 10 randomly selected roots was takeafter cutting the
leaves at the point of maximum length by a VernieCaliper for round types and
a majoring tape for long types. Average was calcated and expressed as root

length in cm.

3.3.5 Root diameter (cm)



Root diameter was measured from the same 10 rootssed for
measuring
root length, by means of a Vernier Caliper at pointof maximum diameter. Average was
calculated and expressed as root diameter in cm.
3.3.6 Root weight (g)
For calculating root weight, the same 10 roots usefr calculating length
and diameter were properly washed to remove the dasticking to them and weighed. The
average root weight was calculated in grams.
3.3.7 Shoot to root ratio (%)

For calculating shoot to root ratio, the calculatedmean values for root
weight and leaf weight were used. The ratio was deed by dividing leaf weight
by root weight.

3.3.8 Total dry matter (%)

The composite sample was drawn from each line &@d) sample was
weighed. The sample was cut into smaller piecelskapt in oven at &G2°C
till dry weight of sample remains constant. Itsrexpressed in %age.

3.3.9 Vitamin C (mg/100g)
The vitamin C content of radish was calculated by 5-
Dichlorophenol indophenol visual
titration method of A. O. A. C. (1975).

The method in brief is as follows:



a) Reagents3% metaphosphoric acid (HPQ)-30 g
of HPO; was dissolved in glass distilled water and volume
made to 1 litre.

b) Ascorbic acid standard:100g of 1-ascorbic acid was

dissolved in
3% HPO3; and volume made upto 100 ml. 10 ml from this
solution was further diluted to 100 ml with 3% HPQG:.

C) Dye solution:50 g of sodium salt of 2, 6 dichlorophenol
indophenol were dissolved in 150 ml of hot glassdlilled
water containing 42 mg of sodium bicarbonate. It wa
cooled and diluted with glass distilled water to 20nl and
filtered. This dye solution was stored in refrigeator and
standardized every day.

Procedure
Standardization of dye5 ml of 3%
HPO; were added to 5 ml of standard
ascorbic acid and titrated with dye
solution to pink colour which persisted

for 15 seconds. The dye factor i.e. mg



of ascorbic acid per ml of dye was determined usinthe formula:
0.5
Dye factor =
Titrate
Preparation of sample
10 ml of juice extracted from 100 g of root was tadén and filtered
through a filter paper. The filtrate was
dissolved in 3% HPQ to make volume
to 100 ml.
Determination of Ascorbic acid
An aliquot sample of 5 ml of HPQ
extract of sample was titrated with the

standard dye to a pink end point. The

titration was repeated three times and
volume of dye used was calculated.
Calculations
The ascorbic acid (Vitamin-C) content of samplewalculated by

using the formula:

Titratexdye factorxvolumemadeupx100
Aliquotof extracttaken for titratiorxvolumeof sampletaken for extractior

Vitamin—C Content




Where volume of sample taken for estimation = 20 ml

100ml

Volume made up

Aliguot of extract taken for estimation = bml

3.3.10Total Soluble Solids (Brix)

Total soluble solids. content was determined by usy ERMS hand
refractometer. 2-3 drops of juice obtained by cruking a sample of root were
placed on the prism of refractometer and directly ecording the total soluble solid
content on scale. 3 observations from each treatmiewere recorded and average

calculated. The total soluble solids content was pressed inBrix.
3.4 Statistical Analysis
The data obtained from different parameters wassstally analysed

for the assessment of genetic variability, genetic gain and
correlation coefficients.

3.4.1 Single environment data
This analysis was based on the following matherabtiodel given by

Vermaet al., 1987.

Y =+ 0 +1,+(9)) +&,
Where,

Y = Observation of'lgenotype (g = q to 1) in"kreplication
(r= 1ltok),

general mean,

-
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g = effect of the'f genotype

e effect of the | replication, and

random error associated witt'ibservation.

€k
3.4.1.1 Expectations of mean square
Based on the model given above the expectationgsaabus mean

squares were dived as follows :

Source of variation  d.f. M. S. Expected mean squase
Replication (r-1) MSR 0%e+go%
Genotypes (g-1) MSG 0°+ra’,

Error (g-1)(r-1)  ME 0%

3.4.2 Pooled over environments
The analysis was based on the following mathematncalel given by

Vermaet al., 1987

Yix =4+ 0 ++E; +1, +(GXE); +¢

Where,
Yik = Mean of 'genotype in X replicate of ' environment,
K = Overall mean
g = Contribution of I genotype
= = Contribution of ' environment
Mk = Contribution of replicate k in environment |

(GxE);= Interaction betweetf'igenotype and"jenvironment,



8k residual variation of genotype i in replicatefk

environment j.

Expectations of mean square
Based on the model given above the expectatiomaraus mean square

were derived as follows:

Source of variation  d.f. M. S. Expected mean squase
Environments (n-1) MSE O%eHIQ07 gt 190%
Replication n(r-1) MSRE 0%e+g0%nr
Genotypes (g-1) MSG 0°H1G7g +IN07%,
Genotypes

Environments (g-1)(n-1) MSGE 07607 g

Error n(g-1)(r-1) ME 0%

3.4.3 Genotypic variance

Genotypic variance was calculated using the metboggested by
Johnsoret al. (1955) for the single environment and Al-Jiboetral. (1958) for
the data pooled over the environments.

3.4.3.1 Estimation of genotypic variance in single ensonment

,  MSG-ME

Where



0y’ =  genotypic variance

MSG = mean sum of squares for the

genotypes, and

ME

error mean sum of square.

3.4.3.2 Estimation of genotypic variance from thédata pooled over
environments

, _MSG-ME
Jg. =
n
Where

092 = genotypic variance among the
genotypes,

MSG = mean sum of squares for the
genotypes,

MSGE = mean sum of squares for Git&ractions,

r = number of replications, and

n = number of environments.

3.4.4  Phenotypic variance

Phenotypic variance was also calculated by the dtaradvised by
Johnsoret al. (1955a) for the single environment and Al-Jibaalidl. (1958)

for the data pooled over environments.

3.4.4.1 Estimation of phenotypic variance in single envonment




where,

Op = phenotypic variance,

092 = genotypic variance among the genotypes,
O = error variance , and

r = number of replications

3.4.4.2 Estimation of phenotypic variance in data pooledver

environments

0p2 - ng " nge + 02
where, n nr
oy = phenotypic variance,
092 = genotypic variance among the genotypes,
ozgn = (genotypic X environment variance
O = error variance , and
n = number of environments
r = number of replications.

3.4.5 Coefficient of variation
3.4.5.1 Genotypic coefficient of variation

The magnitude of genotypic variation existing ioharacter was worked
out by the formulae given by Burton and De Vanes@)9

Vg
GCV.==2x100
X

Where

G.C.V. = Genotypic coefficient of variance



\' = Genotypic variance,

X = Mean of character under study.
3.4.5.2 Phenotypic coefficient of variation

It was worked out by the formulae given by Burtomd De Vane (1953):

M,
PCV.=Y"x100
X

Where
P.C.V. = Phenotypic coefficient of
variance
Vph = Phenotypic variance,
X = Mean of character under study.

3.4.6 Heritability
Heritability in broad sense was estimatedising following formula

proposed by Burton and De vane (1953), Johmsah (1955) and Hansoet

al. (1956).

NI \
Heritability in percent (bs) H, :V—gxloo

ph

Where



Hws =  Heritability in broad sense

<
I

Genotypic variance

<
I

Phenotypic variance

3.4.7 Genetic Advance

It refers to the shift in a population towards sugry under some
specific selection pressure. It was computed uiiigwing formula given by
Lush (1940) and Johnsa@hal. (1955a) at 5 per cent selection pressure taking

value of K as 2.06 as proposed by Allard (1960).

\Y

Genetic  Advance =Vg x K x N, =h2K N,

ph

Where
G. A. = Genetic advance
Vg = Genotypic variance
Vph = Phenotypic variance
K = Selection differential
3.4.8 Genetic gain

It is the percentage of genetic advance based enmdan of a



particular character under study. It was calculdtgdhe method suggested

by Johnsoret al. (1955a)

Genetic gain= G?A x100

Where

G. A = Genetic advance

X = Mean of character under study.
3.4.9 Correlation coefficients

Correlation coefficient between yield and otherrelsgers and among
the characters were calculated by using the forrgivlan by Al-Jibouriet al.
(1958).
3.4.9.1 Genotypic correlation coefficients:

- COV'xy(g)

r =
xy(9) Vi x\/

x(9) y(9)

3.4.9.2 Phenotypic correlation coefficient

Cov.

(o) = xy(ph)
Xy(p.
Vo XVy(pn
Where,
Mxy(g) = Genotypic correlation coefficient beemea pair of

characters viz. X and Y,



I'xy(ph) = Phenotypic correlation coefficient between & pa

characters viz. X and Y,

CoVyyg = Genotypic covariance for a pair of charactezsX and Y,

COVyy(ph) Genotypic covariance for a pair of charactzsX and Y,

V() = Genotypic variance for character X,
Vypny = Phenotypic variance for character Y,
Vypny = Phenotypic variance for character X, and
Vy(g) = Genotypic variance for character Y.

3.4.9.3Test of Significance
‘t’ test was applied to test the significance ofretation by the following

formula:

n = Number of genotypes, and
r = Correlation coefficient.

Calculated (t) value was compared to the tablaesbf t at (n-2) degree
of freedom.

3.4.10 Path co-efficient analysis

Path analysis is simply a standardized partialaggjon analysis and as



such measures the direct influence of one variaiplen the other and
permits the separation of correlation coefficients components of direct and
indirect effects. In the present study the patéffotment analysis was carried
out at the genotypic level only and accordingly thenotypic correlation
coefficient among different character combinationgere used for path
coefficient analysis.

The methodology suggested by Wright (1921) and(1956) was
adopted using formula given by Dewey and Lu (1959).

Path diagram representing cause and effect re&tip among various
traits studied was constructed. The analysis wagied out by the

simultaneous solution of the following equations.

r]_y: P]_y+ r12P2y+ r13P3y+ r14P4y ............... :[nPny
rzy: P12P1y+ P2y+ r23P3y+r24P4y ............... fnPny
rny: rl nPly+ r2nP2y+ r3 nP3y+ r4 nP4y+ ............... Ey

Where = R,; P,;..... By = Direct effects of independent variables (1,29
on dependent variable y.

F12, 113, [14esreeens. fn......[(N-1) = Correlation coefficients between
independent variables

My, l2y ray-..ly = Correlation coefficients between dependent



variables and various independent variables and
rnnPny =The indirect effect of variables ,jxupon dependent variable y via
variable (x).

The simultaneous equations given above are pregs@mimatrix notation

as,;
My 1 1y, e Fin P,
Fay ry 1 Ty (. sz
— e N
_rny ] _rnl rn2 rn3 ....... 1 } i Pny |

Using the values of direct effects and
correlation coefficients, the residual effect waacualated using following
formula.

Py =1-( Pry+ 2Py Poyr15+ 2P Payl15+ 2P Pl gt ...
+( ﬁ2y+2 szngr23+ 2 szP5yr25+2 szP5yr25+ ........ + B3y+

2 P3yay+2 P3yP5yr35+ 2 P3yP6yr36+ _______ Bny

Residual effect R 5/P?y
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The present investigation entitled variability aswtrelation studies
in radish Raphanus sativus L. ) was undertaken to generate information on the
components of phenotypic variability with heritatlyiland expected genetic
gain for the important morphological yield and dtyalraits viz., days to
maturity, leaf number, leaf weight, root lengthptraliameter, root weight,
shoot to root ratio, total dry matter, vitamin-Cdaiotal soluble solids. Besides
the nature of interrelationship existing amongekenomic traits together with
contribution of different morphological and yieldraponent traits towards root
yield, through the study of cause and effect refatvas also determined. The
experimental findings are described in respecblbdiing aspects:

Analysis of variance to estimate components of phgaic variability.
Characterization of nature of direct selection paters like heritability (broad
sense) and estimation of genetic gain.

Estimation of the nature and magnitude of inteti@teship among various traits
and their characterization as index of indirecésgbn parameters.
Direct and indirect contribution of important yielmponent traits to root

yield .
4.1 Analysis of variance and mean performance

Twenty-three genotypes of radish were evaluatedRBD with three
replications at three different environments. Tiean data collected for each

character was subjected to analysis of varianea&t environment and the



result of analysis of variance of various characten individual
environments and for pooled data of all environméngiven in Annexure-l.
The analysis of variance revealed significant eddhces among the
genotypes for all the characters under study avishahl environments and for
pooled data, indicating the presence of good amainvariability in the
material. The performance of different genotypethe different environments
and in the pooled analysis with respect to differgmaracters is revealed in

Table-3.
4.1.1 Days to maturity

The genotypes showed considerable variability faysdto maturity.
During E1 sowing French Breakfast was early to m&ai{81.73), during E2
Rapid Red White Tipped was early to mature (3283J during E3 Scarlet
Globe was early to mature (32.43) while as Kalyanga. 1 took maximum
number of days for maturity in E1, E2 and E3 sowir(¢9.43), (42.16) and
(47.53). Pooled data analysis showed Rapid RedteNhipped the early

maturing variety (30.83) while as Kalyanpur No. &sathe late maturing (48.54).



Table 3: Mean Performance of Various Characters in Radish

Genotype/Trait

Days to maturity

Leaf number

Leaf weight (g)

El

|E2 | E3

| Pooled

El

E2 | E3

Poole

El

E2 | E3

Poole
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French Breakfast 31.73 | 31.20] 35.86 | 32.93 |9.36 | 10.46 | 9.63 |8.63 |63.37 |68.48 | 7546 |69.11
Selection- 9 35.26 | 32.26/37.86 |3513 |9.53 |10.33 |12.43 |9.66 |53.33 |47.89 |49.46 |50.22
White Round 41.46 | 41.06| 4550 |42.68 |10.13 |11.06 | 9.53 |10.24 | 5457 |61.70 |48.79 |55.03
White 1eicle 42.40 | 35.73| 44.36 | 40.83 |6.46 |9.46 |6.96 |7.63 |63.71 |71.72 |61.12 |6552
SKAURL 41.13 | 36.80| 42.63 |40.19 |8.46 |11.46 |8.33 |9.42 |6830 |74.32 |60.78 |67.80
SKAUR.2 40.80 | 35.66| 42.40 |39.62 |9.33 |843 |9.43 |[9.07 |32.98 |47.84 |58.60 |56.48
ouUsa e 45.6 |40.70| 43.43 |43.27 |10.40 | 11.46 | 10.66 | 10.84 | 63.14 |73.25 |72.75 |69.72
Japanese white 45.06 | 43.86| 44.53 | 44.16 |11.66 | 13.40 | 14.43 | 13.17 | 89.78 | 100.34 | 99.25 | 96.46
Mino Early Long White 44.40 | 40.66| 45.43 | 43.50 |12.83 |18.53 | 13.53 | 14.97 | 90.53 |94.16 |85.44 | 90.05
35.53 | 28.76| 32.43 | 3224 |453 |9.43 |856 |851 |66.70 |72.40 |6823 |69.11
Scarlet Globe 44.86 | 40.96| 47.70 | 4451 |16.70 | 19.70 | 18.50 | 18.30 | 58.126 | 65.60 | 60.64 | 61.46
40.53 | 37.26| 42.43 | 40.08 |12.60 | 16.00 | 14.56 | 14.69 | 9.12 |77.59 |75.67 |74.13
SKAU-R-3 44.93 | 40.80| 4554 |43.76 |14.26 | 17.20 | 17.03 | 16.17 | 89.09 | 100.18 | 113.23 | 97.52
45.73 | 40.60| 48.30 | 44.88 |11.20 | 14.20 | 1453 | 13.31 | 79.89 |92.64 |85.83 |82.79
SKAU-R-4 35.26 | 30.66| 33.56 |33.17 |11.73 |12.20 [8.96 |10.97 |54.21 |63.56 |65.62 |61.13
38.86 | 33.40| 35.73 |36.00 |14.60 |12.83 |13.20 | 13.54 | 72.94 |89.30 |92.97 |85.07
SKAU-R-5 45.06 | 43.16| 47.53 | 44.92 |11.00 |13.20 | 1453 |12.86 | 70.23 |75.89 |82.26 |76.13
All Season 49.43 | 45.30| 50.90 | 4854 |9.60 |14.46 |12.30 |11.93 | 5558 |66.15 |58.25 | 60.00
Scarlet Long 46.06 | 42.20| 46.86 | 45.04 | 14.66 | 19.50 | 17.53 | 17.08 | 106.61 | 115.58 | 102.97 | 108.31
Radish Long White 43.46 | 40.96| 4450 |42.98 |11.86 |12.76 | 13.56 | 12.56 | 74.45 |76.31 |83.88 | 78.33
Chinese Pink 4460 | 40.56| 45.73 | 43.63 |11.13 |11.73 |11.56 | 11.31 | 64.79 |68.14 |66.09 | 66.35
Kalyanpur No.1 32.33 | 27.50| 32.66 | 30.83 |13.20 |15.91 | 13.90 | 14.17 | 23.09 |24.50 |24.50 | 24.03
gwA%ueReg 38.40 | 33.66| 37.66 |36.58 |15.93 |16.89 | 14.96 | 15.80 | 84.18 |89.15 |82.45 |85.25
SKAU-R-7 0.730 | 0.731] 0.715 | 0.3234 | 1.240 | 1.060 | 1.363 | 1.294 | 3.187 |3.871 |3.697 |3.271
Rapid Red White Tipped
Early White Milano
C.D. 5%
Conti.........
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Genotype/Trait

Root length (cm)

Root Diameter (cm)

Root weight (g)

El

|E2 | E3 | Pooled

)

El1 | E2 | E3 | Pooles

El

E2 | E3

Poole
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French Breakfast 5.70 6.33 | 6.00 | 6.01 3.40 | 4.40 | 3.80 |3.87 86.70 87.81 77.56 | 84.03
Selection- 9 25.51 22.70 | 24.96| 24.39 | 356 |3.36 |3.16 |3.37 118.14 | 118.09 | 105.34 | 113.87
White Round 6.76 6.73 |6.13 | 6.54 443 | 4.00 470 |4.41 138.06 | 145.42 | 142.12 | 141.87
White Icicle 20.46 21.65 | 20.33| 20.82 | 250 | 243 |240 |2.44 40.98 46.55 44.09 | 43.82
SKAU-R-1 14.50 15.00 | 16.00| 15.17 | 3.00 | 2.83 |3.06 |2.97 130.43 | 132.32 | 124.66 | 129.14
SKAU-R-2 4.90 6.03 | 6.66 | 5.87 406 | 433 436 |4.26 86.86 100.89 | 96.96 | 94.84
Pusa Himani 22.16 22.66 | 21.16|22.00 |2.40 | 250 |2.16 |2.36 100.58 | 107.22 | 103.76 | 103.86
Japanese White 22.62 25.33 | 25.16|24.37 | 2.43 |3.30 |2.70 |281 101.62 | 107.05 | 111.50 | 106.73
Mino Early Long White 23.66 24.00 | 23.16| 23.61 | 290 |3.00 |3.16 |3.02 116.76 |108.81 | 117.00 | 114.19

4.80 482 |4.86 |4.82 3.90 [3.73 [3.43 |3.69 48.93 50.76 46.41 | 48.78
Scarlet Globe 18.39 18.83 | 20.00| 19.08 | 2.20 [ 3.03 | 3.00 |2.74 101.21 | 110.84 | 104.25 | 105.49
SKAU-R-3 18.16 18.00 | 16.00| 17.39 |2.66 |2.30 |2.13 | 2.37 55.57 50.58 54.25 |53.30

24.01 24.76 | 27.33|126.04 | 250 | 273 |2.70 |2.64 102.01 | 104.66 | 102.76 | 103.15
SKAU-R-4 21.40 21.83 | 22.33|21.86 |2.80 |2.66 |240 |2.62 98.23 87.41 103.12 | 99.59

21.17 21.53 | 20.66|21.11 |3.63 |3.60 [2.80 |3.34 46.71 52.83 52.10 | 50.54
SKAU-R-5 21.80 23.16 | 23.16|22.71 |2.46 |2.76 |2.60 |261 57.06 67.82 62.79 | 62.56
All Season 14.26 16.83 | 18.66| 16.42 | 3.31 | 3.66 |2.93 |3.30 113.28 | 125.60 | 123.18 | 120.63
Scarlet Long 14.07 19.50 | 7.33 | 16.97 | 250 |3.20 |2.66 |2.79 108.69 | 108.03 | 118.14 | 116.62
Radish Long White 19.39 20.50 | 8.662| 19.52 | 245 | 266 |2.31 |248 83.54 85.92 92.24 | 87.23
Chinese Pink 19.27 22.16 | 3.66 | 21.70 |245 | 275 |261 |261 96.18 105.83 | 103.15 | 101.72
Kalyanpur No.1 7.66 7.80 |6.96 |7.48 430 |4.30 |4.16 |4.26 107.92 | 103.20 | 110.71 | 107.28
Hill Queen 5.40 5.20 |4.63 |5.08 4.13 | 3.70 | 3.20 | 3.68 47.04 49.90 50.91 | 49.29
SKAU-R-6 22.33 26.83 | 23.33|24.17 |2.60 | 256 |2.16 |2.44 67.78 66.04 73.09 | 68.47
SKAU-R-7
Rapid Red White Tipped 1.002 1.378 | 1.352| 1.079 | 0.181| 0.188| 0.202 | 0.163 | 3.347 2.244 3.366 | 2.603
Early White Milano
C.D. 5%

Conti.......
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Genotype/Trait

Shoot to root ratio

Total dry matter (%)

El

Arc E1

E2

Arc E2

E3

Arc E3

Pooled

Arc
pooled

El

E2

E3

Pooled

57



French Breakfast
Selection- 9

White Round

White Icicle
SKAU-R-1

SKAU-R-2

Pusa Himani
Japanese White

Mino Early Long White

Scarlet Globe
SKAU-R-3

SKAU-R-4

SKAU-R-5

All Sason

Scarlet Long

Radish Long White
Chinese Pink

Kalyanpur No.1

Hill Queen

SKAU-R-6

SKAU-R-7

Rapid Red White Tipped

Early White Milano

C.D. 5%

0.73
0.45
0.39
1.55
0.52
0.72
0.62
0.88
0.77
1.36
0.57
1.24
0.77
0.81
1.16
1.36
0.62
0.52
1.27
0.77
0.60
0.48
1.24

0.037

4.901
3.846
3.580
7.151
4.135
4.867
4.516
5.362
5.034
6.697
4.329
6.393
5.034
5.163
6.182
6.697
4.516
4.135
6.470
5.034
4.442
3.972
6.393

0.88
0.44
0.43
1.62
0.59
0.49
0.70
0.90
0.80
1.56
0.63
1.42
0.97
0.89
1.22
141
0.61
0.56
1.25
0.73
0.61
0.47
1.21

0.190

5.382
3.803
3.759
7.312
4.405
4.014
4.799
5.443
5.131
7.175
4.552
6.843
5.652
5.413
6.341
6.819
4.479
4.291
6.419
4.901
4.479
3.931
6.315

0.85
0.41
0.66
131
0.46
0.58
0.67
0.93
0.78
1.34
0.54
1.51
1.07
0.88
1.24
1.37
0.65
0.53
1.22
0.79
0.63
0.49
1.25

0.038

5.289
3.671
4.659
6.572
3.888
4.367
4.695
5.534
5.066
6.647
4.291
7.058
5.937
5.382
6.393
6.721
4.624
4174
6.341
5.099
4.552
4.014
6.419

0.82
0.44
0.39
1.49
0.53
0.60
0.67
0.91
0.79
1.42
0.58
1.39
0.93
0.86
1.21
1.35
0.63
0.54
1.25
0.76
0.63
0.48
1.23

0.098

5.195
3.803
3.580
7.011
4174
4.442
4.695
5.474
5.099
6.843
4.367
6.770
5.534
5.321
6.315
6.672
4.552
4.214
6.419
5.001
4.552
3.972
6.367

5.86
4.18
6.15
4.26
5.26
5.26
5.03
6.46
4.86
5.33
4.33
4.56
6.16
4.56
4.93
4.23
5.50
5.06
5.40
5.93
5.46
3.56
5.73

0.260

6.86
4.69
6.56
4.40
4.56
5.50
5.81
6.96
5.33
5.93
5.63
4.60
6.83
5.10
5.20
5.26
6.00
5.48
5.70
6.43
6.06
4.56
5.43

0.288

6.92
4.66
6.61
4.56
5.36
5.66
6.20
6.73
5.20
5.83
6.16
4.90
6.93
5.06
4.96
6.06
6.08
5.03
5.53
6.56
5.70
3.96
5.00

0.274

6.55
451
6.44
4.41
5.07
5.48
5.68
6.72
5.13
5.70
5.38
4.69
6.64
491
5.03
5.19
5.86
5.19
5.54
6.31
5.74
4.03
5.39

0.236
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E2
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Pooled
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French Breakfast
Selection- 9

White Round

White Icicle
SKAU-R-1

SKAU-R-2

Pusa Himani
Japanese White

Mino Early Long White

Scarlet Globe
SKAU-R-3

SKAU-R-4

SKAU-R-5

All Season

Scarlet Long

Radish Long White
Chinese Pink

Kalyanpur No.1

Hill Queen

SKAU-R-6

SKAU-R-7

Rapid Red White Tipped

Early White Milano

C.D. 5%

22.14
18.39
17.29
19.63
18.53
20.76
19.58
20.06
14.24
23.18
20.35
22.57
29.84
18.13
22.26
16.80
25.73
21.58
17.06
14.40
14.90
14.40
17.77

0.916

23.22
20.53
17.41
20.33
20.39
22.74
23.86
22.40
17.73
24.89
23.06
24.25
30.53
19.46
24.45
18.92
27.98
27.98
19.02
17.33
16.90
17.33
19.10

1.245

21.36
21.06
16.74
20.33
18.12
20.89
20.33
20.28
15.70
20.23
20.35
22.33
28.55
16.92
21.77
16.96
24.79
24.43
17.40
1541
15.32
16.19
18.32

0.935

22.24
20.00
17.15
20.10
19.02
21.47
21.26
20.93
15.89
22.72
21.26
23.05
29.64
18.17
22.83
17.56
26.17
24.67
17.83
15.72
15.71
15.98
18.40

0.895

2.92
3.13
3.40
3.16
2.70
2.90
3.20
4.76
4.96
2.83
3.96
4.50
5.16
4.50
3.96
4.90
4.66
3.43
5.06
3.96
3.96
3.96
5.63

0.217

2.93
3.93
3.90
3.10
2.63
2.96
4.83
4.86
4.83
3.16
4.86
5.00
6.00
5.63
2.66
5.83
4.93
4.36
5.00
4.03
4.06
3.96
5.26

0.2575

2.94
3.66
3.80
4.00
2.76
3.06
4.83
5.13
5.03
3.36
4.86
5.00
5.96
4.10
3.26
6.03
5.00
3.53
4.56
3.83
3.53
3.40
4.80

0.270

2.93
3.51
3.70
3.42
2.70
2.98
4.29
4.92
4.94
3.12
4.57
4.83
5.71
4.74
3.30
5.59
4.87
3.78
4.88
3.94
3.86
3.77
5.23

0.214

192.67
262.64
306.78
91.07

289.84
193.01
223.52
225.83
259.46
108.73
22491
123.64
220.11
218.29
103.80
126.81
256.18
234.87
185.68
213.74
239.83
104.52
150.61

6.79

172.36
234.08
315.83
97.98

276.71
215.46
230.59
247.79
259.99
103.14
231.45
120.56
228.68
229.18
115.77
139.53
273.74
262.40
204.97
229.15
246.02
113.14
162.43

10.81

195.14
262.42
323.78
103.44
294.04
226.72
240.27
237.88
241.80
112.84
246.32
111.29
232.57
216.46
117.37
150.72
278.29
240.07
190.92
235.15
229.32
110.87
146.76

10.73

186.72
253.04
315.46
97.49

264.42
211.73
231.46
237.16
253.75
108.23
234.22
118.49
227.12
221.31
112.31
139.03
269.40
245.78
193.85
226.01
238.39
109.51
153.26

9.45
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Table-4: Best Five Cultivars/Genotypes in

respect of Earliness Yield
and Yield attributing Characters of Radish (Raphanus sativusL)

S.No. | Character Best five genotypes on the basisrokan

1. Earliness 1. Rapid Red White Tipped 2. Scarlet Globe
2. French Breakfast 4. Scarlet Long 5. Selection-9

2. Leaf number 1. SKAU-R-3 2. Hill Queen
3. SKAU-R-5 4. Early White Milano
5. Mino Early Long White

3. Leaf weight 1. Hill Queen 2. SKAU-R 3. Japanese Whit
4. Mino Early Long White 5. Early White Milano

4. Root length 1. Mooly early 2. Selection-9 3. Japanese White
3. Early White Milano 5. Mino Early Long White

5. Root diameter | 1. White Round 2. SKAU-R-7 3. SKAU-R-2
4. French Breakfast 5. Scarlet Globe

6. Root weight 1. White Round 2. SKAU-R-1 3. Chinese Pink
4. Kalyanpur No.1 5. Mino Early Long White

7. Total dry matter| 1. Japanese white 2. SKAU-R-5 3. French
Breakfast 4. White Round 5. SKAU-R-6

8. T.S.S. 1. All Season 2. Chinese pink 3. Early White
Milano 4. Mino Early Long White 5. Japanese
White

9. Root yield 1. White Round 2. SKAU-R-1 3. Chinese Pink
4. Kalyanpur No.1 5. Mino Early Long White




4.1.2 Leaf number

The genotypes differed in leaf number during défersowings. During
E1l Scarlet Globe was with less number of leaves3fdwhile as SKAU-R-3
showed maximum number of leaves (16.70). DuringSKAU-R-2 showed
minimum leaf number (8.43) while as Hill Queen skdwmaximum leaf
number (19.50). During E3 White Icicle had minimueaf number (6.96)
SKAU-R-3 had maximum leaf number (18.50). The pdobdata analysis
showed White Icicle with less number of leaves §y.&nd SKAU-R-3 had

maximum leaf number (18.30).
4.1.3 Leaf weight

The minimum leaf weight in E1, E2 and E3 sowingssvehown by
Rapid Red White Tipped (23.09), (24.50) and (24.50)he maximum leaf
weight was shown by Hill Queen during E1, E2 (10%.6115.58) while as
during E3 the maximum leaf weight was shown by SKR5 (113.23). The
pooled data analysis showed minimum leaf weighRbpid Red White Tipped

(24.03) and maximum leaf weight by Hill Queen (119.

4.1.4 Root length

Considerable variability was observed for root legth among



the long types of radish as well as round type. Anmg the round type
Scarlet Globe showed minimum root length during allthe individual
sowings as well as pooled data analysis (4.80)8@), (4.80) and (4.82) while
as maximum root length was shown by SKAU-R-7 duringgel, E2 and E3
and pooled data (7.66), (7.80), (6.96) and (7.48Among the long types of
radish the Kalyanpur No. 1 showed minimum root lenth during E1
sowing (14.07) and Selection-9 showed maximum rodéngth (25.51).
During E2 SKAU-R-1 showed minimum root length (15.0) and Early
White Milano showed maximum root length (26.83). Dring E3 sowing
SKAU-R-1 showed minimum root length (16.00) and SKA-R-5 showed
maximum root length (27.33). The pooled data anatys showed SKAU-R-1
with minimum root length (15.17) and SKAU-R-5 with maximum root

length (26.04).

4.1.5 Root diameter

During E1 sowing the maximum root diameter was leixédl SKAU-R-3
(2.20) while as maximum root diameter was shownWlyite Round (4.43).
During E2 sowing minimum root diameter was observe®&KAU-R-4 (2.30)
and maximum was observed in French Breakfast (4.40)ring E3 sowings
minimum root diameter was found SKAU-R- 4 (2.13ganaximum in White

Round (4.7). In pooled data analysis the minimoot diameter was observed



in Pusa Himani (2.36) and maximum root diameterWhite Round

(4.41).

4.1.6 Root weight

Wide variations occur among the genotypes for nwetght both in
individual as well as in pooled data analysis. iklitnm root weight in the
individual as well as pooled data analysis was shbow White Icicle (40.98,
46.55, 44.09 and 43.82). Maximum root weight inivigal as well as pooled

data analysis was found in White Round (138.06,4215142.12 and 141.87).

4.1.7 Shoot to root ratio

Lowest shoot to root ratio was observed in WRind for individual
as well as pooled analysis (0.39, 0.43, 0.34 a8#)0.The highest shoot to root
ratio during E1 and E2 was found in while Icicle5@) and (1.62) during E3 in

SKAU-R- 4 (1.51) and for pooled data analysis iniltcicle (1.49).

4.1.8 Total dry matter

During E1 minimum dry matter was reported in Rapdd White
Tipped (3.56) and maximum in Japanese White (6.46)E2 minimum value
was observed for White Icicle (4.40) and maximundapanese White (6.96).
During E3 minimum value was observed in Rapid Redt&/Tipped (3.96) and

maximum in SKAU-R- 5 (6.93). The pooled data assyshowed minimum



dry matter in Rapid Red White Tipped (4.03) and imaxn in Japanese

White (6.72).
4.1.9 Vitamin-C

Mino Early Long White showed less vitamin-C (14.24ixring E1 while
as SKAU-R-5 showed maximum Vitamin-C (29.84). SKARJ? showed
minimum vitamin-C (16.90) during E2 white as SKAUSRshowed maximum
vitamin-C (30.53). During E3 SKAU-R-7 showed legisamin-C content
(15.32) and SKAU-R-5 showed maximum (28.55) vitai@ircontent. The
pooled data analysis showed minimum vitamin-C aunite SKAU-R-7 (15.71)

and maximum vitamin-C content in All Season (29.64)

4.1.10 Total Soluble Solids

SKAU-R-1 showed minimum total soluble solids duriagy (2.70) while
as Early White Milano showed maximum total solusdéids (5.63). During E2
minimum total soluble solids content (2.63) wasesteed in SKAU-R-1 and
maximum total soluble solids content (6.00) waseobsd in SKAU-R-5.
Similarly during E3 the minimum total soluble saig2.76) was reported in
SKAU-R-1 and maximum (6.03) in Radish Long Whit&he pooled data
analysis showed minimum total soluble solids can{2rv0) in SKAU-R-1 and
maximum total soluble solids content (5.71) in SKRb.

4.1.11 Rootyield (g/ha.)

During E1 sowing maximum root yield was shown by i#&Round

(306.78) and minimum root yield by White Icicle (9Z). During E2 sowing

maximum root yield was shown by White Round (31%.88d minimum by



White Icicle (97.08) and during E3 maximum yieldsashown by White
Round(323.78) and minimum by White Icicle (103.44he pooled data
analysis showed maximum root yield by White Roud#i5(46) and minimum
by White Icicle (97.49).

4.2 Variability parameters
The character-wise estimates of mean and range itiErant

environments and for the pooled data analysisasgmted in the Table-5.



Table 5: Estimates of Mean and Range of Various Chacters in Radish (Raphanus sativusL.)

Character/Trait Mean Range

El E2 E3 Pooled| E1 E2 E3 Pooled
Days to maturity 41.43 | 37.46 |42.33|40.41 |32.33-49.43 | 27.50-45.30 | 32.43-48.54 | 30.83-48.54
Leaf number 11.48 | 13.50 | 12.55|12.37 | 6.46-16.70 8.43-19.70 6.96-18.50 7.63-18.30
Leaf weight (g) 68.20 | 74.64 |72.79|71.73 | 23.09-106.61 | 24.50-115.58 | 24.50-113.23 | 24.03-108.39
Root length (cm) 16.45 | 17.48 | 17.33 | 17.09 | 4.80-26.83 4.80-26.83 4.63-27.33 4.82-26.04
Root diameter (cm) |3.07 |3.21 [298 |3.09 |2.30-4.40 2.30-4.40 2.13-4.70 2.36-4.44
Root weight (g) 89.19 |92.18 [92.73 |91.37 | 40.98-138.06 | 44.09-142.12 | 46.55-145.42 | 43.89-141.87
Top to root ratio 0.84 |0.89 [086 [091 |0.39-1.55 0.43-1.62 0.33-1.51 0.39-1.83
Total dry matter 513 |560 |[564 |546 |3.56-6.46 4.40-6.96 3.96-6.93 4.03-6.72
Vitamin —-C 19.55 | 21.73 | 19.73 | 20.33 | 14.24-29.84 | 16.90-30.53 | 15.32-28.55 | 15.71-29.64
(mg/100g,)
(Totét;':il)l()soluble solid 398 419 (419 (415 |2.70-5.63 2.63-6.00 2.76-6.03 2.70-5.71
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Days to maturity showed slight variation fof thle three environments
and pooled data analysis. During E1 the days tmmixaranged from 32.33 to
49.43 with a mean of 41.43, in E2 it varies from5Drto 45.30 with a mean of
37.46 and in E3 the character had a range of 32.48.54 with a mean value
of 42.33. The pooled data analysis showed a Ib®0®83, a high of 48.54
with a mean of 40.41.

The number of leaves showed a wide variation. Intltle number of
leaves ranged from 6.46n to 16.70 with a mean vafugl.48, during E2 it
ranged from 8.43 to 19.70 with a mean of 13.50 duihg E3 the number of
leaves ranged from 6.96 to 18.50 with a mean 053.2. The pooled data
analysis showed a range of 7.63 to 18.30 with annvadue of 12.37. The leaf
weight showed only a slight variation for differegrivironments. During E1
the weight of leaves ranged from 23.09 to 106.6h @wimean of 68.20, during
E2 it ranged from 24.50 to 115.58 with a mean o644nd during E3 it ranged
from 24.50 to 113.23 with a mean of 72.79. Thel@daata analysis shows a
ranged of 24.03 to 108.39 with a mean of 71.73.

The root length showed a slight variation for thiéedent environments.
During E1 root length ranged from 4.80 to 26.83nwatmean of 16.45 during
E2 it ranged from 4.80 to 26.83 with a mean of &7aad during E3 it ranged

from 4.63 to 27.33 with a mean of 17.33. The poalata analysis showed a



ranged of 4.82 to 26.04 with a mean of 17.09.

The root diameter during E1 varied from 2.20 t434with a mean of
3.07, during E2 it showed a low of 2.30 and a logHd.40 with a mean of 3.21
and during E3 it ranged from 2.13 to 4.70 with aamgalue of 2.98. Analysis
of the data pooled over the environments showethged of 2.36 to 4.44 with
a mean value of 3.09.

Root weight during E1 ranged from 40.98 to 138:0th a mean value
of 89.19, during E2 it ranged from 46.55 to 145with a mean of 92.18 and
during E3, it varied from 44.09 to 142.12 with aameof 92.73. The analysis of
pooled data of three environments showed a low 283 and a high root
weight of 141.87 with a mean value of 91.37.

The shoot to root ratio showed a wide range @089 to 1.55 during E1
with a mean of 0.84. During E2 range varied frod80o 1.62 with a mean of
0.89 and during E3 range varied from 0.33 to 1.5%h & mean of 0.91. The
analysis of the pooled data showed a ranged of @3B83 with a mean of
0.91.

The total dry matter content showed a wide vamain the individual
environments. During E1 total dry matter conteariged from 3.56 to 6.46
with a mean of 5.13, during E2 the dry matter contanged from 4.40 to 6.96

with a mean of 5.60 and during E3 dry matter cantanged from 3.96 to 6.93



with a mean of 5.64. The pooled data showed agrahg.03 to 6.72 with
a mean of 5.46.

The vitamin-C content during E1 ranged from 14229.84 mg/100 g
with a mean value of 19.55 mg/100g, during E2 nigess from 16.90 to 30.53
with a mean of 21.73 and during E3 it ranged fradi832 to 28.55 mg/100 g
with a mean 19.73 mg/100g weight. The pooled datx the environments
showed a range of 15.71 to 29.64 mg/100g with anoé20.33.

The total soluble solid content ranged from 2@®.63%Brix in E1with
a mean of 3.9Brix, in E2 it ranged from 2.63 to 6.08rix with a mean of
4.19 °Brix and during E3 it ranged from 2.76 to 6’BAx with a mean of
4.19Brix. The pooled data showed a range of 2.70 Td ®Brix with a mean
of 4.15°Brix.
4.3 Analysis of Variance

The estimates of the phenotypic variation was leskto be higher than
the corresponding estimates of genotypic variancandividual (E1, E2, E3)
environments and for the pooled data (Table-6).

The estimates of phenotypic coefficient
of variation and genotypic coefficient of variatidor various characters are
presented in Table-7. The close correspondencevebat estimates of
phenotypic coefficient of variation and genotypmefficient of variation for

most of the characters during different environmeemngéveals significant



influence of environment. The highest estimate dferotypic and
genotypic coefficient of variation was revealed foot length during different
environments and in the pooled data analysis. [Dueest estimate was
recorded for days to maturity. The magnitude oémutypic and genotypic
coefficient of variation was low (<20.0 percent) fitays to maturity, total dry
matter content and vitamin-C, moderate (20.0-3@fcgnt) for leaf number,
leaf weight, root diameter, total soluble solidsené as it was high (>30.0
percent ) for root length, root weight and shoatowot ratio.
4.4 Heritability and Genetic gain

The heritability estimates (broad sense)

and expected genetic gain were calculated forhall characters in different
environments and the pooled data (Table-8). Theahdity estimates were
observed to be higher for all the traits duringfet#nt environments. The
highest estimate of heritability during E1 was releal for leaf weight (99.67%)
and lowest for root weight (93.36). During E2 theghest estimate of
heritability was recorded from shoot to root raf@®.73) and lowest for root
weight (92.84). During E3 the highest estimatéefitability was recorded for
shoot to root ratio (99.71) and lowest root weigfthe pooled data analysis
shows a highest heritability for days to maturi®§8.80) and lowest for leaf
number (82.20).

The genetic advance was estimated at 5



percent selection intensity and converted into exjpged genetic
gain (percent of mean). The estimates
revealed that the expected genetic gain
was high (>30%) for leaf number, leaf
weight, root length, root diameter, root
weight, shoot to root ratio and vitamin-
C and moderate (10.0-30.0 %) for days
to maturity and total dry matter during
E1l,E2, E3 environments and the

pooled analysis.



Table 6: Estimates of Phenotypic Variance and Geittypic Variance of Various Characters in Radish(Raphanus

sativusL.)

Character/Trait Phenotypic Variance Genotypic Variance

El E2 E3 Pooled El E2 E3 Pooled
Days to maturity 27.05 |24.85 28.96 24.42 26.72 24.82 28.82 23.91
Leaf number 7.99 10.74 9.79 9.84 7.12 10.26 9.39 8.08
Leaf weight (Q) 2.98.54391.88 |326.99 |326.99 295.84 388.36 393.50 315.68
Root length (cm) 50.16 | 54.71 53.85 53.85 49.67 57.58 54.24 52.63
Root diameter (cm) 0.50 0.43 0.50 0.43 0.49 0.42 0.49 0.41
Root weight (g) 812.09 | 821.367 | 840.11 | 827.712 | 758.202 | 762.61 781.46 784.920
Shoot to root ratio 0.1144 | 0.141 0.127 0.138 0.114 0.141 0.126 0.135
Total dry matter 0.55 0.60 0.66 0.55 0.53 0.58 0.64 0.49
Vitamin —C (mg/100g) 14.38 |14.47 |13.44 |13.37 13.98 14.25 12.25 12.54
Total soluble solidBrix) 0.75 1.04 0.87 0.77 0.73 1.03 0.86 0.72
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Table 7: Estimates of Phenotypic Coefficient of @ability and Genotypic Coefficient of Variability for Various
Characters in Radish Raphanus sativusL.)

Character/Trait Phenotypic Coefficient of Genotypic Coefficient of variability

variability

El E2 E3 Pooled El E2 E3 Pooled
Days to maturity 1255 |13.33 12.71 12.23 12.48 13.29 12.68 12.12
Leaf number 24.63 | 24.26 24.93 25.36 23.28 23.71 24.42 22.99
Leaf weight (Q) 25.33 | 26.52 27.34 25.21 25.22 26.40 27.25 24.77
Root length (cm) 43.04 |42.30 43.87 42.96 42.83 42.51 43.77 42.45
Root diameter (cm) 23.15 | 20.44 23.69 21.36 22.94 20.79 23.49 20.66
Root weight (g) 31.95 | 31.09 31.25 31.48 30.87 29.95 30.14 30.66
Shoot to root ratio 40.18 | 42.25 41.27 42.44 40.11 42.20 41.21 40.37
Total dry matter 14.45 |13.81 14.45 13.67 14.17 13.59 14.26 12.94
Vitamin —C (mg/100g) 19.39 |17.50 18.58 17.99 19.12 17.37 17.75 17.42
Total soluble solidoBrix) 21.80 |23.89 22.34 21.21 21.55 23.67 22.18 20.55
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Table 8: Estimates of Heritability (b.s) and Geneat Gain (%) of Various Characters in Radish Raphanus

sativusL.)
Character/Trait Heritability (b.s) Genetic Gain (%)
El E2 E3 Pooled El E2 E3 Pooled

Days to maturity 98.47 |99.47 99.53 98.30 25.46 27.31 26.06 24.77
Leaf number 95.77 | 95.54 95.96 82.20 44.93 47.75 49.28 42.92
Leaf weight (g) 99.67 |99.10 99.34 96.62 49.82 54.14 55.94 50.14
Root length (cm) 99.02 |99.14 99.55 97.71 87.80 86.38 89.97 86.48
Root diameter (cm) 98.20 |97.58 98.30 93.64 46.83 41.10 47.98 41.10
Root weight (g) 93.36 |92.84 93.01 94.83 62.03 59.45 61.05 61.50
Shoot to root ratio 99.65 |99.73 99.71 97.82 82.48 86.81 84.77 82.14
Total dry matter 96.12 | 96.76 97.37 89.09 28.62 27.54 28.99 25.27
Vitamin —C (mg/100g,) 97.22 |98.44 98.14 93.75 38.84 35.50 34.71 34.77
Total soluble solid°Brix) 97.74 ]98.20 98.62 93.86 43.90 48.33 45.39 40.96
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4.5 Estimation of phenotypic and genotypic

correlation coefficients

The correlation coefficients were estimated tla¢ phenotypic and
genotypic levels among various morphological, maturquality yield and
yield component traits in the individual environrteand from the data pooled
over the environments.

The genotypic correlation coefficients were by dadge higher in
magnitude, though similar in direction than thearresponding phenotypic
correlation coefficients. The genotypic (above gdiaal) and phenotypic
(below diagonal) correlation coefficients for theoted data are presented in
Table-9.

4.5.1 Days to maturity

The days to maturity exhibited significant positive correlation
(both phenotypic and genotypic) with leaf number ( rg=0.257),
leaf weight (rg=0.3652), root length ( rg=0.3504) and root weight
(rg=0.358) and negative significant correlation with root diameter
(rg= -0.2473) and total dry matter (rg= -0.2324). Similar results

were observed in the individual environments also.

4.5.2 Leaf number
The number of leaves exhibited significant positiv®rrelation

(Genotypic and Phenotypic) coefficients with daysmaturity ( rg= 0.2571),



Table-9: Genotypic (above diagonal) and Phenotypic (below diagonal) Correlation
Coefficients between Various Characters in Radish (Raphanus sativusL.) for
pooled data

Levels Daysto | Leaf Leaf Root Root dia- | Root Shootto | Total dry | Vitamin- | Total
maturity | number weight length meter weight root matter C (mg/ soluble
(9) (cm) (cm) (9) ratio (%) 1009) solids
(°Brix)
Days to maturity | 1.000 0.2571* 0.3652** | 0.3504** | -0.2473* | 0.3581** | 0.0842 0.2324* 0.0073 0.3101**
Leaf number 0.2558* | 1.000 0.3411** | 0.4516* | -0.3083** | 0.4242** | 0.2176 0.2354* 0.2152 0.3549**
Leaf weight 0.3638** | 0.3386** | 1.000 0.2775* 0.1592 0.2561 | 0.2639* | 0.2581* 0.0135 0.3708**
Root length
cotlength (M), 3aggw | 0.4492% | 0.2759* | 1.000 | -0.3659* | 0.2857* | -0.2495% | 0.2605% | 0.1250 | 0.2853*
Root diameter
(cm) -0.2458* | -0.3065** | 0.1575 -0.3601** | 1.000 0.3285** | -0.2396* | -0.2315 0.0144 -0.2519*
Root weight (g) | 0.3563** | 0.4218** | 0.2532* | 0.2826* 0.3264* | 1.000 -0.2321* | 0.2907* 0.2215 0.2881*
S*:_Oo“o root 0.0815 0.2159 0.2618* | -0.2468* | -0.2359* | -0.2301 | 1.000 -0.1809 0.0372 -0.3015*
ratio
-0.2308 | 0.2338* 0.2543* | 0.2589* -0.2294 0.2884* | -0.1801 | 1.000 0.2154 | 0.1358
Total dry matter
Vitamin —C 0.0065 0.2086 0.0128 0.1208 0.0138 0.2208 | 0.0365 0.2139 1.000 0.2158
(mg/100g,)
0.3095** | 0.3529** | 0.3683** | 0.2837* -0.2512* | 0.2859* | -0.3002* | 0.1342 0.2149 1.000
Total soluble
solid (°Brix)
rat 5% = 0.2319
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leaf weight (rg=0.3491) root length ( rg=0.4516), root weight
(rg=0.4242), dry matter content (rg=0.2354)and total soluble

solids ( rg= 0.3549) and negative significant correlation with root
diameter ( rg= -0.3083). Leaf number had a non significant

positive correlation ( rg=0.2152) with vitamin-C, shoot to root ratio
(rg=0.2176). Similar trends were observed in the correlation

coefficient of individual environments.
4.5.3 Leaf weight

The genotypic correlation coefficients exhibited byeaf weight with
other characters were higher in
magnitude than corresponding

phenotypic correlation coefficients,
though similar in direction. Leaf
weight exhibited highly significant
positive correlation with days to
maturity ( rg= 0.3652), leaf number
(rg=0.3411) and total soluble solids (
rg= 0.3708) and significant positive
correlation with root length ( rg=
0.2775), root weight ( rg= 0.256), total
dry matter ( rg= 0.2581) and shoot to

root ratio ( rg= 0.2639). With root



diameter and vitamin-C, leaf weight showed non-sigficant
positive correlation (rg = 0.159, rg =
0.135).
4.5.4 Root length
Root length showed a highly significant positive aoelation with days
to maturity ( rg= 0.3504) and leaf no. (
rg= 0.4516) a positive significant
correlation with leaf weight ( rg=
0.277), root wt. ( rg= 0.2857), total dry
matter (rg = 0.2605) and total soluble
solid (rg =0.2853). A negative
significant correlation coefficient of
root length with root diameter ( rg= -
0.3659) and shoot to root ratio ( rg= -
0.2495) was observed. Root length
showed a non-significant positive
correlation with vitamin-C ( rg=
0.1259). Similar trends were exhibited

by the correlation coefficients in the



individual environment.
4.5.5 Root diameter
Root diameter shows an over all significant negatevcorrelation
coefficient with days to maturity (rg =
-0.2473), leaf number (rg =-0.3083),
root length ( g = -0.3659), shoot to root
ratio ( rg =-0.2396), total dry matter (
rg = -0.2315) and total soluble solids (
rg=-0.2519) while as root weight
showed a positive significant
correlation coefficient (rg=0.3285). The
guality trait vitamin-C shows no
significant correlation with root
diameter.
4.5.6 Root weight
Root weight shows highly significant correlation cefficient with days
to maturity ( rg= 0.3581), leaf number (
rg= 0.4242), leaf weight (rg=0.2561),

root length ( rg= 0.2857), root diameter



(0.3285), total dry matter ( rg= 0.2907) and totasoluble solid (
rg=0.288). A significant negative
correlation of root weight and shoot to
root ratio ( rg=-0.232) was observed.
vitamin-C had non significant but
positive correlation ( rg= 0.22515) with
root weight. Similar trends were
exhibited by correlation coefficients of
individual environments.
4.5.7 Shoot to root ratio

Shoot to root ratio exhibited a positive significant correlation
with leaf
weight (rg = 0.2639) and a significant negative correlation with
root length ( rg = -0.249), root weight (rg= -0.2396) and total
soluble solids ( rg = -0.3015). A negative non-significant

correlation was exhibited with total dry matter ( rg = -0.1809).
4.5.8 Total dry matter

The total dry matter exhibited a significant negative
correlation with days to maturity ( rg = -0.2324) and positive
significant correlation with leaf number (rg = 0.2354), leaf weight (
rg = 0.2581), root length (rg = 0.2605), root weight (rg=0.2907).
A non-significant negative correlation is exhibited with shoot to
root ratio and a non-significant positive correlation with vitamin-C

and total soluble solids.
459 Vitamin-C

Being a quality trait, vitamin-C does not show any



significant correlation with any character.
4.5.10 Total soluble solids

Total soluble solid shows significant correlation with the
major yield contributing factors. It shows a positive significant
correlation with days to maturity ( rg = 0.3101), leaf number ( rg
= 0.3549), leaf weight ( rg = 0.3708), root length (rg = 0.285),
root weight ( rg = 0.2881) and a negative significant correlation
with root diameter ( rg=-0.2519) and shoot to root ratio ( rg= -
0.3015). It shows a non-significant positive correlation with
total dry matter
and vitamin-C.

4.6 Path coefficient analysis

Direct and indirect contribution of
seven different root yield contributing traits iading days to maturity, leaf
number, leaf weight, root length, root diametertaltadry matter and total
soluble solids were estimated through partitiontihgir genotypic correlation
coefficients by path coefficient analysis. Theutesare presented in Table-10
and depicted in Fig.1.

The days to maturity showed a significant posiagsociation with root
yield. The direct effect of days to maturity ororgyield was 0.2032 and was
supplemented through positive indirect effect \@aflnumber (0.0097), leaf
weight (0.0138), root length (0.0129), total sotubblids (0.0198) and negative
indirect effect via. root diameter (-0.0039) andatodry matter (-0.0230).
Similarly leaf number exhibited significant posdicorrelation with root yield
plant’. Its direct effect on root yield was 0.1905 andswsupplemented
through positive indirect effects via days to mayu0.0075), leaf weight
(0.0225), root length (0.1782), total dry matteO@b7) and total soluble solids

(0.0267) and negative indirect effects via roainaeter (-0.0228).



The association between leaf weight and root wedd significant
and positive and has a positive direct effect o2Q@5) on root yield. It is
supplemented through positive indirect effect \aggito maturity (0.0060), leaf
number (0.0156), root length (0.0127) and totaull@ solids (0.0155) and
negative indirect effect via root diameter0(0597 ) and total dry matter
(-0.0315).

The root length showed a significant positive elation with root yield.
It exhibited the maximum direct effect on root ¢iel0.6082) and is
supplemented through positive indirect effect \agsito maturity (0.0012), leaf
weight (0.0281), total dry matter (0.0068) and ltstauble solids (0.0055) and
negative indirect effect via leaf number (-0.0888) root diameter (-0.2833).

Similarly root diameter exhibited significant pibge¢ correlation with
root yield and exhibited positive direct effect (#2972). It is supplemented
through positive indirect effect via days to matur{0.0021), leaf weight
(0.1615), root length (0.2108) and total dry matf@r0296) and negative
indirect effect via leaf number (-0.1632) and taaluble solids (-0.2095), total
dry matter also exhibited a significant positiveretation with root yield and
has a positive direct effect (0.1061) and suppldatethrough positive indirect
effect via leaf number (0.0198), leaf weight ( GBg root length (0.1083) and

root diameter (0.0645). It has a negative rexti effect via days to maturity



(-0.0071) and total soluble solids (-0.0472).

Similarly total soluble solids which has a sigoéint positive correlation
with root yield, has a direct effect on root yi€@@1005) and positive indirect
effect via days to maturity (0.0082), leaf numkb@d061), leaf weight (0.0273),
root length (0.1816) and total dry mater.Q339 ). It exhibited a negative
indirect effect via root diameter (-0.1703).

The magnitude of residual effect was worked oubeécequal to 0.1539
indicating that characters included in path coeffit analysis appreciably
contributed towards root yield through their dirantl indirect effect.

An over all appraisal of path coefficient analysesealed that days to
maturity, leaf number, leaf weight, root lengthptraiameter, total dry matter
and total soluble solids had positive direct eeon root yield and the

correlation coefficient recorded on these charaatere also positive.



Table-10: Path Coefficient Analysis at Genotypav&l Showing Direct (diagonal) and Indirect (
off diagonal) Effects on Root Yield in Radish

Levels Days to Leaf Leaf weight | Root length | Root Total dry | Total Genotypic
maturity | number (9) (cm) diameter | matter Soluble | Correlation
(cm) (%) Solids Coefficient
(°Brix) | of Root yield
Days to maturity | 0.2032 0.0097 0.0318 0.1205 -0.0039 -0.0230 0.0198 | 0.3581**
Leaf number 0.0075 0.1905 0.0225 0.1782 -0.0228 0.0267 0.0216 | 0.4242**
Leaf weight (g) | 0.0060 0.1056 0.2075 0.0127 -0.0597 -0.0315 0.0155 | 0.2561*
Root length (cm) | 0.0012 -0.0808 0.0281 0.6082 -0.2833 0.0068 0.0055 | 0.2857**
Root diameter 0.0021 -0.1632 0.1615 0.2108 0.2972 0.0296 -0.2095 | 003285**
(cm)
Total dry matter | -0.0071 0.0198 0.0645 0.1083 0.0463 0.1061 -0.0472 | 0.2907
Total soluble 0.0082 0.1061 0.0273 0.1814 -0.1703 0.0349 0.1005 | 0.2881*
solid (Brix)
Residual effect = 0.1539
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Chapter -V

DISCUSSION

The success of any breeding programme depends eoprédsence of
sufficient genetic variability to pursuit effectiveelection. It is important to
assess the relative magnitude of variability ineortb use such information
together with other selection parameters for therawement of plant type
through adoption of effective breeding method ($oimet al., 1955, Hansoset
al., 1956). Genetic variability (GCV) helps to chooseaticular genotypes,
whereas heritability (h along with genetic advance (per cent of mear) ar
more useful in predicting the resultant effecteestion of best genotype. Root
yield being complex trait is dependent on the esgitn of many component
characters. To bring an overall improvement inldyiand its associated
characters, the knowledge of association of yidttl its component factors and
effect of component factors on total yield beconzegprerequisite. Hence
correlations and path coefficient analysis studsge important and have
practical significance in selection. In the prddaerestigation 23 genotypes of
Radish, both Asiatic as well as European types weeduated at 3 different
sowing dates and the result obtained were analiggeglch individual sowing

as well as for pooled data.



The analysis of variance revealed highly signiftcdifferences among the
genotypes for all the characters under study, Hyernedicating genotypic
differences among different genotypes. Analysisqafntitative characters
revealed presence of significant genetic variation all the characters.
Interaction resulting from the & E interaction was also significant for all the
traits. The Gx E interaction being significant shows different@haviour of
genotypes under different environments. Similarulteswere observed by
Prasad and Prasad (1977), Vikova (1971) in radidan performance of the
genotypes revealed that no single genotype wasrisuper all the traits.
Different genotypes were identified to be supefior different trait. The
genotypes French Breakfast, Scarlet Globe, Rapid Réite Tipped and
Scarlet Long for Days to maturity, Mino Early Longhite, SKAU-R-3,
SKAU-R-5, Hill Queen and Early White Milano for leaumber; Hill Queen,
SKAU-R-5, Japanese White, Mino Early Long WhitediRa Long White and
Early White Milano for leaf weight; Selection-9, W Round, SKAU-R-7,
SKAU-R-5, Radish Long White and Early White Milafar root length; White
Round, SKAU-R-2, SKAU-R-7, Selection-9, White Rounthpanese White,
Mino Early Long White, SKAU-R-5, Chinese Pink Kahmur No. 1 and
SKAU-R-7 for root weight; White Round, Selection®KAU-R-1, SKAU-R-

2, Chinese Pink, Kalyanpur No. 1 and Rapid Red &/fipped for shoot to



root ratio; French Breakfast, White Round, Japanatete, SKAU-R-5
Chinese Pink, 40 days and Scarlet Globe ftal tdry matter content;
SKAU-R-5, SKAU-R-4, Scarlet Globe, French BreakfaShinese Pink and
Kalyanpur No.1 for vitamin-C content; Pusa Himabapanese White, Mino
Early Long White, SKAU-R-5, Scarlet Globe and Eatite Milano for total
soluble solids; and White Round, Selection-9, SKRt-and Chinese Pink for
root yield (g/ha.).

Evaluation of the cultivars over the three randenaironments revealed
that early maturing genotypes were Scarlet GlolteRapid Red White Tipped;
maximum leaves plafit were observed in SKAU-R-3 and Hill Queen;
maximum leaf weight plaftin Hill Queen and SKAU-R-5; maximum root
length among round genotypes in White Round and $#A7 and among
long type genotypes in SKAU-R-5 and Selection-9ximam root diameter
was observed among round type genotypes in SKAUaRe/White Round and
among long genotypes in SKAU-R-5 and Selectionileted maximum root
diameter; and maximum root weight planih White Round , Chinese Pink and
Selection-9.

Among the quality traits maximum total dry matteasvobserved in
SKAU-R-5, Japanese White and French Breakfast; highest vitamin-C

content SKAU-R-5, Chinese Pink and Kalyanpur Noarfd maximum total



soluble solids in SKAU-R-5, Radish Long White aratllg White Milano.

Since genotypes identified for their better perfance and also found
superior for most of the traits could be involvadhe hybridization programme
for making selection of desired genotypes in thgresgating generations for the
yield contributing traits. Similar observations reeecorded by Yousuf and
Shafi (1969), Kulikova (1975) and Nieuwhof KraaB@b) in radish. Nijjaret
al. (1996) reported high variability for the ascorbicidacontent in radish
cultivars. Similarly genetic variability for diffent characters in turnip was
reported by Murraliet al. (1989) and in carrot by Natrajan and Arumugam
(1981) and Singlt al. (1987).

The range for days to maturity, leaf number, igaight, root weight and
vitamin-C was moderate to high which suggestedepres of large variations
for those characters. Coefficient of variationtfbphenotypic and genotypic)
was moderate to high for all the traits. HigheS\Pand GCV was observed
for average root length, average root weight aru t root ratio whereas
lowest PCV and GCV was observed for days to matanitd total dry matter
content. Similar findings were reported by Rangaswand Shanmugavelu
(1980), Brar and Sukhija (1980) and Nijgral. (1996) in radish.

Further persual of data revealed that there was l@sec



correspondence between values of PCV and GCV. RPCYeneral was
less than GCV indicating that most of the charactieere less affected by
environment and major portion of the variations waatributed by genotype,
thereby suggesting that selection for these chensetould be effective. Close
correspondence between PCV and GCV and minor mfii®f environment in
various root and
shoot characters has been reported by Yadav (1&&4)n carrot by Ahmed
and Tanki (1992).

The heritable variation can be found with greategree of accuracy
when heritability in conjunction with genetic adeanis studied. Johnsa al.
(1955a) have also suggested that high herital@btymates supplemented with
high genetic gain are more meaningful than hetitgbivalues alone.
Heritability is a measure of genetic relationshiptvieen parents and the
progeny and it is widely used for determining tlegiee to which a character
may be transmitted from parents to off springs.the present study, the
heritability in broad sense was high for all chéeex suggesting that selection
based on phenotype would be more effective ancetlseevery possibility to
transmit traits into the off spring. High heritéllyi observed for various
characters is probably due to presence of fixabldit@e gene effects and

addition x additive gene interactions which can be exploligdollowing



simple selection (Singh, B. D. 1994). Similar avaéions were recorded

by Singhet al., (1977), Prasad and Prasad (1978), Nigaal. (1996), Yadav
(1984), Ponnuswanat al. (1982) and Rangaswami and Shanmugavelu (1980)
Genetic advance denotes the improvement in the getiypic value of new

population when compared to original parent populaion. This genetic advance

as percentage of mean was highest for root lengti®q.48%) followed by top to root ratio
(82.14%) and root weight (61.50%) while it was foud moderate for other
characters. Johnsonret al. (1955b) advocated that expected genetic gain iseth
product of the selection differential measured in érms of phenotypic standard
deviation and genotypic coefficient of variability and the heritability. It was
therefore concluded that high to moderate geneticain expected for most of the
characters in the present study is attributed to hgh heritability coupled with high
to moderate GCV. High genetic gain for root and shat characters have also been
reported by Ahmed and Tanki, (1992) in turnip and Yadav, (1984); Ponnuswami
et al. (1982) in radish.

Yield being a complex trait is influenced by many ecmponent characters
each of which is under separate genetic control. oF simultaneous improvement
of desired characters the knowledge of associatioamong different genotypes
within a species is important. Linkage and pleiotrpy are the possible reasons for
correlation between two characters (Narayanan andi8gh, 2000 A.D.). Since the
correlation is the inter relationship of two variables and the genes effecting the

phenotypes of two variables may not be completelinked. Grafius (1964)



put it as “there is no way in which yield can be canged without changing
one or more components”. There can be no genes fgreld which by pass the
components. All changes in the components need nuo¢ expressed in changes in
yield but all change in yield must be accompaniedybchanges in one or more of
the components. Hence it is prerequisite to knowthe nature and magnitude of
association of yield with various characters. Unfeourable association between
the desired attributes under selection may resuih genetic slippage (Dickerson,
1955) and limit the genetic advance. Hence a knowlge of correlation between
such characters is essential for rational improvena of yield through selection
programme. Correlation studies give an idea abouthe positive and negative
associations of different characters with yield andalso among themselves.
However nature and extent of contribution by thesecharacters towards yield is
not obtained, which is given by path coefficient amlysis —a methodology
suggested by Dewey and Lu (1959) on the findings thfe Wright (1921), which
facilitates partitioning of correlation coefficient into direct and indirect effect of
the different characters on yield or any other chaacter and also helps in finding
out how these effects influence a particular charder to produce a given positive
or negative correlation. The information obtained telps in giving proper
weightage to the various characters during selectio or other breeding
programmes so that the improvement of desirable tid could be achieved
effectively.

In the present study, genotypic coefficient of ceelation in general was



higher in magnitude than the corresponding phenotym coefficient of
correlation, indicating that there is a inherent asociation among the various
characters.
Similar findings in radish were also reported by Hilenicz and Hortynski (1974),
Singhet al. (1977) and Khanet al. (1983).
Root weight exhibited positive and significant caelations with days to maturity,
leaf number. Thumburaj (1973) also found a signifiant correlation of root
weight and foliage weight in radish. There was a gsitive and significant
correlation of root weight with root length, root diameter, total dry matter
content and total soluble solids while it showed wgative but significant
correlation with shoot to root ratio. A study of ause and effect relationship
showed that these characters had the maximum directpositive effect on root
weight and their indirect effects on root yield viaother characters were also
positive. A strong positive association of yield wh foliage weight, root length and
root weight in radish and carrot has been reportedoy Khan et al. (1983) and
Singh et al. (1987) respectively. A significant positive correaition of root weight
with root length, number of leaves and leaf weightn radish was reported by
Danu and Lal (1998). Vitamin-C content being nonignificant but have positive
correlation with root weight. Hence it was suggestethat selection criteria based
on leaf number, leaf weight, root length and root émeter could be more
effective in maximizing the root yield. Days to mtrity showed significant

positive correlation with leaf number, leaf weight,root length, root weight and



significant negative correlation was observed withoot diameter. While the
path analysis shoed that days to maturity had theidect positive effect on root
weight as well as positive indirect effect via leahumber, leaf weight and root
length and negative indirect effect via root diamedr, which had a negative
correlation with it. Leaf number showed significart positive correlation with
major yield contributing characters except root dianeter. Leaf weight was
positively and significantly correlated with days b maturity, leaf number, root
length, root weight and total soluble solids, whilat showed positive direct and
indirect effects on root yield. Root length was pstively and significantly
correlated with days to maturity, leaf number, leafweight and root weight and
negatively but significantly correlated with root dameter and shoot to root ratio.
It had the maximum direct effect on root yield and had both positive and
negative indirect effects on root yield. Root diamter showed positive and
significant correlation with days to maturity, leaf number, root length and shoot
to root ratio, while it showed a positive direct efect on root weight and indirect
positive effect via root length, shoot to root ratb and negative indirect effect via
leaf number.
Shoot to root ratio showed positive and significancorrelation with leaf weight,
total dry matter content and negative significant orrelation with root length,
root diameter and root weight. Similarly a significant positive correlation of root
yield with root diameter and root dry weight in radish has been reported by

Murrali et al. (1998).



The quality traits namely total dry matter, vitamin-C and total soluble

solids generally showed a positive significant coefation among themselves suggesting that
selection for any one quality trait shall simultaneusly take care of the other
guality traits. The path analysis showed that tothdry matter and total soluble
solids both exhibit a positive direct effect on robweight and both positive and
negative indirect effects on root weight. The qudl traits in general exhibit a
positive correlation with the quantitative root and shoot characters indicating
that selection for improvement of quality charactes would almost certainty lead
to an increase in root yield and yield associateddits and vice versa. Similar
observation were recorded by Muthukrishnan and Arunugam (1977), Sharmaet
al. (1983) in radish and Bhagchandani and Chaudhary (18D) in carrot.

A comparison of correlation values and positivelirect effect values for the characters
clearly showed that the association between the ala&ters was mainly due to
direct effect and also due to positive indirect eéct of the trait on root yield. The
character which exhibited positive direct effect shuld be preferred while making
selection for the purpose of improvement of yield @d more preference should be
given to the characters with greater magnitude of gsitive direct effect then those
with smaller magnitude.

In the present studies, the value of residual efté obtained was less i.e. 0.1539
which indicates that the characters chosen for premt study are the main
component for yield and that the variabity in vyield is accounted by the

characters chosen for present study to a considerbbextent.



From the correlation and path coefficient studiedgt can be concluded that
the characters such as days to maturity, leaf nundy, leaf weight, root length
and root diameter which exhibited significant positve correlations and also most
of them had either direct or indirect effect on yiédd proved as important
components contributing to root yield and the selgémn primarily based on these

characters may result in development of high yieldig genotype in radish.

Chapter -V

SUMMARY AND CONCLUSION
The present investigation on Variability and Ctatien studies in 23
diverse genotypes of RadisRaphanus sativus L.) for ten characters were
carried out according to RBD with three replicaiat the experimental fields
of Division of Olericulture, S. K. University of gkicultural Sciences and
Technology of Kashmir, Shalimar Srinagar during Wear 2002 at three
different dates viz., 22.3.2002, 24.5.2002 and .29@&. The objectives of the
present investigation were to study the genotypid phenotypic variability,
heritability, expected genetic advance and theetations between important

yield contributing characters.



Analysis of variance revealed highly significargtriations for all
the traits under study, indicating existence of jiendifferences among the
genotypes in both individual and pooled analysisie overall persual of data
revealed that no single genotype was superiorlfdéh@ characters under study.
For different characters different genotypes haeenbfound superior. The
genotypes White Round, SKAU-R-5, Chinese Pink wienend superior for
Root characters while as for shoot characters ¢énetype White Icicle and Hill
Queen were found superior. Range in general waterate to high for all the
characters in both individual and pooled analysiggesting presence of large
variation in the population. The phenotypic cagéfnt of variation for all the
characters was higher than the genotypic coefficanvariation with close
relationship between PCV and GCV in both individ@s well as pooled
analysis. High PCV and GCV was observed in bothvidual and pooled
analysis for root length, root weight and shootdot ratio while as lowest
PCV and GCV was observed for days to maturity,l tdtg matter and vit-C
content in individual as well as pooled data analysnvironmental coefficient
of Variability (ECV) for all the characters was ¢ethan the GCV.

Heritability in broad sense was high for all thkamacters in both
individual and pooled analysis. Highest geneticngaias observed for root

length followed by shoot to root ratio, root weigind leaf weight while as



lowest genetic gain was observed for days to nigtard total dry matter.

Correlation studies indicated highly significardspive correlation of
root weight with days to maturity, leaf number fleeight, root length and root
diameter while as negative significant correlatisas observed for shoot to
root ratio. The quality traits viz. total dry mattand T. S. S. showed a
significant positive correlation with root weigl8ignificant positive correlation
existed between days to maturity and leaf weigbt length and T. S. S., leaf
number, leaf weight, root length and T. S. S; leafght and root length; root
length and total dry matter.

Negative significant correlation was observetiieen root weight and
shoot to root ratio; days to maturity and root deéden; leaf number and root
diameter. This type of negative correlation indécathat these characters are a
negative to each other and hence does not go &gettselection programme.
The path coefficient analysis at genotypic levalvgbd that root length has the
maximum direct effect on root weight followed byaleweight and root
diameter. In addition to direct effects these cbimms also exert indirect
positive effect via various characters towards thet yield. Thus these
characters prove an important components of roaghweand the selection
bases on these characters will have direct infleencyield and shall result in

the development of superior high yielding genotyplesadish.



Conclusion

From the present study it was concluded that tiveeee significant
differences among genotypes for various charaaterboth individual and
pooled analysis. No single genotype was found rsupdor all the traits.
However for root and shoot characters the genotygeite Round, SKAU-R-5,
Chinese Pink, White Icicle and Hill Queen have biemd superior. The &
interaction being significant in all cases reveali@dt genotypes behave
differently in different environments. Such cadasing complex require
conduct of independent experiments for each lopatm® all genotypes are to
be tested over a large number of years to study thehavior. Range,
coefficient of variation and heritability being nerdte to high in most of the
characters indicated large heritable variationditea to moderate to high
expected genetic gain. Further there was a strasgiye association of root
weight with days to maturity, leaf number, leaf gigi root length and root
diameter suggesting that selection based on tiha$e would be more effective
for improving root yield. The characters like rdength, leaf weight and root
diameter which showed significantly positive coateln and also had
maximum direct effect on root yield, the selectlmased on the characters will
have direct influence on yield and shall resultt@velopment of superior high

yielding genotypes of radish.
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ANNEXURE —I

Analysis of Variance for Various Characters of Radsh (Raphanus sativus L.) for Different Sowing Dates and Pooled Data
Mean Squares

Source of Degrees Days to maturity Leaf number
variation of E1l E2 E3 Pooled E1l E2 E3 Pooled
Freedom
- - - 461.84 - - - 74.2324

Environments | 2

. . * * *
Repllcatlon 2 2.3766 1.0543 0.8039 2.7187 10.5931 2.0804 4.8991 25.1787

S 4 - - - 0.2734 - - - 3.5932
Replicationsx
Environments 22 80.5733** | 74.8623** | 86.8933** | 220.7214** | 22.2284** | 32.2302 29.3829 | 77.4021**
Treatments 44 - - - 4.6835** - - - 4.6007**
Environments
Treatments 44 0.4133 0.3983 0.4123 - 0.8684 1.4358 1.1883 -
Error 132 - - - 0.4066 - - - 1.7531
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Sogrqe of Degrees Leaf weight (g) Root length (cm)
variation of = E2 E3 Pooled E1l E2 E3 Pooled
Freedom
- - - 871.6875 - - - 21.4687
Environments 2
Replications 2 46.8636* 41.4974 42.4472* 46.3125 11.9454* 0.8763 4.2610* 12.4414
Replicationsx 4 - - - 11.4375 - - - 2.3193
Environments
Treatments 22 890.1056** | 1175.6461** | 1188.3569* | 2950.3239** | 150.4916** | 173.5336* | 164.1400** | 478.6428**
EnVIronmentg 44 - - - 108.3304** - - - 4.7612**
Treatments
Error 44 2.7056 10.5546 10.5546 - 1.4681 1.4130 0.7755 -
132 - - - 7.8426 - - - 1.2187
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Source of Degrees Root Diameter (cm) Shoot to root ratio
variation of E1l E2 E3 Pooled E1l E2 E3 Pooled
Freedom
- - - 0.9714 - - - 123.4423
Environments 2
Replications | 2 0.042 0.053 0.0531 0.0685 0.054 0.0002 0.0004* 0.0259
Replicationsx | 4 - - - 0.0343 - - - 0.0229
Environments
Treatments | 22 1.5157* | 1.3005** 1.5015* 3.8868** 0.345%* 0.4244* | 0.3829** | 6.3274*
Environments | 44 - - - 0.2154** - - - 4.7078**
Treatments
Error 44 0.0273 0.0314 0.0254 - 0.0036 0.0011 0.0011 -
132 - - - 0.02808 - - - 0.0101
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Source of Degree Root weight (g) Total dry matter (%)
variation of E1l E2 E3 Pooled E1l E2 E3 Pooled
Freedom
- - - 250.5625 - - - 5.4606
Environments 2
Replications | 2 34.4207 0.7820 27.085* 44.5000 0.0535 0.0590 0.1085* 0.0856
Replicationsx | 4 - - - 9.000 - - - 0.0684
Environments
Treatments 22 2328.4967** | 2346.602** | 2403.0302** | 7168.9055** | 1.6547** 1.8003** 1.9943** 4.8116**
Environments | 44 - - - 104.6182** | - - - 0.3189**
Treatments
Error 44 53.8890 58.750 58.6502 - 0.0642 0.0583 0.0523 -
132 - - - 23.7565 - - - 0.0582
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Source of Degrees Vitamin-C (mg/1009) Total Soluble Solids {Brix)
variation of =l E2 E3 Pooled E1l E2 E3 Pooled
Freedom
- - - 101.3476 - - - 1.6488
Environments 2
Replications | 2 1.1243 2.5848* 0.1220 1.6601 0.0771 0.0552 0.0330 0.0875
Replicationsx | 4 - - - 1.0917 - - - 0.0389
Environments
Treatments 22 43.1450** | 43.4365** 33.4371** 115.3093** | 2.2654** | 3.1471** 2.6364** 7.0587**
Environments | 44 - - - 2.3555** - - - 0.4951**
Treatments
Error 44 1.1977 0.6762 0.6483 - 0.0511 0.0565 0.0363 -
132 - - - 0.8409 - - - 0.0480
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