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Chapter-1
INTRODUCTION

Radish Raphanus sativus L.) is a diploid plant (2n=2x=18) belongs to family

Brassicaceae or Cruciferae originated from the Central and Western China kmlia. It is
one of the most ancient vegetables. It was cuitvatbout 2700 B.C. Radish is a major root
vegetable grown worldwide in both tropical and temspe regions of the world. It is an
ancient domesticated vegetable, originally growgina and Korea (Kaneko & Matsuzawa,
1993). It is grown for its young fleshy tuberoustoand hypocotyls, consumed mainly as a
salted vegetable, eaten as grated radish, garnglsalad. Radish roots have many shapes
ranging from round to oval, icicle, half long arah¢ (conical, cylindrical or spindle shape
with blunt or semi-blunt end). They also vary imte of size, time of root formation, length
of time they remain suitable for making salad. $kim colour of radish may vary from white
to pink, red, black and various other shades. EBssttie roots and green leaves, the pods
called asMoongra is usually eaten raw and cooked as a vegetable.

Radish forms an important dietary component in tiagay human food. Radish is
low in calories and good source of vitamin C, pirgtéat, minerals, fiber and carbohydrates
(Singh and Nath, 2012). Radish leaves are moratious than their roots. Pink skinned
varieties of radish in comparison to white skinnvedieties generally contain high ascorbic
acid. The pink colour of radish roots is due to pinesence of anthocyanin pigment. The high
nutritional value of radish is considered quitefukstor patients with piles, hepatic disorders,
increased spleen and jaundice (Brar and Nandp8ri2)L Black radish juice contains tonic
and has laxative action on intestine and indirestilpulates the flow of bile.

The characteristic pungent flavor and taste ofstadoots is due to the high volatile
isothiocyanate alkaloid content (trans-4methyl Ibhiignyl isothiocyanate), which is more
synthesized at high temperatures. Radish's blackd@olor is due to anthocyanins, the most
versatile polyphenols. They possess neutraceutamdbring and anti-oxidant properties
(Horbowiczet al., 2008, Jinget al., 2014).

Radish is mainly a cool season vegetable crop sudivided into two groups: Asian
or tropical and European or temperate. Asian typas tolerate high temperatures in
comparison to temperate types. Asian types are $mamAugust-January in the low hills of
Himachal Pradesh and North Indian plains. The Asrae yields roots and seeds under both

tropical and temperate climates. In India radislynswn over an area of 2,02,000 hectare



with an annual production of 31,45,000 MT (Anonyrepo@019). The major states where
radish is grown on a large scale are West BenghbrBUttar Pradesh, Karnataka, Punjab,
Maharashtra and Assam. In Himachal Pradesh, raslighown in an area of 1,950 hectare
with a production of 39,760 MT (Anonymous, 2018).

Four species of Alternariaiz. A. raphanin, A. brassiciciola, A. brassicae and
A. alternata have been reported to be associated with radmgt fcom different parts of the
world (Rashid and Hossain, 2011). This pathogeachst all the above ground parts of the
plant producing severe spotting and blighting avés, shoots and pods. Islatral. (2007)
described that infection oAlternaria brassicae was optimum at 25/C on older leaves.
Ghimimire et al. (2016) reported that the severe infection of rlégia was associated with
low temperature with high relative humidity (moteabh 90%) with an average rainfall of
0.3mm. The chemical control is very costly and fieetive. Therefore, identification of some
genotypes which are resistant to this disease @in to develop some new improved

Alternaria resistant varieties in radish.

The genetic improvement of the crop depends omatheunt of genetic variability
present in the population and the germplasm seases valuable source of base population
and provides the possibility for wide variabilitydvilov, 1951). The role of genetic variation
in a crop is of paramount importance in selectimg best genotypes for rapidly improving
yield and desirable horticultural characteristias, well as in selecting the most suitable
parents for further breeding programme. Geneti@bdity study helps in understanding the
nature of variation in different horticultural trai both quantitative and qualitative
respectively. Variations may be caused by envirortaldactors, genetic factors, mutations
or by attacks by any biological agents. Geneti¢catian is important in a given germplasm
and is a fundamental necessity for crop improvemastit provides more opportunities for
selection to implement an efficient and productiweeding programme. It is therefore
essential to know the amount of genetic variabdwyilable and the efficacy of the selection
depends on the magnitude of genetic variabilityspné in the given set of germplasm
collected from indigenous and exotic sources. furthe extent of heritability helps the
breeder to identify the traits which can be easiyected. Genetic advance explains the
degree of gain obtained in a given character uadegrticular selection pressure. Estimates
of heritability with genetic advance are more fgliiaand meaningful. The correlation studies

help the breeder to know about the type of assoniditetween the various traits in a given



set of germplasm. The path coefficient analysip$ie¢b work out the direct and indirect

effect of the various horticultural traits on thepéndent character like yield.

Therefore, there is a necessity to conduct gersttidies for the computation of
various genetic parameters and characterizatiothefsuperior genotypes of radish for
different horticultural traits including yield ardisease resistance to Alternaria blight under
low hill conditions of Himachal Pradesh. Hence, tpeesent investigation entitled
“Assessment of genetic variability, correlation andpath analysis studies in radish
(Raphanus sativus L.)” was carried out at experimental farm of Departnantegetable
Science, College of Horticulture and Forestry, N&aimirpur with the following objectives:

1. To study the performance and extent of geneti@bility in the radish genotypes.
To estimate heritability and genetic advance.

3. To study the character association and pathysisafor different traits in various
radish genotypes.

4. To identify the best genotype with desirableticattural traits.



Chapter-2

REVIEW OF LITERATURE

The review of literature pertaining to the presinestigation with title*Assessment
of genetic variability, Correlation and path analyss studies in Radish Raphanus

sativus L.)” under appropriate heading is as follows:

i. Genetic variability
ii. Heritability and Genetic Advance
iii.  Correlation

iv. Path analysis

i.) Genetic variability

Genetic variability is the basis of all plant impement programs, and if present, it
can be exploited for the development of superioreti@s of crops. Vavilov (1951) first
realized that a wider range of variation in anypcprovides better opportunities to pick
desirable types. The various parameters like raangk coefficients of variation are the
measures of variability. The higher values of GE@Vcomparison to PCV indicate that
there is little influence of environment on the mgsion of character and selection is
effective for such traits. However, higher valué$ GV reflect the role of environment in
controlling a particular trait.

Nijjar et al. (1996) evaluated 30 radish cultivars for geneéidation in terms of
ascorbic acid and isothiocyanate content. The esudndicated highly significant
variations for both the characters among diffegarotypes. The high amount of ascorbic
acid was found in radish cultivargz. Punjab Safed (349.10 pg/100g), Pusa Chetki
(332.80 pg/100g), Pusa Himani (400.70 pg/100g)Seidction 4 (345.10 pug/100g).

Anjanappeet al. (1998) studied 5 radish cultivars and found that plant height
was greatest for the cultivars Local (51.84 cm) Anda Nishant (50.80 cm). While it was
least for Pusa Chetki (39.19 cm). Root shape asied from tapering (Local) to conical
(Arka Nishant); however, most of the varieties weyéndrical. Flesh colour of Chinese
Pink was pink whereas that of Arka Nishant was &Hhilthe highest root to leaf ratio was

found in the cultivar Arka Nishant and the lowestswobserved in cultivar Chinese Pink.



In an investigation carried out at Assam by Laagéhand Baruah (2000) in nine
radish cultivars it was found that the cultivar Boagy Red (339.7 g/ha) recorded the
highest root yield. The duration of crop maturitiasvlongest for the cultivar Japanese
White (54.3 days) and shortest for the Crimson émeBreakfast (28.3 days). However,
the highest root width was recorded in Pusa Ch@tld5 cm) and lowest root width in
Long White Icicle (3.23 cm).

Badigeret al. (2001) studied yield and quality characters idigla cv. KSSC-01,
KSSC-02 and KSSC-03 under Bangalore, Karnatakaiwonsl They found the highest
number of leaves (11.94), root weight (161.67 gt iyield (69.40 t/ha) and root length
(15.12 cm) in KSSC-03 while lowest root cracking.@ %) incidence was observed in
KSSC-01.

The study on the performance of seven cultivansadish by Ahmadkt al. (2003)
suggested that the significant variation was foumdifferent traits while the differences

in root diameter were non-significant.

Singh et al. (2005) conducted study on the genetic variabiatyd character
association in 21diverse genotypes of radish utetaperate conditions of Kashmir and
recorded high value of GCV and PCV for root yiedadlerage root weight, average leaf

weight, root length and root diameter.

The research findings of Singh and Taj (2005) an gerformance of 20 radish
cultivars under rainfed conditions of Nagaland ssjgd significant variations for all the

growth and yield parameters due to variations fauardifferent cultivars.

Obiadallaet al. (2006) evaluated 15 radish cultivars for varioustiboltural
characters including yield. The observations wexrded for character number of root
leaves, whole plant flesh weight, root/whole plpetcentage, net root weight and total
plant weight. Cultivar New White Chinese had thghieist root weight (129.9q), leaf
(216.49g) and whole plant fresh weight (391.29). #hcicle recorded the highest value
(80.12%) for root/whole plant percentage; whilein@on Giant had the lowest value for
root/whole plant percentage (24.52%).

Mukhdoomiet al. (2007) estimated parameters for genetic varighiti twenty-
three cultivars of radish and revealed highly digant variances among genotypes for all

the horticultural traits and found that both phepat and genotypic coefficient of
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variability were high for all the characters excéptdays to maturity, dry matter content

and ascorbic acid content of roots.

In a study conducted by Mapagi al. (2009) on genetic variability among 24
genotypes of radish for different traits the highgsnotypic coefficient of variation as

well as phenotypic coefficient of variation wereseded in fresh weight of leaves.

Khanet al. (2011) assessed 20 genotypes of radish to shedgenetic variability,
heritability and genetic advance in radish and regbthat both genotypic as well as
phenotypic coefficient of variation were high farmber of leaves, leaf weight, total plant

weight, root yield/plant, acidity and ascorbic acid

Ullah et al. (2010) conducted an experiment on genetic vartghil 21 varieties
of radish and reported that root length, leaf laraytd root yield showed high genotypic
coefficients of variation and heritability. Howeyéhe highest value of genetic advance

was observed in the horticultural trait root yield.

Jatoiet al. (2011) evaluated 49 local and exotic radish ggrexyincluding two
check cultivars. The genetic variation was appafentost of the characters like plant
biomass, root weight, leaf length, root length aodt diameter. While higher variation

was observed in root shape, root length, root ¢olftesh texture and root type.

Kumaret al. (2012) studied the variability and divergenceHorticultural traits in

35 genotypes of temperate radish during the mamiti&ptember—January in 2009-2010
and reported that CGN-17290 had 51% more yield ¢hrercheck ‘White Icicle’ and
performed better for plant emergence (19.28 %)s daynarketable maturity (26.00 days),
leaf length (24.05 cm), leaf width (11.09), rogp/t@tio (4.03), root length (22.73 cm), dry
matter (5.50 %), average root weight (36.09), ahdrfcontent (0.12 %). The genotypes
CGN-23811, CGN-11997, and CGN-11994 performed bedttan the check for total
soluble solids, ascorbic acid, and total sugar. M high coefficients of variability
(phenotypic and genotypic) were found for root ngverage root weight, total soluble
solids, root/top ratio, fiber content, and total aygndicating close association between
phenotype and genotypes.

In an investigation conducted by Sivathagtual. (2014) to check the seasonal
effect on variability and trait relationship in isld on 10 genotypes for 14 characters

during the rabi, summer and kharif seasons th@wanparameters like mean performance,
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variability and character association were workatl ®hey found that various traits like
number of leaves, root diameter, fresh weight ef ptant, dry weight of the plant and

fresh weight of root per plant had high geneticafality.

Mallikarjunaraoet al. (2015) evaluated twenty-four genotypes of radishingu
Rabi season 2011-12 at the Research Farm Divisioviegetable Science SKUAST-
Kashmir and reported that the genotypic as welplnotypic coefficients of variation
were high for number of leaves, leaf weight, tqilnt weight, root yield/plant, acidity,

and ascorbic acid.

Nagaret al. (2016) conducted a study on genetic variabilityemperate radish at
Garhwal Hills with 21 genotypes of radish duringbRaeason of 2014-15 for different
horticultural traits. They recorded moderate phgpict and genotypic coefficients of
variation for the traitsiz. root weight without leaves, leaf weight, root gl#i with leaves,

root diameter and root length.

A study was carried out by Dongarwetral. (2017) on 7 varieties of radish i.e.
Pusa Desi, Pusa Chetki, Pusa Reshmi, Pusa Hinegpandse White, Arka Nishant and
IHR-1-1. They found that maximum plant height (ZB&n) and chlorophyll content of
leaves (3.10 mg/g) were there in cultivar Arka Mish Total fresh weight of plant
(190.06 g to 226.60 g) were again observed maxinmuwariety Arka Nishant; while,
minimum values of these traits were reported inetarPusa Desi. The fresh weight of
root ranged from 122.76 g to 161.74 g. The maxinmoot to shoot ratio (1.37) was
observed in variety Arka Nishant. The maximum vabfigoot diameter (3.69 cm) was
found in variety Arka Nishant. The maximum rootIgti@er plot (32.34 kg pld) and
hectaré (53.91 t h#) was observed in variety Arka Nishant. The maximomoisture
content of root (97.75%) was recorded in Arka Nighaariety. The maximum ascorbic
acid content (18.36 mg 100'gand TSS (4.00 °B) was recorded in the varietyaArk
Nishant.

Roopaet al. (2018) evaluated 35 genotypes of radish for differeorticultural
characters and reported the highest genotypic fomesft of variation as well as
phenotypic co-efficient of variation for the chaexcroot to leaf ratio among various yield
attributing traits and calcium content among vasitwochemical parameters. Almost all
the traits exhibited high heritability ranging frof3.85-99.96%.



An experiment was conducted by Singhal. (2019) during Rabi season of 2014-
15 on nine genotypes of radish and reported thatnmoim leaf weight was observed in
Hong Kong-11 (10.4 g) and maximum in the genotypsaPHimani (17.56 g). The
maximum leaf length was recorded in the cultivas@Reshmi (18.80 cm) and minimum
in Suneha (11.63 cm). However, the maximum roagtlenvas recorded in genotype Pusa
Himani (24.40 cm) and minimum was in Suneha (1@). The maximum root thickness
was recorded in Pusa Himani (5.26 cm) and minimmmShow White (3.40 cm).
Maximum fresh root weight was recorded in Pusa Hin(&@5.53 g) and minimum in
Suneha (63.80 g). Whereas, the maximum yield wasrded in Pusa Himani (34.14 t/ha)
followed by Pusa Reshmi (32.65 t/ha) and JapandseeWB2.28 t/ha) while minimum in
Suneha (26.27 t/ha).

Sembeet al. (2019) carried a study on the performance of gher@nt varieties of
radish under foot hill region of Dehradun and réegédhat maximum plant height (60.53
cm), leaf length (32.55 cm), fresh weight of leay8%.61 g), fresh weight per plant
(242.25 g) and total dry weight content (21.05 gyavobserved in Menu Early, while the
maximum length of roots (34.63 cm), fresh weightaadt (160.16 g), total yield of radish
root (46.91 t/ha) and the dry weight of radish r¢b®.96 g) were found in genotype
Korean Cross. The maximum width of root (4.44 cnaswecorded in the cultivar Scarlet
Red Globe. Among all genotypes for different trastsed germination (65.47 %), yield of
leaves (25.13 t/ha), total yield (69.47 t/ha) amgwleight of leaves (10.17 g) were found
maximum in the cultivar Snow White, while maximumnmber of leaves per plant (18.55)

was observed in Local Check.
i.) Heritability and Genetic Advance

Heritability is the ratio of genotypic variance tmtal variance to the phenotypic
variance. According to Fisher (1918), the heritabid non-heritable components form the
continuous variability displayed by a quantitatirdividual. Heritable component is there
due to the effect of genotype, whereas non-heatatbmponents are caused by
environmental factors. Wright (1921) stated thatithbility component comprised of
additive and non-additive portion and it was thexfer which responds to the selection.
While, under selection, improvement in the meanotygic value of selected plants over
the parental population is known as genetic gaiengic advancement success under

selection depends on three main factors (Allar@0)9genetic variability, heritability and



intensity of selection. Genetic advance estimatdsraunderstanding the kind of gene
action involved in the expression of various polyigecharacters. High genetic benefit
values are indicative of the effect of additive dma values are indicative of non-additive

gene action.

It is not appropriate that a character showindn igritability will also exhibit high
genetic advance (Johnsenal. 1955). High heritability along with high genetidvance
indicates that the heritability might be due toifidd gene effects (Panse, 1957) whereas,
the high heritability linked with low genetic adv@might be due to non-additive gene
action which includes dominance and epistasis @.@amd Walter, 1969). Low heritability
along with high genetic advance reveals that therastier is governed by additive gene

effects. The low heritability is being showed daéiigh environmental effect.

Iwata et al. (2000) studied Japanese radish varieties and fthetdthe root size
showed high broad sense heritability but low narreanse heritability and over
dominance. The alleles constructing larger rooessizvere mostly dominant. Thus,

symmetrical and asymmetrical variations exhibitgkoent mode of inheritance.

Sirohi and Narayanan (2000) estimated genetic yasalof yield and its
components in radish and found that additive corepbrof variance was greater than
dominance component of variance for most of thigstrahey also reported the presence
of additive gene actions for five characteis root weight, shoot weight, leaf length, leaf
width and yield per plant which create the posgibilo utilize these traits by selection

methods in later generations of the hybrid progeny.

A study was conducted by Singhal. (2005) on genetic variability and characters
association in 21diverse genotypes of radish uteteperate conditions of Kashmir. They
reported the high level of heritability coupled lwhigh genetic gain in root yield followed
by average root weight, average leaf weight, toot ratio, root length, root diameter,
number of leaves per plant and leaf length whidtlicetes that these characters had

additive gene effect and therefore these are natigbte for effective selection.

Kobayashiet al. (2007) conducted a trial on diallel analysis adlish to estimate
genetic parameters in 13 floral traits and repotieshd sense heritability in 12 traits

which ranged from 93-99 % and suggested that tleacter floral morphology was



highly heritable. But narrow sense heritability gad from 34.00-89.00 per cent in the

various characters studied.

Mapari et al. (2009) evaluated genetic variability in 24 gempety of radish and
reported higher heritability for all the charact€8d.42-99.58 %). While, highest genetic
advance was found in case of root diameter. Howekervalue of genetic advance ranged
from 3.04 % - 91.12% for all the characters.

An investigation was conducted by Mukhdoostial. (2010) on twenty-three
genotypes of radish and found that the broad séesiability was high for all the
characters while genetic gain was maximum for Heagth followed by root to shoot

ratio.

Ullah et al. (2010) studied genetic variability in twenty-onarieties of radish and
reported high heritability for characters viz. rdength, leaf length, and root yield.

However, the highest genetic advance was obsenvexbt yield.

An experiment was conducted by Naseeruddtlial. (2011) on twenty genotypes
of radish and reported high heritability in broahse for leaf weight, number of leaves,
total plant weight, root weight, total soluble solnd ascorbic acid. Whereas, genetic
advance in per cent of mean was maximum for roeldyper plant followed by leaf

weight.

Tanakaet al. (2011) conducted a diallel analysis involving retb lines of the
Japanese radish ‘Sakurajima daikon’ and found ttiatroot weight showed high broad-
sense heritability. However, hollow root occurreneepressed by hollow area ratio

exhibited a low broad-sense and narrow-sense h#itiga

Tanakaet al. (2012) studied diallel analysis of root shapeapanese radish and
reported that the root length exhibited high breahse heritability. However, root
diameter showed low narrow sense heritability. Tregorted that the dominant genes for
the root length, root diameter, ratio of root didend¢o root length and degree of root top
width and root bottom roundness had effects to gdte the root length, enlarge root
diameter, increase the ratio of the root diametepot length and increase tapering of the

root bottom respectively.
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Kumaret al. (2012) conducted study on 35 temperate genotypeadish during
the months of September—January in 2009-2010. Disereations were made on the
characters plant emergence, days to marketableritgatotumber of leaves, leaf length,
leaf width, root color, root shape, root/top ratiopt length, root diameter, average root
weight, crown diameter, dry matter, and contentdotdl soluble solids, ascorbic acid,
total sugar, and fiber and it was found that highitduality, with moderate to high
coefficients of variability and high genetic gainreregecorded for all characters except
plant emergence and days to marketable maturiticating the role of additive gene

action for the control of inheritance of these elcéers.

Sivathanuet al. (2014) evaluated 10 genotypes for 14 charactensgithe rabi,
summer and kharif seasons to determine mean peafamenduring 2012-2013. They
reported that the charactaesig. number of leaves, root diameter, fresh weighhefplant,
dry weight of the plant and fresh weight of root p&nt had high heritability and genetic
advance in all seasons, indicating the possibditymprovement of these traits through

simple selection.

Mallikarjunaraoet al. (2015) evaluated 24 cultivars of radish during Redmson
(2011-12). They observed high broad sense heiitabor root weight, total dry matter of
roots, leaf weight, root diameter, vitamin C, shtmtoot ratio, total soluble solids, leaf
length, root length and leaf humber. However, germtvance in per cent of mean was
maximum for the trait leaf weight followed by rowteight while minimum genetic

advance in percent of mean was observed for theactes total soluble solids.

Nagaret al. (2016) investigated 21 genotypes of radish undepezate conditions
at Uttarakhand during Rabi seasons of 2014-15 ftierdnt horticultural traits and
recorded high heritability coupled with moderatagec gain for root length, root weight

with leaves, root weight without leaves, leaf weighd root diameter.

Roopaet al. (2018) carried out study on 30 genotypes of rad@hall the
characters. They observed high heritability rangmgn 73.85-99.96%. However, high
amount of genetic advance as percent of mean |lftteacharacters ranging from 15.13-
238.10%.
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ii.) Correlation

Correlation is used to determine the degree (stigngnd direction of the
relationship between two variables and more. Thisaimeasure of the relationship
between two traits, which worked at the same tifaygéset al. 1955). Yield is an
important parameter which is polygenically conedlland its expression depends on the
performance of traits. Consequently, the selectibsuperior genotypes based on yield
performance as such is usually not effective. Theeder has to choose the planting
material based on phenotypic expression for theceh of superior genotypes. So, it is

very important to know the correlation between éhigaits (Robinsoset al. 1951).

The relationship between two variables which cardivectly observed is termed
as phenotypic correlation but it does not givettiae picture of the relationship between
two characters because along with genetic valuet@onmental impact also involved.
That's why the genetic correlation is important tbe study of real genetic variation in
different characters. The genetic improvement gedéent trait and can be accomplished
by applying strong selection to a character whishgenetically correlated with the
dependent character. That is known as correlasggbrse. Correlation studies bring better
understanding of components which help the plaeeder to improve yield during
selection (Johnsoet al. 1955).

Sharmaet al. (2002) conducted an experiment on Asiatic radvgin regard to
correlation studies and found that the charactest rweight was positively and
significantly correlated with the characters plaetght, leaf length, leaf width, leaf size,
leaf weight per plant, root length, root thicknesmt size and leaf per root weight ratio,
while negative and significant correlations wereserved with the root shape at both

phenotypic and genotypic levels.

Panwaret al. (2003) studied inter-relationship amongst 11 ab@rs in radish and
found that fresh weight of shoot and roots wereitpe$y correlated with all the

characters, except ascorbic acid content which sda@ignificant negative correlation.

Zhaoet al. (2008) assessed nutritional quality of 42 Chimesksh cultivars and
they observed that dry matter content was positiecerrelated with the TSS, vitamin C
content and protein. While, vitamin C content aflish exhibited a positive correlation

with the protein content.
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Kumaret al. (2009) conducted correlation study in Europeaishagenotypes and
found positive correlation of average root weiglithveeed germination, number of leaves,
leaf length, leaf width, root top ratio, root lehgtoot diameter and dry matter. All these
characters were mainly contributed towards yield #us selection on the basis of these

characters will be effective.

A correlation study was carried out by Mapairial. (2009) in 24 genotypes of
radish and reported that root yield per plant wasitively correlated with number of
leaves per plant at harvest, fresh weight of leavest length, total plant weight,

chlorophyll content of leaves and days requiredairest.

Ridhimaet al. (2009) estimated the correlation in European ragsnotypes and
found that highly significant and positive corrédatwas observed for average root weight
with seed germination, number of leaves, leaf llenigiaf width, root top ratio, root length,
root diameter and dry matter which suggested tinedet are the major yield contributing

characters.

Ullah et al. (2010) conducted a study on genetic variabilityirelation and path
coefficient analysis of yield and yield contribwgitraits involving 21 varieties of radish.
Root yield had significant and positive correlatiwith days to harvest, root length and
root diameter, and showed only positive correlatith the characters plant height and
leaf width.

Sivathanuet al. (2014) carried out study on 10 genotypes of radiging the rabi,
summer and kharif seasons of 2012-2013. Correlatiohdirect effect of component traits
on root yield were influenced by season in direttasd magnitude. Root length, root
diameter, root/leaves ratio and dry weight of rpet plant exhibited direct and positive
correlation on root yield in all seasons and theytcould be used as appropriate selection

parameters for improvement of root yield in radish.

Jabal et al. (2015) estimated phenotypic variances and cdioelaof yield
components of six local genotypes of radish. Theetation analysis showed that root
weight was positively and significantly correlatedh both yield and root diameter. And
the yield was positively and significantly corr@dtwith root diameter. While, root length
was also positively and significantly correlatedthwihe characters plant height and

number of leaves per plant.
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Mallikarjunaraoet al. (2015) investigated yield and its components adish.
Correlation studies revealed that root weight wasitively and significantly correlated
with leaf number, leaf length, leaf width, leaf glei, root length, root diameter, yield per
plant, total dry matter and vitamin-C. While, ree¢ight was negatively and significantly
correlated with shoot to root ratio and total stdulsolids at both phenotypic and

genotypic levels.

Chakrabortyet al. (2016) investigated 15 germplasm lines of radisimfdifferent
parts of Meghalaya on the basis of 23 horticultdralts during winter season from
October to January (2014-15). Correlation analyss carried out to study the character
association and contribution of ten quantitativarelsters, namely leaf length, leaf width,
number of leaves, petiole length, crown head diamebot length, root diameter, days to
root harvest, root weight and yield. Phenotypic &ehotypic correlation coefficient
analysis revealed that root weight, days to rootést, number of leaves, root length, leaf
width, and root diameter had significant positivarelation, while petiole length, leaf
length and crown head diameter had significant tnegacorrelation with marketable

yield.

Nagaret al. (2016) carried out study on 21 genotypes of radisiing Rabi season
for different horticultural traits. The phenotypand genotypic correlation coefficients
among different characters showed that marketaigeyield per hectare had positive and
significant association with root weight withoutaferoot weight with leaf, root length,

number of leaves and length of whole plant.

Kaur et al. (2017) evaluated 17 radish genotypes and obsengti@re recorded
on 18 parameters related to plant growth, rootyaeld root quality. Character association
analysis revealed highly significant and positiverrelation between root yield and
marketable yield, root weight, plant weight, ro@rdeter, root length and root plant ratio.
Increase in root mass also lead to increase imuita&C and isothiocyanate content in the

roots.

Roopaet al. (2018) conducted an experiment on 30 genotypeadisin and found
that root yield per hectare had significant anditp@s correlations with leaf area, root
diameter, root length, root to leaf ratio and reeight both at genotypic and phenotypic
levels during kharif season of 2017-2018. Positawed significant correlation was
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observed for root to leaf ratio with root weightdaiwot yield per hectare at both genotypic

and phenotypic level.
iv.)  Path Analysis

Wright (1921) originally developed the concept atlpanalysis but Dewey and Lu
(1959) first used that technique for plant selett®ath coefficient analysis is a powerful
source and efficient selection technique, becahsecbrrelation coefficient alone can
provide misleading information when consideredhasdriteria for selecting high yield, as
such a character may not be directly correlatedh wield but may exert its influence
through other characters. Path coefficient sptiesdoefficient of correlation into the direct
and indirect effect measurements. In other wordstests the direct and indirect

contribution of various dependent characters.

If correlation between yield and character is tlme character's direct effect, it
reveals a true relationship between them and déedettion for this character is rewarding
for improving yield. In plant breeding, it is vetgugh to have complete knowledge of all
component traits of yield. The residual effect nueas the role of other probable
independent variables which were not included ia $tudy involving dependent and

independent variables.

Singh et al. (2005) studied 21 diverse genotypes of radish wurdmperate
conditions of Kashmir and found that root yield kbibe successfully improved by
making selection for greater average root weigbgt rdiameter and root length. The
characters like root diameter, root length and ayemross weight were identified to have
direct positive effect on root yield. Whereas, tharactersiz. number of leaves per plant,

leaf length and top/root ratio had negative diedt#ct on root yield.

Mapariet al. (2009) studied path analysis in 24 genotypesadish and reported
positive direct effect on root yield through theaddcters total plant weight, root length,

days to harvest, number of leaves per plant atadsaand chlorophyll content of leaves.

Kumar et al. (2009) conducted a study pertaining to path amalys European
radish using 35 diverse genotypes of radish, intted from the Crop Genetic Resources,
Netherland. They reported that average root welgitt highly significant and positive
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correlation with seed germination, number of lealesf length, leaf width, root top ratio,

root length, root diameter and dry matter.

Ullah et al. (2010) conducted genetic variability, characteroasdion and path
coefficient analysis of radish with 21 varietieatliPcoefficient analysis revealed that plant
height had the maximum positive direct effect ontrgield followed by root diameter,

leaf width and days to harvest.

Jamatiaet al. (2015) evaluated 20 radish genotypes for 15 trditse path
coefficient analysis revealed that number of flasvger plant had maximum positive
direct effect on pod yield per plant followed bynmoer of seeds per pod and secondary
branches per plant.

Mallikarjunaraoet al. (2015) estimated path coefficient analysis ofigiadand
found that the leaf weight, leaf number, leaf léngbot length and root diameter showed
maximum direct effects towards average root weiblence these traits should be given
more importance while selecting genotypes for yo@itd improvement.

Nagaret al. (2016) carried out study on 21 genotypes of radiging Rabi season
for different horticultural traits. They observetlat maximum positive direct effect
towards root yield per plant was contributed bytnweight without leaf, length of whole
plant, root weight with leaf and number of leaves.

Kaur et al., (2017) evaluated 17 cultivars of radish for 18rekters related to
plant growth, root yield and root quality. Path fficeent analysis both at phenotypic and
genotypic levels revealed strongly positive direffect of characters marketable yield,

root weight and foliage weight on the total roatlgi
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3.1.2

Chapter-3
MATERIALS AND METHODS

The present investigation entitledassessment of genetic variability, correlation
and path analysis studies in radishRaphanus sativus L.)” was undertaken to access the
extent of genetic variability, heritability and gt advance, correlation coefficient and path
coefficient analysis during the autumn-winter seasd 2019 at Experimental Farm of
Department of Vegetable Science, College of Holtticea and Forestry, Neri, Hamirpur,
H.P. The details of the materials used and expatahenethods followedduring the course
of present investigation are described below devid:

3.1  Geographical features

3.1.1 Location

Experimental Farm Department of Vegetable Scie@mlege of Horticulture and
Forestry, Neri, Hamirpur, H.P. is located in thebSuontane low hills zone (Zone-I) of
Himachal Pradesh. Geographically, it is situatedragltitude 650 m above mean sea level
between 341'47.6" N & 7928'6.3" E.

Climatic and weatherconditions

The climate of the region is characterized as soiital with hot summers and mild
to cool winters. The monthly data pertaining to Hwerage temperature, totalrainfall and
average relative humidity during the period of euntrinvestigation has been tabulated as

under:

Table 3.1 Agro-meterological data during cropping riod.

Month Average Monthly Average Relative | Total monthly
Temperature Humidity Rainfall
°C) (%) (mm)
September, 2019
23.36 88.60 291.6
October, 2019 19.11 74.25 11.4

November, 2019 14.79 78.33 20.0




3.1.3 Soill
The soil structure of the experimental site wasdgaciay loamy soil with pH

ranging from 7.02 -7.28.

3.1.4 Experimentalmaterial

The experimental material used for present invastg comprised of 18genotypes
(17 local accessions and 1 commercial variety)adish. The cultivar Japanese White was
used as standard check. The genotypes were divatBerespect to morphological and

important economical horticultural traits. List @hrious genotypes used in the present

investigation is as follows:

Table 3.2:List of various genotypes of radish inclded in current study along with their

source.
Sr. No. Genotype Source
1 R-COHF-NERI-1 Department of Vegetable Science COREi Hamirpur
2 R-COHF-NERI-2 Department of Vegetable Science COREi Hamirpur
3 R-COHF-NERI-3 Department of Vegetable Science COREYi Hamirpur
4 R-COHF-NERI-4 Department of Vegetable Science COREi Hamirpur
5 R-COHF-NERI-5 Department of Vegetable Science COWEi Hamirpur
6 R-COHF-NERI-6 Department of Vegetable Science COWEi Hamirpur
7 R-COHF-NERI-7 Department of Vegetable Science COWEi Hamirpur
8 R-COHF-NERI-8 Department of Vegetable Science COREi Hamirpur
9 R-COHF-NERI-9 Department of Vegetable Science COWEi Hamirpur
10 R-COHF-NERI-10 Department of Vegetable Scien@E, Neri Hamirpur
11 R-COHF-NERI-11 Department of Vegetable Scien@E, Neri Hamirpur
12 R-COHF-NERI-12 Department of Vegetable Scien@E, Neri Hamirpur
13 R-COHF-NERI-13 Department of Vegetable Scien@E, Neri Hamirpur
14 R-COHF-NERI-14 Department of Vegetable Scien@E, Neri Hamirpur
15 R-COHF-NERI-15 Department of Vegetable Scien@E, Neri Hamirpur
16 R-COHF-NERI-16 Department of Vegetable Scien@E, Neri Hamirpur
17 R-COHF-NERI-17 Department of Vegetable Scien@E, Neri Hamirpur
18 Japanese White (Check) IARI Regional Statiorird{a, Kullu, HP
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3.2  Experimentaldesign and layout

The experiment was laid out in randomized comploek design (RCBD) on 17
September, 2019. The details of the design, numibeplications, plot size, spacing etc. are
given below:

Number of genotypes :18 (including check)

Design : Randomized Complete Block Design
Replications 03

Plot Size 1l2mx1m

Spacing :30cm x 7.5cm

Number of plants/plot :53
No. of plots . 54

The standard cultural practices were followed asrpeommendation in the package
of practices for vegetable crops (Anonymous, 2017).

3.2.1 Land preparation

The experimental field was thoroughly ploughed tiries. Deep ploughing was done
to bring the solil to a fine tilth and all the clod6the soil were thoroughly broken. All the
weeds and stubble were removed from the soil. Tges were built in the plots at a distance

of 30 cm and sowing of radish seeds was done gesid
Intercultural Operations

3.2.2 Thinning of seedlings

Seedling emerged within 10-12 days of sowing. Thiening operation of seedling
was done twice to remove the sick and overcroweedIsgs. First thinning was carried out
after 15 days of sowing mainly to remove unhealtmd lanky seedlings. The second
thinning was performed 10 days after the firstnimg to maintain the optimum space of 7.5
cm between the two radish seedlings.

3.2.3 Weeding
Weeding was done on a regular basis to keep thdrpfrom weeds and to keep the

soil loose and airy.
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Plate 1. Sowing of radish seedson ridges

Plate 2. Experimental farm showing various genotypes of radish




3.24 Irrigation
The irrigation was done immediately after sowingl &ubsequent irrigations were
given intermittently to keep the optimum soil margt as and when required depending upon

the weather conditions.

3.3 Observationsrecorded

The observations were recorded in each replicaiiofive competitive plants picked
at random from each plot. The plants were taggezhsily identify them and record various
observations. The method followed for recordingio@s observations with respect to

different horticultural traits is described as dols:
3.3.1 Daysto50% germination

Days to 50 per centgermination was recorded by toogithe number of days taken

from date of sowing to 50 per cent seedling emergémeach plot separately.
3.3.2 Plant height (cm)

Five randomly chosen plants were selected in eémtht@ observe plant height. The
average of five plants was worked out. The heig$ wecorded from the top root end to the

extreme tip of the foliage at the time of uprootofgadish with the help of meter scale.
3.3.3 Number of leaves per plant

Randomly five plants were selected and tagged. Murobleaves of each plant were
counted separately at the time of uprooting ratbslthe final harvest and the average of five

plants was worked out.
3.34 Leaf length (cm)

It was measured in centimeters by taking average fthe five randomly selected
leaves from the radish plants. The length of th@dewas recorded with the help of the meter
scale from the base of petiole to the highest pafiteéaf at the time of uprooting of radish for

final harvest.
3.5.5 Leaf width (cm)

It was measured in centimeters from the widestigomf the leaf, using meter scale.
The average of five leaves was worked out at tme tof uprooting of the radish for final
harvest.
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3.3.6 Crown diameter (mm)

Crown diameter was recorded with the help of digitarnier Calliper at the crown

end in mm at the time of the final harvest of thdish.
3.3.7 Root length (cm)

The length of five randomly selected roots was messfrom crown to distal end in

cm. at the time of final harvest of radish.
3.3.8 Root diameter (mm)

Root diameter was measured in millimeters just wetbe crown, using digital
Vernier Calliper at the time of final harvest oflish. The average of five randomly selected

roots was worked out for recording the above olsem.
3.3.9 Daystaken to marketable maturity

Days taken to marketable maturity was recorded diyyntng the number of days
taken from seed sowing to the attainment of fullrketable size of the roots i.e. final
harvesting of the radish roots.

3.3.10 Averageroot weight with leaves (g)

In order to record the average root weight withvé=athe radish roots were
thoroughly washed to clear the soil and keepingle¢lges intact. The weight of these five
radish roots was taken with the help of the top lpglance in grams and average was worked

out.
3.3.11 Average root weight without leaves (g)

Five randomly selected radish roots without leawese taken from the produce of
each plot and their weights were recorded in gramd then average root weight was

calculated.
3.3.12 Total soluble solids (°B)

Radish juice was obtained after crushing and filtethe juice with the help of the
muslin cloth. Total soluble solids were recordedpbgcing small amount of juice on Hand
Refractometer prism.The results were translat€édBasx (Ranganna,1986).
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3.3.13 Root yield per plot (kg)
Root yield per plot was recorded at every uprapti the marketable radish roots

from each plot separately and added to get the piet plot in kilograms.
3.3.14 Root colour and shape

Colour (external only) and shape of the roots weonmded on the basis of visual

observation at the time of final harvest of théish root.
3.3.15 Ascorbic acid (mg/100g)

The ascorbic acid content was determined accortiinghe procedure given in
Association of Official Agricultural ChemisttAOAC,1980) by using 2, 6-dichlorophenol
indophenols dye. The sample was extracted by honimgg and extracted solution was
titrated against the metaphosphoric acid till igatl pink colour end point was obtained. The
Vitamin C content was calculated through the follayJformula:

ASCOfbiC acid (mg/lOOgé Dye factor x Titer value x Volume made up % 100

Aliquot taken for estimation X Weight of sample taken for estimation

3.3.16 Prevalence of Alternariablight
a) Diseaseincidence (%)

The disease incidence (%) was calculated by udiegfollowing formula under
natural epiphytotic conditions on five tagged ptanthich were not given any fungicide

spray:

Total number of diseased plants

x 100

. L. 0
Disease incidence (/t) Total number of plants observed

b) Disease severity (%)

The severity of Alternaria blight was recorded lmjildwing 0-5 scale with slight
modifications under natural epiphytotic conditioms the plants showing disease incidence
and the severity was calculated using the formidargby Townsend and Heuberger, (1943).

The details are as follows:
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Disease grade Infected leaf area (%) Diseasereaction
0 No visible infection Immune (1)
1 1.0-5.0 Resistance (R)
2 5.1-15.0 Moderately resistant (MR
3 15.1-30.0 Moderately susceptible (M
4 30.1-50.0 Susceptible (S)
5 >50 Highly susceptible (HS)

S)

Per cent disease index (PB)

34 Statistical analysis:

Total sum of numerical ratings

x 100

Total number of ratings xMaximum disease grade

The data obtained from the present investigatios suébjected to statistical analysis

as per the methods suggested by Gomez and Gom84) (k& Randomized Complete

Block Design (RCBD). The statistical analysis wasried out for each observed character

by using MS-Excel, OPSTAT and SPAR 1.0 packages.

34.1 Analysisof Variance

Sour ce of variation Degree Sum of M ean sum of Fea
offreedom squares squares
Replication (r-1) S M= S/(r-1) M./M.
Genotypes (D) S M= §/ (9-1) My Me
Error (-1)(g-D) $ M. = S/0-1)(g-1)
Total (rg-1) S
Where,
r = Number of replications
g = Number of genotypes
S = Sum of squares due to replications
S = Sum of squares due to genotypes
S = Sum of squares due to error
Sr = Total sum of squares
M; = Mean sum of squares due to replications
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Mg
Me

Mean sum of squares due to genotypes

Mean sum of squares due to error

The replication and genotype mean sum of squares wested against error mean
squares by ‘F’ test at (r-1), (r-1) (g-1) and (g-)1) (g-1) degree of freedom respectively at
5% level of significance.

The calculated F-values were compared with tabdil&t®alues. When F calculated
values were >= F tabulated values, the criticalediihces were calculated to find out the

superiority of one genotype over the others foivamgcharacter.

Critical difference (CD) was calculated asfollows

CDo.os = S.E. (d) xb.os(r-1) (9-1) df
SE (d) + = J2Merr
SE (m) + = JMenr
Where,
SE(m) + = Standard error of mean
SE (d) £ = Standard error of difference

CDo.05 = Critical difference at 5 per cent level @frsficance

3.5PARAMETERSOF VARIABILITY

All the quantitative characters excluding prevateraf Alternaria blight, which
differed significantly in terms of genotypes, waudlized further for the estimation of

following genetic parameters:

* Mean performance and geneticvariability
* Heritability (in broadsense)
» Genetic advance(GA)

* Genetic gain (GG)

3.5.1 Mean performance and geneticvariability

The Genotypic and Phenotypic Coefficients of valigbwere calculated as per

formulae given by Burton and De-Vane (1953).
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3.5.1.1 Phenotypic coefficient of variation (PCV)

\/Phenotypic variance (Vp)

PCV (%) = X 100

General mean of population (GM)

3.5.1.2 Genotypic coefficient of variation (GCV)

\/Genotypic variance (Vg)

GCV (%) = X 100

General mean of population (GM)

3.5.2 Heritability

Heritability in broad sense was calculated as@enula given by Burton and De-
vane (1953) and Allard (1960).

H (%) =:,’—§>< 100

Where,
H= Heritability (%)
\{= Genotypic variance (MM¢)/r
V,= Phenotypic variance g Ve)

3.5.3 Genetic advance

The expected genetic advance resulting from selectif five percent superior
individuals was calculated as per Allard (1960):

GA=H xgp xK
Where,

H = Heritability (%)
op = Phenotypic standard deviation
K = Selection differential at 5% selection indé&=< 2.06)

3.54 Geneticgain

Genetic advance expressed as per cent of populaitean was calculated by the
method given by Johnsa@hal. (1955).

GG =22 x 100
GM
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Where,

GG = Genetic gain
GA = Genetic advance

GM = Population mean

PCV and GCV were classified as shown below (Che&800)

PCV
<10% Low
10-20% Moderate
>20% High
GCV
<10% Low
10-20% Moderate
>20% High
Heritability

The heritability was categorized as suggested hpslmet al. (1955):

<50% Low
50-70% Moderate
>70% High
Genetic gain
<25% Low
25-50% Moderate
>50% High
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3.6 Correlation analysis

The genotypic and phenotypic correlations wereuwated by using analysis of

variance and covariance matrix in which total Maitity was split into replications,

genotypes and errors.The correlations betweenhallacters under study, at genotypic and

phenotypic level were estimated as per the metlesdribed by Al-Jibouet al. (1958).

Sour ce of Degreeof | Mean sumof square | Mean sum of Variation ratio
variation freedom square (F- value)

X Y
Replication (r) r-1
Genotypes (t) g-1 X MgY My XY=MP4 MP:/ MP,
Error (r) (r-1)(g-1) M X MeY Me XY= MP>

Genotypic, Phenotypic and environmental co-vaednetween X and Y characters

worked out as under:

Environmental covariance (\XY)
Genotypic covariance QXY)
Phenotypic covariance (XY)

Where,
Ve XY
Vg XY
VXY

Coefficients of correlation:

MP;
(MP1- MPy)/r
Vg XY + Ve XY

Environmental covariance between X and Y
Genotypic covariance between X and Y

Phenotypic covariance between X and Y

3.6.1 Phenotypic correlation between characters X and Y:

Where
Vp XY
Vp X
VpY

Vp XY

Po VpXxVpY

r

Phenotypic covariance between X and Y

Phenotypic variance of X

Phenotypic variance of Y
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3.6.2 Genotypic correlation between characters X and Y

Vg XY

T = ————mo e
& [VgXxVgY

Where
Vg XY = Genotypic covariance between X and Y
VgX = Genotypic variance ofX
VgY = Genotypic variance ofY

VpX and gy Xdenote phenotypic and genotypic variances respegtbetween
characters X, whereas, ¥ and \y Ydenote phenotypic and genotypic variances
respectively between characters Y.

Genotypic variance (VQ) = (Mg-Me) /'r

Phenotypic variance (V = (Vgt+Ve)

The calculated correlation coefficients (r) valwesre compared with ‘r'f} (for
tabulated between r ang tabulated values as given by Fisher and Yate83)14t (n-2)
degrees of freedom to test their significance, wherdenotes number of genotypes. If
calculated ‘r' value at 5 per cent level of sigoéince was greater than tabulated value of

‘r' (t;), then the correlation was said to be significant.

3.7 Path coefficient analysis

The genotypic correlation coefficients were useflriding out their direct and indirect
contributions towards the dependent characteraat.yield per plot.

The following formula was used for calculatingpabefficient analysis suggested by
Deweyand Lu (1959). The path coefficient was oladity the simultaneous selection of
following equations, which express the basic retethip between genotypic correction (r)
and path coefficient (P)

4= Prat r12Post 113 Pag
4= 121 Pra+ Poat+ 123 P3y

I34= 131 P1at+ Pso+ 124 P3y
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where 4,24 and g4 are genotypic correlation of components charachetls root
yield (dependent variable) ang,mzand psare genotypic correlations among the component
characters (independent variable) ang P14, r13 Psg, 121 P14, 23 Pas, 31 P1sand g4 Pssindirect

effects.
The direct effects were calculated by the follogvaet of equations:

Pra= Ci1 4t Ciorosat Cialas
Pos= Corr1a+ Cpor24+ Ggras

P3s= Ca1r1a+ Caarzot+ Coslaa

Where G, Cip, Cy3 and Gz are constants andiPP.4 and R4 are the estimates of

direct effects.

3.7.1 Residual effect:

It measures the role of other possible independamables which were not included
in the study on dependent variable. The residdatefvas estimated with the help of direct

effect and simple correction coefficient as givetok:

1= Pxyg + Prg+ Pog + Prag+ 2PrioPos + 2ParisPag+ 2Posr2oPay
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Chapter — 4
RESULTS AND DISCUSSION

The present investigation entitledssessment of genetic variability, correlation
and path analysis studies in radish (Raphanus sativusL.)” was undertaken using
eighteen diverse genotypes of radish including dmeck cultivar Japanese White, to
study variability, heritability, genetic advancerielation coefficient analysis and path

coefficient analysis.

The results obtained after the evaluation of ggresy are discussed and

supported with relevant or appropriate referenceeuthe following headings:
4.1 Analysis of variance
4.2 Variability studies

4.2.1. M ean performance

4.2.2. Parameters of variability

4.3 Heritability and genetic advance
4.4 Correlation coefficient analysis
45 Path coefficient analysis

4.1 Analysis of variance

Analysis of variance indicated significant mean s squares due to
genotypes for all traitgiz. days to 50% germination (11.11), plant height§6% number of
leaves per plant (13.38), leaf length (21.48), leafth (8.84), crown diameter (17.92), root
length (24.90), root diameter (35.35), days takemarketable maturity (53.14), average root
weight with leaves (224.86), average root weighhuwut leaves (182.18), total soluble solids
(5.05),ascorbic acid (20.01), root yield per p76) and prevalence éfternaria blight viz.
disease incidence (54.31) and disease severity34}7(Appendix-11) under study
suggesting sufficient differences among variousogygres for these traits. Therefore,
further variability analysis was done for all theagtitative traits. However, only mean
performance was recorded for prevalenceAltiernaria blight (disease severity and
disease incidence). The replication sum of squassssignificant for charactevi. root
diameter, days taken to marketable maturity, tetdlible solid and root yield per plot
suggesting significant differences among the raepbns for these traits respectively.



4.2 Variability studies
421 Mean performance of genotypes

The variability studies were conducted in radislvolming 18 genotypes
collected from various sources. Observations watgpect to 15 quantitative characters
viz. days to 50% germination, plant height, number aivés per plant, leaf length, leaf
width, crown diameter, root length, root diametiys taken to marketable maturity, average
root weight with leaves, average root weight withieaves, total soluble solids,ascorbic acid,
root yield per plot angrevalence ofAlternaria blight (disease incidence and disease
severity) were recorded. Further observations pengto qualitative character i.e. root
shape and colour were also tabulated for the 18tgpes of radish studied under present
investigation. The parameters of variability i.€\Pand GCV were only recorded for 14
quantitative traits excluding the character Prawede of Alternaria blight (disease
incidence and disease severity) for which onlyrtigan values were tabulated.

The observations pertaining to mean performancEajenotypes of radish

with respect to various quantitative and qualigtiraits is discussed as below:
4.2.1.1 Daysto 50% ger mination

Days to 50% germination is determined by seed genemposition, morphological
features and environmental factors. Less numbetags to 50% germination is desirable
(Ranal and Santana, 2006) to obtain early matofitye crop. The values for the character
Days to 50% germination ranged from.00—1300 days (Table 4.1However, the value of
overall mean was found to bell.11 daymimum number of days to 50% germination
was observed in genotype Japanese WI@i#0Q days) suggesting the superiority of the
variety for the given trait. The genotype Japanatdte was followed by R-COHF-NERI-6
(8.67 days) in terms of superiority for days to 5@&mination. Whereas, the maximum
number of days to 50% germination was observedemotype R-COHF-NERI-913.00
days), which was statistically at par with two athenotypes viz. R-COHF-NERI-12 (12.67
days) andR-COHF-NERI-13 (12.33 days). Nagar (2CGd6» reported similar findings for
days to 50% germination in radish with respect dage (7-13.33 days) and the mean
performance of genotype Japanese White (7.00 days).

4212 Plant height (cm)

The perusal of data (Table 4.1) for plant heigheeded that the range for the
character varied from 51.00-59.87 and the mearevakhibited by this trait was 54.50

cm. Less plant height is a desirable trait asatpnts the lodging of the plants with wind
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Plate 3. Germination of radish seeds




etc. The least plant height was observed in check wadapanese White (51.00 cm), which
was found statistically at par with genotype R-COGNERI-9 (51.33 cm), R-COHF-NERI-1
(51.80 cm), R-COHF-NERI-17 (52.33 cm), R-COHF-NERI{53.13 cm), R-COHF-NERI-
5 (53.80 cm), R-COHF-NERI-14 (53.93 cm), R-COHF-NER54.60 cm), R-COHF-NERI-
10 (54.87 cm) and R-COHF-NERI-11 (55.13 cidpwever, themaximum plant height was
recorded in the genotype R-COHF-NERI-8 (59.87cm)ggesting the undesirable
characteristic of the genotype. These findingsimaidee with those of Olat al. (2018) and
Singhet al. (2019).

4.2.1.3 Number of leaves

More number of leaves is a desirable trait in fadis greater number of leaves help
in manufacturing ample photosynthates thereby asing the root yield. Further, the radish
leaves are rich source of nutrients and can beutoed as vegetable. Maximum number of
leaves were observed in genotype R-COHF-NERI-0{)7which was found statistically at
par with the genotype R-COHF-NERI-2 (16.03). Theradl mean value (Table 4.1) for the
character was 13.38 and the number of leaves inusagenotypes ranged from 6.93-17.07.
While, the minimum number of leaves were found englype R-COHF-NERI-9 (6.93)
followed by R-COHF-NERI-8 (9.6) and R-COHF-NERI-2.73). These findings were in
accordance to those observed by Mallikarjunataa. (2015), Olaet al. (2018) and Singht
al. (2019).

4.2.1.4Leaf length (cm)

The data presented in Table 4showed the mean leaf length as 29.45 cm.
However, thdeaf length for the given 18 genotypes of radishechfrom21.48-39.97cm.
The radish genotype COHF-NERI-12 (39.97 cm) readittie maximum leaf length followed
by R-COHF-NERI-16 (37.13 cm) and R-COHF-NERI-7 @@5cm). While the minimum leaf
length was found in genotype R-COHF-NERI- 17 (23c#@Y), which was found statistically
at par with two genotypes viz. R-COHF-NERI- 11 @Zbcm) and R-COHF-NERI-9 (25.57
cm). The results are in conformity with the obséores of Jatoiet al. (2011),
Mallikarjunaraoet al. (2015) and Singkt al. (2019).

4.2.1.5 Leaf width (cm)

The perusal of Table 4.2. revealed that the ranfgdeaf width varied from
7.42— 10.27 cm. Maximum leaf width was observedenotype R-COHF-NERI-2 (10.27
cm) which was found statistically at par with gemas viz. R-COHF-NERI-12 (9.97 cm),
R-COHF-NERI-3 (9.60 cm), R-COHF-NERI-10 (9.50 cniy;COHF-NERI-9 (9.47 cm),
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R-COHF-NERI-4 (9.33 cm) and R-COHF-NERI-6 (9.10 civhile, the least leaf width was
reported in genotype R-COHF-NERI-11 (7.63 cm) whigds found statistically at par with
genotypes R-COHF-NERI-1 (7.80 cm), R-COHF-NERI-7178 cm), R-COHF-NERI-8
(8.17 cm), R-COHF-NERI-14 (8.27 cm), COHF-NERI-B37 cm), R-COHF-NERI-5 (8.37
cm), R-COHF-NERI-13 (8.40 cm), Japanese White (8c#2) and R-COHF-NERI-6
(9.10 cm).Similar results were observed by Maliilkaaraoet al. (2015) and Singlet al.
(2019) in radish.

Table 4.1 Mean performance of radish genotypes fothe horticultural traits

days to 50% germination, plant height (cm) and numbr of leaves per

plant.

Genotype Days to 50% Plant height Number of leaves
germination (cm) per plant

R-COHF-NERI-1 11.67 51.80 15.53
R-COHF-NERI-2 11.33 57.80 16.03
R-COHF-NERI-3 11.00 57.60 17.07
R-COHF-NERI-4 11.00 57.73 9.73
R-COHF-NERI-5 11.67 53.80 15.67
R-COHF-NERI-6 8.67 56.73 14.33
R-COHF-NERI-7 9.67 54.60 15.33
R-COHF-NERI-8 10.00 59.87 9.60
R-COHF-NERI-9 13.00 51.33 6.93
R-COHF-NERI-10 12.33 54.87 10.93
R-COHF-NERI-11 10.67 55.13 11.13
R-COHF-NERI-12 12.67 58.62 11.07
R-COHF-NERI-13 12.33 57.27 14.00
R-COHF-NERI-14 12.00 53.93 15.33
R-COHF-NERI-15 11.00 55.47 14.13
R-COHF-NERI-16 12.00 53.13 17.03
R-COHF-NERI-17 12.00 52.33 13.00
Japanese White (Check) 7.00 51.00 13.97
Mean 11.11 54.50 13.38
Range 7-13 51.00-59.87 6.93-17.07
SE(m) 0.27 1.53 0.39
CV (%) 4.27 4.88 5.02
C.D. (0.05) 0.79 4.44 1.12
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4.2.1.6 Crown diameter (mm)

Crown diameter mean observations for various ggest of radish ranged from
14.24-23.67 mm (Table 4.2pver all mean for this horticultural trait was f@uaut to be
19.92 mm. Larger crown diameter is desirable ireaafsradish as it helps in increasing
the radish root yielddighest value for crown diameter was recorded mogygoe R-COHF-
NERI-17 (23.67 mm) which was found statisticallypatr with R-COHF-NERI-12 (21.88
mm). While minimum crown diameter was exhibited thg genotype R-COHF-NERI-11
(14.24 mm) which was found to be statistically at with the genotypes R-COHF-NERI-6
(15.65 mm), R-COHF-NERI-14 (16.01 mm), R-COHF-NERIf16.48 mm), R-COHF-
NERI-13 (16.52 mm), R-COHF-NERI-16 (16.85 mm), Jmse White (16.96 mm), R-
COHF-NERI-4 (17.11 mm), R-COHF-NERI-7 (17.16 mm}C®HF-NERI-8 (17.20 mm),
R-COHF-NERI-9 (17.27 mm) and R-COHF-NERI-15 (17.80n).Identical observations
with regard to crown diameter in radish have besported by Kumaset al. (2012) and
Guleria (2016).

4.2.1.7 Root length (cm)

The data recorded on root length showed wide réhg©3-29.50 cm) among various
genotypes of radish (Table 4.3). Root length iSsmaportant character contributing to root
yield since the economic part in radish is a rdwwever, the consumer preference for

specific length sometimes affects the popularitg plrticular genotype.

Grand mean for this trait was found to be 24.90 Itm.evident from the Table 4.3
that the highest root length was found in the ggrmR-COHF-NERI-3 (29.50 cm) and this
genotype was found statistically at par with otlgenotypes namely R-COHF-NERI-12
(29.43 cm), R-COHF-NERI-2 (28.80 cm), R-COHF-NERI-28.07 cm), R-COHF-NERI-
14 (27.80 cm), R-COHF-NERI-5 (26.97 cm), R-COHF-NEBR?26.73 cm), R-COHF-NERI-
10 (26.17 cm), R-COHF-NERI-11 (26.13 cm), R-COHFR®B (25.80 cm) and R-COHF-
NERI-1 (25.60 cm). The genotype R-COHF-NERI-9 (B5ch) was found to be the shortest
in terms of root length among all the genotypes indlas found statistically at par with
another radish genotype i.e. R-COHF-NERI-16 (1%8(). These findings were in line to
those obtained by Mallikarjunarab al. (2015), Roopat al. (2018) and Singlet al. (2019)

in radish.
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Table 4.2 Mean performance of radish genotypes fahe horticultural traits leaf

length (cm), leaf width (cm) and crown diameter (mnh

Leaf length Leaf width (cm) Crown diameter

Genotypes (cm) (mm)
R-COHF-NERI-1 27.83 7.80 19.87
R-COHF-NERI-2 27.60 10.27 19.60
R-COHF-NERI-3 27.23 9.60 19.74
R-COHF-NERI-4 28.33 9.33 17.11
R-COHF-NERI-5 28.23 8.37 16.48
R-COHF-NERI-6 28.33 9.10 15.65
R-COHF-NERI-7 30.03 8.17 17.16
R-COHF-NERI-8 35.27 8.17 17.20
R-COHF-NERI-9 25.57 9.47 17.27
R-COHF-NERI-10 33.27 9.50 19.05
R-COHF-NERI-11 25.73 7.63 14.24
R-COHF-NERI-12 39.97 9.97 21.88
R-COHF-NERI-13 27.33 8.40 16.52
R-COHF-NERI-14 27.83 8.27 16.01
R-COHF-NERI-15 29.30 8.37 17.30
R-COHF-NERI-16 37.13 10.23 16.85
R-COHF-NERI-17 23.77 8.10 23.67
Japanese White (Check) 27.33 8.42 16.96
Mean 29.45 8.84 17.92

Range 23.77-39.97 7.63-10.27 14.24-23.67

SE(m) 0.74 0.51 1.19

CV (%) 4.33 9.99 11.53

C.D. (0.05) 2.13 1.47 3.44

4.2.1.8 Root diameter (mm)

The data pertaining to the character root diantedsrbeen presented in Table 4.3.
Grand mean for this trait was found to be 35.35 nriilhre values of root diameter in

various genotypes of radish ranged from 15.60—420m. The maximum value of root

diameter (42.70 mm) was reported in the genotyp€®F-NERI-9, which was found
statistically at par with genotypes R-COHF-NERI-@2.00 mm), R-COHF-NERI-3
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(40.37 mm), R-COHF-NERI-2 (39.36 mm), R-COHF-NER-(@39.28 mm) and Japanese
White (38.30 cm). While, the least root diameteswaen in the genotype R-COHF-NERI-16
(22.56 mm) amongst all the genotypes under stulgsé@ findings for root diameter were in
confirmation to those recorded by Mallikarjunargtoal. (2015), Roopeet al. (2018) and
Singhet al. (2019) in radish.

4.2.1.9 Days taken to marketable maturity

The character days taken to marketable maturdaysph very important role in
identifying the early genotypes and it is one @& tmportant characters for breeding a new
variety (Singh, 2001). The early genotype, if sholwgh heritability can be used for
developing future early varieties. The above hattigal trait under study ranged from 46.33
—58.67 days (Table 4.3). The genotype R-COHF-NER/GS earliest in terms of marketable
maturity (46.33 days) and was found statisticatlpar with genotype viz. R-COHF-NERI-7
(47.67 days). However, on the other hand the maxindays to marketable maturity were
taken by the genotype R-COHF-NERI-10 (58.67 dawsich was found statistically at par
with genotypes viz. R-COHF-NERI-12 (58.24 days) &« OHF-NERI-13 (57.86 days).

These results were in accordance to those obtapn&bngarwaet al. (2017).
4.2.1.10 Average root weight with leaves (g)

The higher average root weight with leaves issrdble trait in case of radish as it
directly contributes to the higher yields and helpe farmer to increase his/her income.
Radish is generally sold in the market with leaaed these leaves are very nutritious hence,
they are often used to make vegetable. The meaeyabrresponding to average root weight
with leaves of various radish genotypes ranged 18,40-339.07g. While t@rand mean
for this trait was found to be 224.86 The highest average root weight with leaves was
recorded by the genotype R-COHF-NERI-12(339.07 Wwdpich was found statistically at par
with genotype R-COHF-NERI-6 (275.85 g), R-COHF-NERI (272.40 g), R-COHF-NERI-

2 (260.47 g), R-COHF-NERI-14 (247.13 g) and R-COREERI-7 (243.27 g). Whereas, the
minimum average root weight was recorded by theotype R-COHF-NERI-9 (135.40 Q)
and it was statistically at par with the radish@gpe R-COHF-NERI-8 (168.33 g). Semdia
al. (2019), Dongarwaet al. (2017) and Olaet al. (2018) conducted similar studies in radish

and their findings were in line with observationtioé current study.
4.2.1.11 Average root weight without leaves (g)

Average root weight without leaves is again thetiboltural trait which directly

contributes to the yield. The mean values obsebyed8 genotypes of radish (Table 4.4),
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ranged from 89.53-241.56 @Grand mean for this horticultural character wastbto be

182.18 gMaximum average root weight with leaves was obskmehe radish genotype R-

COHF-NERI-12 (251.56 g) showing its superiority puwest of the radish genotypes,

However, this genotype was found statistically at with the genotypes R-COHF-NERI-6
(241.56 g), R-COHF-NERI-3 (240.60 g), R-COHF-NER(234.40 g) and R-COHF-NERI-
10 (225.47 g). Whereas, the minimum average roagiwevithout leaves was found in the
radish genotype R-COHF-NERI-9 (89.53 g). These Iltesuere in confirmation to those
obtained by Sembet al. (2019), Dongarwaet al. (2017) and Roopet al. (2018) in radish.

Table 4.3 Mean performance of radish genotypes fahe horticultural traits root length

(cm), root diameter (mm), days taken to marketablenaturity and average root

weight with leaves (g).

Root length Root diameter Days taken to marketable Average root weight
Genotypes (cm) (mm) maturity with leaves (g)

R-COHF-NERI-1 25.60 33.57 56.67 220.40
R-COHF-NERI-2 28.80 39.36 56.67 260.47
R-COHF-NERI-3 29.50 40.37 52.00 279.40
R-COHF-NERI-4 26.73 37.56 50.00 217.13
R-COHF-NERI-5 26.97 34.78 53.67 199.87
R-COHF-NERI-6 25.80 42.10 46.33 336.00
R-COHF-NERI-7 24.70 35.97 47.67 243.27
R-COHF-NERI-8 24.33 32.06 49.00 168.33
R-COHF-NERI-9 15.03 42.70 56.00 135.40
R-COHF-NERI-10 26.17 35.49 58.67 272.40
R-COHF-NERI-11 26.13 29.78 55.33 220.00
R-COHF-NERI-12 29.43 39.28 58.24 339.07
R-COHF-NERI-13 28.07 33.64 57.86 186.53
R-COHF-NERI-14 27.80 34.40 54.67 247.13
R-COHF-NERI-15 23.40 33.75 51.67 207.20
R-COHF-NERI-16 15.80 22.56 54.00 227.07
R-COHF-NERI-17 20.47 30.60 49.00 197.20
Japanese White (Chegk)  23.43 38.30 49.00 221.36

Mean 24.90 35.35 53.14 232.12

Range 15.03-29.50 22.56-42.70 46.33-58.67 135.40-339.07
SE(m) 1.36 1.68 0.57 17.39

CV (%) 9.50 8.18 1.86 12.97
C.D. (0.05) 3.94 4.83 1.64 49.32
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4.2.1.12 Root yield per plot (kg)

Higher yield is the principal objective in all tkkeop improvement programmes and
thus the root yield per plot is a very importanttloltural trait as it directly influences the
root yield of radish produced in a unit area. Haghount of variation in terms of range (3.59
—7.18 kg) was recorded in the 18 genotypes of hadigler study. Maximum root yield of
7.18 kg was observed in the radish genotype R-CAHR{-12 (7.18 kg) which was found
statistically at par with genotype R-COHF-NERI-61 kg). While, minimum value of root
yield per plot was observed in genotype R-COHF-NBRB.59 kg) of radish, which was
statistically at par with genotypes R-COHF-NERIZ2968 kg), R-COHF-NERI-17 (3.79 kg),
R-COHF-NERI-16 (3.82 kg), R-COHF-NERI-13 (3.95 Kd)ese findings for root yield per
plot (kg) were similar to those reported by Sirgjjlal. (2019), Roopat al.(2018) and Olaet
al.(2018).

4.2.1.13 Total soluble solid (°B)

High amount of TSS is desirable in radish roots plrusal of Table 4.5 revealed
that the values of the genotypes for the chardotat soluble solids ranged from 3.03-5.93
°B. The comparison of mean values of all the ggmesyunder study showed that highest
total soluble solids content was found in genotiRE€OHF-NERI-15 (5.93 °B), which was
found statistically at par with genotypes R-COHFRNA (5.90 °B) and R-COHF-NERI-9
(5.83 °B). Whereas, minimum value for this traitswacorded in genotype R-COHF-NERI-4
(3.03 °B) followed by R-COHF-NERI-6 (4.63°B) and GOHF-NERI-5 (4.77°B). Similar
values for the trait total soluble solid were alsscorded by Kumaret al. (2012),
Mallikarjunaraoet al. (2015) and Olat al. (2015) in case of radish.

4.2.1.14 Ascorbic acid (mg/100g)

Ascorbic acid or Vitamin-C is an important constitt of radish roots. It is
required for the growth and the repair of the #sswf human body and also acts as an
antioxidant and prevents us from various disealBasefore, high content of Ascorbic acid is
desirable trait in radish roots. In the presenestigation the value of ascorbic acid in radish
roots of the various genotypes ranged from 14.5B28ng/100g (Table 4.5). The mean
values depicted that the genotype R-COHF-NERI-14 haaximum (29.92 mg/100g)
ascorbic acid content which was statistically at wah genotype R-COHF-NERI-6 (29.47
mg/100g). While, minimum ascorbic acid content waen in the genotype R-COHF-NERI-3
(14.51 mg/100g) which was statistically at par vilie genotypes R-COHF-NERI-17 (14.96
mg/100g), R-COHF-NERI-15 (15.87 mg/100g), Japanégete (15.98 mg/100g) and R-
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COHF-NERI-1 (16.32 mg/100g). Dongarweet al. (2017), Kumar et al. (2012),
Mallikarjunaraoet al. (2015) and Olat al. (2015) obtained similar values for the ascorbic

acid in radish roots.

Table 4.4 Mean performance of radish genotypes fothe horticultural traits, average
root weight without leaves (g), marketable root yikl per plot (kg), TSS (°B)
and ascorbic acid (mg/100 g).

Average root |Root yield per TSS °B) Ascorbic acid
Genotypes Wellzz\tl :v:?go)ut plot (kg) (mg/100g)

R-COHF-NERI-1 180.73 4.67 5.90 16.32
R-COHF-NERI-2 234.40 5.52 5.20 19.49
R-COHF-NERI-3 240.60 5.92 4.83 14.51
R-COHF-NERI-4 181.67 4.60 3.03 16.77
R-COHF-NERI-5 162.53 4.40 4.77 22.21
R-COHF-NERI-6 241.56 7.12 4.63 29.47
R-COHF-NERI-7 196.73 5.16 4.97 25.39
R-COHF-NERI-8 145.67 3.59 4.97 22.67
R-COHF-NERI-9 89.53 3.68 5.83 25.39
R-COHF-NERI-10 225.47 5.77 5.37 24.48
R-COHF-NERI-11 174.87 4.66 5.17 27.20
R-COHF-NERI-12 251.87 7.18 5.00 18.59
R-COHF-NERI-13 137.80 3.95 5.30 21.31
R-COHF-NERI-14 198.00 5.24 4.97 29.92
R-COHF-NERI-15 165.00 4.39 5.93 15.87
R-COHF-NERI-16 141.33 3.82 5.13 17.68
R-COHF-NERI-17 156.93 3.79 4.93 14.96
Japanese White (Check) 154.48 4.71 4.97 15.98
Mean 182.18 4.90 5.05 20.01

Range 89.53 - 251.87 3.59-7.18 3.03-5.93 14.51-29.92
SE(m) 14.23 0.18 0.18 0.70
CV (%) 13.34 6.23 6.22 5.70
C.D. (0.05) 40.35 0.51 0.52 2.00
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4.2.1.15 Prevalence ofAlternaria blight

The Alternaria blight causes considerable damage in radish unoer Hill
conditions of Himachal Pradesh and lowers the prtd of radish root and seed yield. The
pathogen oAlternaria blight attacks all the above ground parts of tlaafproducing severe
spotting and blighting on leaves, shoots and pdde blight is a serious destroyer and
disease development is so fast that whole cropsisih a few days. Therefore, the problem
deserves immediate and effective measures of dqveoma and Verma, 2010) but control
measures enhance the cost of production. So, fdetitbn of genotypes which are resistant
to Alternaria blight is quite essential. In the present studypteralence oflternaria blight
was studied under the two subheads i.e. diseaskenme (%) and disease severity (%). The

description of which, with respect, to various sidgenotypes is given below as under:
4.2.1.15.1 Disease incidence (%)

The percentage of number of plants infected frotal toumber of plants on which
the observations are taken is referred to as diseaglence. Disease incidenceAdfernaria
blight was recorded immediately after appearanceisdéase on the crop (Ghimiet al.,
2016). The higher disease incidence can destroyciiye as well as increase the cost of
production. So, genotypes which are less suscepti#liternaria are desirable. The range of
disease incidence varied from 50.67-84.34 % wln& dverall mean value was found to be
54.31 %. Lowest percentage for disease incidencere@orded by the genotype R-COHF-
NERI-17 (84.34 %) of radish which was found statadty at par to the genotype R-COHF-
NERI-16 (82.26 %). However, the minimum percentégedisease incidence was found in
R-COHF-NERI-3 (50.67 %) which was statisticallypatr with the radish genotype R-COHF-
NERI-9 (53.96%). These findings are in line witlosk of Islanet al. (2007).

4.2.1.15.Disease severity (%)

Disease severity is the percentage of relevant temie covered by symptom or
lesion or damage by disease. The disease sevstityation was based on a modified 0 to 5
scale given by Townsend and Heuberger (1943) amdligease scoring was started 10 days
after disease appearance (Ghinaral., 2016). The high value of disease severity cas&au
significant damage to the crop and increase theatggoduction for disease control which is
not desirable. The best genotype in terms of dessaserity having minimum percentage for
disease severity was R-COHF-NERI-9 (39.87 %) whwhs statistically at par with
genotypes R-COHF-NERI-8 (44.83 %), R-COHF-NERI-48.83 %) and R-COHF-NERI-
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Table: 4.5 Prevalence of Alternaria blight in various radish (Raphanus sativus L.)

genotypes.

Prevalence ofAlternaria blight

Genotypes Disease incidence Disease severity
(%) (%)

56.12 45.93

R-COHF-NERI-1 (48.50) (42.62)
64.42 50.27

R-COHF-NERI-2 (53.36) (45.14)
50.67 49.40

R-COHF-NERI-3 (45.37) (44.60)
69.74 57.63

R-COHF-NERI-4 (56.62) (49.45)
72.36 61.10

R-COHF-NERI-5 (58.27) (51.54)
70.98 59.80

R-COHF-NERI-6 (57.39) (50.83)
69.35 61.10

R-COHF-NERI-7 (56.41) (51.40)
60.86 44.83

R-COHF-NERI-8 (51.26) (41.96)
53.96 39.87

R-COHF-NERI-9 (47.26) (39.12)
55.39 43.33

R-COHF-NERI-10 (48.08) (41.03)
56.54 45.50
64.62 51.13
66.35 51.13

R-COHF-NERI-13 (54.55) (45.63)
70.65 58.07

R-COHF-NERI-14 (57.21) (49.64)
65.82 54.17

R-COHF-NERI-15 (54.21) (47.37)
82.26 70.63

R-COHF-NERI-16 (65.09) (57.25)
84.34 71.93

R-COHF-NERI-17 (66.77) (58.10)
) 67.21 56.33

Japanese White (Check) (55.05) (48.63)

Mean 54.31 47.34
CD (0.05) 3.16 8.89
SE,. 1.09 3.08
cV 3.49 11.26

*Values in the parenthesis are the Arcsine (anytlansformed values.

41




11 (45.50 %). Range of disease severity varied 8887 to 71.93 %. The overall mean of
all the 18 genotypes under study was 45.93 %. Rigpercentage for disease severity was
found in the radish genotype R-COHF-NERI-17 (71288which was found statistically at
par with R-COHF-NERI-16. These results were in gomdtion to those obtained by Suhag
et al. (1993) and Ghimiret al. (2016).

4.2.1.16 Root shape and root color

Root shape and color are the qualitative charaetedsthere is lot of variability in
terms of root shape and color in radish. The liking a particular root shape and color
depends upon the consumer’s preference. Howewerdlored roots are more nutritious due

to the presence of coloring pigments in them.

Table 4.6 Root shape and root color of different getypes in radish.
Genotypes Root shape Root color
R-COHF-NERI-1 Conical White
R-COHF-NERI-2 Conical White
R-COHF-NERI-3 Conical White
R-COHF-NERI-4 Cylindrical White
R-COHF-NERI-5 Conical White
R-COHF-NERI-6 Cylindrical White
R-COHF-NERI-7 Conical White
R-COHF-NERI-8 Conical Red
R-COHF-NERI-9 Conical Red
R-COHF-NERI-10 Cylindrical White
R-COHF-NERI-11 Conical White
R-COHF-NERI-12 Conical Red
R-COHF-NERI-13 Conical White
R-COHF-NERI-14 Conical White
R-COHF-NERI-15 Conical White
R-COHF-NERI-16 Conical White
R-COHF-NERI-17 Conical White
Japanese White (Check) Cylindrical White

The majority of genotypes of radish studied hadiea root shape (13 genotypes)
whereas only 5 genotypes viz. R-COHF-NERI-4, R-CENMERI-6, R-COHF-NERI-9, R-
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COHF-NERI-10 and Japanese White exhibited cyliradrigpe of root shape on the basis of

visual observation.

On the basis of visual inspection three genotypesR-COHF-NERI-8, R-COHF-
NERI-9 and R-COHF-NERI-12 had red colored roots &edce showed the presence of
coloring pigments in them. While, majority of gepoes (15 in number) including check
(Japanese White) had white colored roots. Anjana@h (1998) and Jato#t al. (2011)
reported similar observations for root shape awd color in radish.

4.2.2 Parameters of variability

Vavilov (1951) first realized that a wider range \@riation in any crop provides
better opportunities to pick desirable types. Fcwlating variability; range and coefficients
of variation are used in plant breeding. If theueabf GCV is higher than that of PCV, it
shows that there is more contribution of genetimgonent towards the expression of the
character and selection for such traits will beiie. But in the opposite scenario when the
value of PCV is higher than that of GCV, it is adicator that the variation is not only due to
genetic makeup of the plant but also due to enwemtal influence. In such cases, where the
influence of environment is more, the selection tfee individual horticultural character is

ineffective.

The analysis of genetic variability, among the sadgenotypes undertaken, in the
present study was done only for 14 quantitativetitidtural traits of radish excluding
prevalence oflternaria blight. The data recorded by characterization used to work out
the estimates of variability viz. Phenotypic Coa#int of Variation (PCV) and Genotypic
Coefficient of Variation (GCV). Further Heritabifitin broad sense {h%) and Genetic
Advance were also worked out to find the efficadyselection for a particular trait. The
estimates of genetic parameters for different sraite presented in Table 4.8 and the

results pertaining to these parameters are brgented and discussed as below:
4.2.2.1 Coefficients of variability

The Table 4.8 showed that the phenotypic coefficanvariation was higher in
magnitude in comparison to genotypic coefficientvafiation for all the characters under
study. However, the differences between PCV and &&Mes for all the characters was
lower in magnitude which indicated that the conttibn of environment was quite less in
governing the various traits. The observations namt with respect to Phenotypic and

Genotypic coefficient have been discussed undefollmving headings:
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4.2.2.1.1 Phenotypic coefficient of variation

The data presented in table 4.8 indicates that watge of phenotypic variability
exists in experimental material. The phenotypic flfocent of variation (PCV) ranged
from7.65 to 27.60%. High phenotypic coefficientuariation existed for the traits viz. root
yield per plot (27.60%), root diameter (27.42%) rage root weight without leaves
(26.08%), average root weight with leaves (25.23%3$c¢orbic acid (24.85%) and
number of leaves per plant (21.959%)vathanuet al. (2014), Ullahet al. (2010) and
Kumaret al (2012) also observed high PCV values for identiGats in radishModerate
phenotypic coefficient of variation (PCV) were exibed for root length (18.33%), crown
diameter (16.10%), leaf length (14.85%), days t&Sfermination (13.86%), TSS (13.02%),
leaf width (12.62%) and plant height (10.10%)oderate values of PCV for the traits
discussed above have also been reported by Malikanaoet al. (2015) and Kumaet
al. (2012). While, days taken to marketable maturity (7.65%lileited low phenotypic
coefficient of variation (PCV). The findings wene line to those obtained Wyllah et al.
(2010).

4.2.2.1.2 Genotypic coefficient of variation

Genotypic coefficient of variation tells us aboutet amount of variation
present in the population which is there due to tienetic component. In the
experimental material, wide range of genotypic &icednt of variation was observed
for characters under study ranging from 7.23 td028. High genotypic coefficient of
variation was found in characters viz. root diamdte6.07 %), ascorbic acid (24.19%),
average root weight without leaves (22.92%), averagt weight with leaves (21.16%) and
number of leaves per plant (21.12%). Similar obsgons with high GCV were also
recorded by Roopet al. (2018), Sivathanet al. (2014) and Kumaet al (2012). Moderate
genotypic coefficient of variation (GCV) were obgasnl for marketable root yield per plot
(18.58%), root length (15.72%), leaf length (14.)8%ays to 50% germination (13.37%),
TSS (12.16%) and crown diameter (11.14%). Similadihgs with moderate GCV were
observed byMallikarjunarao et al. (2015) and Kumaret al. (2012). While, the
horticultural trait plant height exhibited low gewpic coefficient of variation (7.24%) which

were in accordance to the research findings offléitaal. (2010).
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Table 4.7 Estimates of phenotypic and genotypic coefficientsf variation, heritability and genetic advance forvarious characters in

radish.
Genetic
Coefficients of variability (%) N
Characters Range Mean + S.E Hertabillly advance as
(%) % of mean
Genotypic Phenotypic (%)
Days to 50% germination 7-13 11.11+0.38 13.37 3.84 93.11 26.58
Plant height (cm) 51.00 — 59.87 54.50 + 3.14 7.24 0.1a 51.32 10.68
Number of leaves per plant 6.93-17.07 13.3850.6 21.12 21.95 92.57 41.86
Leaf length (cm) 21.48 — 35.27 29.45 + 1.06 14.18 4.83 91.25 27.91
Leaf width (cm) 7.42 —10.27 8.84 +0.73 7.55 12.62 35.76 9.30
Crown diameter (mm) 14.24 — 23.67 1792 +1.70 41.1 16.10 47.87 15.88
Root length (cm) 15.03 -29.50 2490 £1.92 15.72 8.33 73.53 27.77
Root diameter (mm) 15.6 — 39.70 35.35+2.3P 26.07 27.42 90.40 51.06
Days taken to marketable maturity 46.33 — 58.6]7 1463.1.08 7.23 7.65 89.43 14.09
Average root weight with leaves (g) 135.40 — 279.40224.86 + 26.01 21.16 25.23 70.38 36.58
Average root weight without leaves (Q) 89.53 - 861.| 182.18 +18.53 22.92 26.08 77.19 41.48
TSS (°B) 3.03-5.93 5.05+0.19 12.16 13.02 87.17 23.39
Ascorbic acid (mg/100g) 14.51 - 29.47 20.01+£0.98 24.19 24.85 94.74 48.49
Root yield/plot (kg) 3.59-5.92 4.75 +0.82 18.58 27.60 45.33 25.77
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4.3.1 Heritability

Heritability acts as an indicator of the level @ngtic variation that can be passed on
from parent to offspring. This forecasts the expi@s and reliability of phenotypic value as a
guide to breeding performance. It reflects the geneslationship between parent and its
progeny. High heritability displayed by a charaakows a breeder to make direct selection on
single plant to enhance a specific trait of interedile if the heritability is on the lower side
then the breeder has to rely on the progeny testndythen make selection on the basis of

desirable progenies.

The estimates of heritability (broad sense) vaffech 35.76% to 94.74% for different
characters under study (Table 4.8). High heritabidistimates were obtained for ascorbic
acid (94.74%), days to 50% germination (93.11%)nhar of leaves per plant (92.57%),
leaf length (91.25%), root diameter (90.4%), daglseh to marketable maturity (89.43%),
TSS (87.17%), average root weight without leaves.19%), root length (73.53%) and
average root weight with leaves (70.38%). Similaritability levels were observed by
Roopaet al. (2018) and Ullaket al. (2010).Moderate heritability levels were reported for
the traits plant height (51.32%) only. Whereas, loeritability levels were obtained for
the traits viz. crown diameter (47.87%), root yigiér plot (45.33%) and leaf width
(85.76%) in the current studyhe results of present investigation were in clgeement
with those olKumaret al. (2012).

4.3.2 Genetic Advance

The estimates of the genetic advance as perceofagean were calculated during
the present investigation involving 18 genotypesradlish. The heritability estimates
alone cannot be useful in determining the genetiemptial of any horticultural trait. High
heritability estimates coupled with high geneticvadce as percentage of mean suggest
that the corresponding trait is controlled mainjydxditive genes and selection in such a

scenario can be quite effective.

Genetic advance (expressed as per cent of populatean) was low to high in nature
and ranged from 9.30-51.06 per cent for differdraracters under study (Table 4.8). Genetic
gain was found high for characters viz. root diaan€1.06%), ascorbic acid (48.49%), number
of leaves per plant (41.86%), average root weigtitout leaves (41.48%), average root weight
with leaves (36.58%), leaf length (27.91%), roaigih (27.77%), days to 50% germination
(26.58%), root yield per plot (25.77%) and TSS 8880). Similar results for high genetic
advance were reported Iallikarjunaraoet al. (2015) and Roopet al. (2018). Moderate

genetic gain was recorded for crown diameter (®)3&lays taken to marketable maturity
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(14.09%) and plant height (10.68%loderate values of genetic advance have also been
reported byKumaret al. (2012) andRoopaet al. (2018).Whereas, it was observed low for the
horticultural trait leaf width (9.30%) which was @&tcordance with the findings Sivathanuet

al. (2014)

Both heritability and genetic advance were higleer dharacters viz. days to 50%
germination, number of leaves per plant, leaf lengbot length, root diameter, average root
weight with leaves, average root weight withoutvies total soluble solid and ascorbic acid.
High heritability coupled with high genetic advanas percentage of mean suggest that
the constituent trait is controlled mainly by adkvkt genes and selection can be quite
effective for such type of horticultural traits. &lcharacter root yield per plot showed low
heritability and moderate genetic advance (as péage of mean) which suggesting that
selection for root yield per plot was not much efifee.

4.4 Correlation coefficient analysis

After acquiring knowledge about the genetic vamiatavailable in experimental
material, it is important to learn about assocrati@tween different characters within a
species. Since most of the traits of economic valuwzop plants rely on one or the other
characteristics, and the degree of expression @fchiaracter increases or decreases as the
other character increases or decreases and visa. \&fter knowing the essence of yield
variability and related characteristics, it woul@ luseful to know the extent and
magnitude of associations between these charactdysng out improvement. Some of
the horticultural traits can be directly and pasly correlated with marketable root yield
per plant and hence selection for these traitsigesvopportunity for crop improvement.
In plant breeding generally two types of correlasi@re worked out which are genotypic
and phenotypic correlations. The description othbot these correlations derived from

the current study involving 18 genotypes of radssas below:
4.4.1 Genotypic and Phenotypic correlations

The inherent or heritable association between tapables is known as the
genotypic correlation. This type of correlation niagy either due to pleiotropic action of
genes or due to linkage or both. Whereas, phermtgpirelation is the association
between the two variables which can be directlyeoled. It includes both genetic and
environmental effects and therefore, differs urdiferent environmental conditions. The
character wise discussion of the various genotgpit phenotypic correlations observed

in the study of various genotypes of radish isollsws:

4.4.1.1Days to 50% germination
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Days to 50% germination expressed positive andiyigiignificant correlation with the
characters viz. days taken to marketable matu@enptypic 0.747 and Phenotypic 0.699), root
diameter (0.553 and 0.487), crown diameter (0.4¥t1G272) and leaf width (0.368 and 0.193)
at genotypic and phenotypic level. Similar cotielas were obtained by Nagar (2015) in
radish.

4.4.1.2 Plant height

Plant height showegositive and highly significant correlations withet traits viz.
root length (0.783 and 0.660), average root wevgkitout leaves (0.680 and 0.541), average
weight with leaves (0.565 and 0.444), root yield plet (0.465 and 0.322), leaf length (0.402
and 0.351) and number of leaves per plant (0.326 @A50). However, plant height had
negative and highly significant correlation withtab soluble solid (-0.501 and -0.314).
Whereas, the character showed positive signifieasociation (0.465 and 0.322) with root
yield per plant at genotypic level respectively.e$é findings were in line to the findings of
Kauret al. (2017) and Ullalet al. (2010) in the correlation’s studies conductedaatish.

4.4.1.3Number of leaves per plant

The character Number of leaves per plant had pesitind highly significant
correlation with the trait average root weight widlaves (0.374 and 0.276) and average root
weight without leaves (0.353 and 0.304) at genatgpid phenotypic level. These results were
in confirmation to the research findings of Panetal. (2003) in radish.

4.4.1.41 eaf length

Leaf length is an important trait in radish andoitserved positive and highly
significant correlation with the traits leaf wid{d.548 and 0.348), average root weight with
leaves (0.422 and 0.324) both at genotypic and gifipit levels respectively. Whereas, the
positive significant association (0.326) was fouwnith the character root yield per plant at

genotypic level only. These findings were similathose of Nagar (2016).
4.4.1.5L eaf width

Positive and highly significant associations wegeorded by the character with the
traitsviz. average root weight with leaves (Genotypic catreh: 0.427), average root weight
without leaves (Genotypic correlation: 0.422), rowatld per plot (0.326 and 0.341), days
taken to marketable maturity (Genotypic correlatidn358), root diameter (Genotypic
correlation: 0.299) and crown diameter (Genotyparalation: 0.283) whereas positive
significant association of the character was ole®rwith the trait root yield per plot at

genotypic and phenotypic level respectively. Theseilts were similar to those obtained by

49



Sivathanuet al. (2014) in radish.
4.4.1.6Crown diameter

Crown diameter exhibited positive and highly sigraht correlation coefficient with
average root weight without leaves (0.298 and 0.275oth genotypic and phenotypic levels.
However, the present horticultural trait i.e. crodiameter expressed negative and significant
correlation coefficient with the trait ascorbic &cf-0.663 and -0.442) at genotypic and
phenotypic levels suggesting that increase in dvagacter lead to the decrease in other and
vice versa. Guleria (2016) also obtained similautes for crown diameter in radish.

4.4.1.7Root length

Root length is very important character since antabutes to the yield. It was
observed that positive and highly significant ctatien was exhibited by the character root
length with other horticultural traitgz. average root weight without leaves (0.756 and®),6
root yield per plot (0.731 and 0.443) and average weight without leaves (0.560 and 0.518)
at genotypic and phenotypic levels. Similarly, aipee and highly significant correlation of
the root length was observed with the economicaattar root yield per plot at genotypic and
phenotypic levels respectively. These findings wiereconfirmation to those obtained by
Rajput and Pal (2014) and Ullahal. (2010).

4.4.1.8Root diameter

Highly significant and positive associations of rallameter were recorded with the
other charactergz. root yield per plot (0.385 and 0.287), ascorluicl §0.352 and 0.325) and
average root weight without leaves (0.337 and Q.aBgenotypic and phenotypic levelaur
et al. (2017) also reported positive and highly significassociation of root diameter with

root yield per plot.
4.4.1.9Days taken to marketable maturity

The character days taken to marketable maturiypbaitive and highly significant
association with the trait total soluble solid @74and 0.422) at genotypic and phenotypic

levels respectively. Similar findings were obtaifwdGuleria (2016) in radish.
4.4.1.10 Average root weight with leaves

The character average root weight with leaves sHowesitive and highly
significant association with other characters atiboltural importance viz. root yield per
plot (0.939 and 0.757) and average root weight authleaves (0.970 and 0.861) at
genotypic and phenotypic levels respectively sugggshat the increase in the character

also lead to the increases in the economic chareeteoot yield per plot. Similar type of

50



Table 4.8: Genotypic and phenotypic coefficients of correlatin among different horticultural traits in radish.

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14
1 G 1.000 -0.195 -0.178 0.147 0.368 | 0.474 -0.099 0.553 0.747 -0.169 -0.118 0.239 0.014 -0.180
P 1.000 -0.178 -0.167 0.140 0.193 0.272 | -0.086 0.487 0.699 -0.151 -0.103 0.242 0.004 -0.126
o G 1.000 0.325 0.407" 0.022 -0.071 0.783 | 0.074 -0.145 0.565 0.680" -0.501 -0.103 0.465
P 1.000 0.250 0.351 | 0.071 0.184 0.660 | 0.115 -0.085 0.444 0.541 -0.314 -0.105 0.322
3 G 1.000 -0.066 0.035 0.032 0.262 -0.200 -0.091 437 0.353" 0.110 -0.222 0.217
P 1.000 -0.059 0.001 0.012 0.237 -0.160 -0.097 ®.27 0.304 0.068 -0.211 0.141
“a G 1.000 0.548 0.117 0.024 -0.023 0.199 0.402 0.252 -0.004 -0.034 0.326
P 1.000 0.348 0.135 0.011 -0.009 0.193 0.324 0.235 -0.028 -0.046 0.203
5 G 1.000 0.283 -0.142 0.299 0.358 0.427 0.427 -0.195 -0.216 0.420
P 1.000 0.234 0.011 0.239 0.205 0397 | 0.254 -0.130 -0.123 0.321
6 G 1.000 0.031 0.176 0.175 0.170 0298 | 0.112 -0.663 0.140
P 1.000 0.081 0.206 0.137 0.242 0275 | 0.081 -0.447 0.180
7 G 1.000 0.244 0.181 0.560 0.756" -0.326 0.069 0.731
P 1.000 0.254 0.145 0.518 0.675" -0.228 0.026 0.443
G 1.000 0.213 0.199 0.337 -0.039 0.357 0.385
X8 P
1.000 0.197 0.225 0.337 -0.051 0.325 0.287
%9 G 1.000 0.009 0.050 0.437 0.041 0.080
P 1.000 0.000 0.016 0.422 0.039 0.009
10 G 1.000 0.970 -0.215 0.116 0.939
P 1.000 0.861 -0.203 0.081 0.757
G 1.000 -0.256 0.077 0.887
X11
P 1.000 -0.214 0.034 0.720
G 1.000 0.042 -0.191
X12
P 1.000 0.039 -0.138
13 G 1.000 0.231
P 1.000 0.183
14 G 1.000
P 1.000

*Significant at 5% level**Significant at 1% level

X13—Ascorbic acid (mg/100g)
X14 — Root yield per plot (kg)

X7 — Root length (cm) X10 — Average root weighthnlitaves (g)
X8 —®aliameter (mm)

X9 — Days taken to marketable maturityX12 —Total soluble solid (°B)

X4 - Leaf length (cm)
X5 - Leaf width (cm)
X6 — Crown diaméter)

X1 — Days to 50% germination

X2 — Plant height (cm) X11- Average root weight withaeaves (g)

X3 — Number of leaves per plant
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results were also obtained by Kaatial. (2017) in radish.
4.4.1.11 Average root weight without leaves

Highly significant and positive association of tingportant horticultural trait
i.e. average root weight without leaves was obskewith the trait root yield per plot
(0.887 and 0.720) both at genotypic and phenoty@wel suggesting that the trait
significantly contributed to the economic chara&ad increase in one had increasing
effect on the other character. Thesseeech findings were in accordance to those oltaine
by Panwaet al. (2003) in radish.

4.4.1.12. Total soluble solids

Total soluble solid had positive and non-significaonrrelation with ascorbic
acid (0.042 and 0.039). While negative though rnigniicant correlation was reported
with trait root yield per plot (-0.191 and -0.138).

4.4.1.13. Ascorbic Acid

Positive though non-significant correlation of atio acid was observed with

character root yield per plot (0.231 and 0.183).
4.4.1.14 Root yield per plot

Root yield per plot have positive and significass@ciation with the character
viz., average root weight with leaves (0.939 and 0.7&V@rage root weight without
leaves (0.887 and 0.720), root length (0.731 aAd3), plant height (0.465 and 0.322),
leaf width (0.420 and 0.341), root diameter (0.388 0.287) and leaf length (0.326 at
genotypic level). These search findings were in accordance to those oltaiyeKauret
al. (2017) and Ullalet al. (2010) in radish.

4.5 Path coefficient analysis (genotypic level)

The correlation coefficients only provide infornmati about the combination of
different characters among themselves, while thé paefficient analysis provides a
better insight into the cause of the associationtells us the effect of a character
individually and in conjunction with other charast®n the dependent character which is
of economic value. It allows the partitioning otthoefficients of correlation into direct
and indirect effects of the traits, which contridwd the dependent variable. Root yield
per plot was taken as dependent variable in custnly, and the rest of the characters
were considered as independent variables. Thetsesfuhe present study with respect to

direct and indirect effects on root yield per potgenotypic level are presented in Table
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4.11. The discussion pertaining to various dirent andirect effects of the 13

independent traits on the dependent trait viz. Rt per plot trait wise is as follows:
4.5.1 Days to 50% germination

Negative direct effect was reported for root yigler plot through days to 50 %
flowering (-0.708). Maximum indirect effects werees throughplant height (0.138)
followed by number of leaves per plant (0.126),rage root weight with leaves (0.120),
average root weight without leaves (0.083) and leagth (0.070). However, maximum
negative indirect effect was observed in days takemarketable maturity (-0.529)
succeeded by root diameter (-0.392), crown dian(e®e835), leaf width (-0.261), total
soluble solid (-0.169), leaf length (-0.104) andabic acid (-0.010). Theses®arch
findings were in accordance to those obtained bga642016). The days to 50%

germination had negative direct effect on the ddpantrait root yield per plot.
4.5.2 Plant height

Negative direct effect was seen for root yield plet overplant height (-1.125) which
suggests that the selection for less plant heiglhtead to increase in the root yield per plot.
However, positive indirect effects of the plantdigiwere observed through charactes
total soluble solid (0.563), days to 50% germinati®.219), days taken to marketable
maturity (0.120), ascorbic acid (0.116) and croviamteter (0.080). Whereas, high negative
indirect effect over the dependent character regltyper plot were seen through root length
(-0.881), average root weight without leaves (-8)7@&verage root weight with leaves (-
0.636), leaf length (-0.452), number of leaves gant (-0.366), root diameter (-0.083) and
leaf width (-0.025). Similar results were obtain®dKauret al. (2017) for characters plant
height, days taken to marketable maturity, ascoaoid through dependent character root

yield per plot in radish.
4.5.3 Number of leaves per plant

The character number of leaves per plant recordsdiye direct effect (0.055) on the
dependent trait i.e. root yield per plot. Highessifive indirect effects by the character on
dependent character were reported through traitageeroot weight with leaves (0.020)
followed by average root weight without leaves {@)) plant height (0.018), root length
(0.014), total soluble solid (0.006), leaf width.q02) and crown diameter (0.002). This
suggested that the selection through average reghivwith leaves along with the given

character number of leaves per plant could bezatlito increase the root yield per plot in
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radish. On the other hand, the highest negativieeicideffect was observed through the trait
ascorbic acid (-0.012) which was followed by roatndeter (-0.011), days to 50%
germination (-0.010), days taken to marketable ntgt-0.005) and leaf length (-0.004).
Naseeruddiret al. (2018) also observed the positive direct effectle dependent trait root

yield through the character number of leaves pamtpl
45.4 Leaflength

Leaf length had positive direct effect on the impot and dependent horticultural
trait root yield per plot (0.426). Similarly, pasi indirect effects were observed via traits
viz. leaf width (0.233), average root weight with lea\(0.171), average root weight without
leaves (0.107), days taken to marketable matudity86), days to 50% germination (0.062),
crown diameter (0.050) and root length (0.010). Whs, negative indirect effect was
detected over number of leaves per plant (-0.028}prbic acid (-0.015), root diameter (-
0.010) and total soluble solid (-0.002) respecyivéhis suggested that selection for high leaf
length along with a smaller number of leaves cdadlp in increasing the root yield per plot
in the given study. Similar finding were revealgdkauret al. (2017).

455 Leaf width

Negative direct effect was reported on dependaitt oot yield per plot through the
independent trait leaf width (-0.783). However, iBos indirect effects were exhibited by
ascorbic acid (0.169), total soluble solid (0.188) root length (0.111). While, maximum
negative indirect effect over the dependent traas wbserved through leaf length (-0.429)
followed by the traits average root weight withvesa (-0.334), average root weight without
leaves (-0.330), days to 50% germination (-0.28B8)ys taken to marketable maturity (-
0.280), root diameter (-0.234), crown diameter22Q), number of leaves per plant (-0.027)
and plant height (-0.017). Likewise, Jagbal. (2011) also observed the negative direct effect
on dependent horticultural trait i.e. root yield péot via leaf width.

45.6 Crown diameter

Negative direct effect was exhibited by the impottaait crown diameter (-0.221)
over the dependent character root yield per ploaximium positive indirect effect was
observed via ascorbic acid (0.169) followed by tilaé plant height (0.016). This suggested
that selection through higher ascorbic acid wasenadfective than the selection for crown
diameter in increasing the root yield per plot. \\as, maximum negative indirect effect
was reported through days to 50% germination (%).I6llowed by average root weight
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without leaves (-0.066), leaf width (-0.063), ralameter (-0.039), days taken to marketable
maturity (-0.039), average root weight with leag€s038), leaf length (-0.026), total soluble
solid (-0.025), number of leaves per plant (-0.08@) root length (-0.007). Guleria (2016)
also exhibited that the dependent trait root yd plot had positive direct effect through

independent trait crown diameter.
4.5.7 Root length

Root length exhibited positive direct effect ontrgld per plot (0.577). However,
positive indirect effects were reported through titzéts viz. plant height (0.452), average
root weight without leaves (0.436), average rootghtewith leaves (0.224), number of
leaves per plant (0.151), root diameter (0.141ysdaken to marketable maturity (0.104),
ascorbic acid (0.040), crown diameter (0.018) asaf length (0.014). This showed that
selection for root length along with plant heightmore effective to increase the dependent
trait root yield per plot. Whereas, negative indireffects were exhibited through traits like
total soluble solid (-0.188), leaf width (-0.082)dadays taken to marketable maturity (-
0.057). Kauret al. (2017) also found that root length had positireat effect on dependent

character root yield in radish.
4.5.8 Root diameter

Positive direct effect was observed on the depeancigracter root yield per plot by
independent trait root diameter (1.157) suggedtiegmportance of the trait in improvement
of root yield per plot in radish. Maximum positivadirect effect was reported by the trait
days to 50% germination (0.639) which was followsdthe traits ascorbic acid (0.407),
average root weight without leaves (0.389), leaditivi(0.346), root length (0.282), days
taken to marketable maturity (0.246), average neeight with leaves (0.130), crown
diameter (0.204) and plant height (0.085).While xmmaam negative indirect effects were
observed through the trait number of leaves pemtpl®.231) which was followed by the
horticultural characters total soluble solid (-&P4nd leaf length (-0.027). Similar findings
were obtained by Ullalet al. (2010); according to the studies conducted byntliee root

diameter showed positive direct effect on the baltural trait root yield.
4.5.9 Days taken to marketable maturity

Positive direct effect was reported on root yietat plot by days taken to marketable
maturity (0.684). However, positive indirect effeetere seen via characterz. total soluble
solid (0.299), leaf width (0.245), root diameter1d4%), leaf length (0.136), root length
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(0.123), crown diameter (0.119), average root wewgithout leaves (0.034), ascorbic acid
(0.028) and average root weight with leaves (0.008)ereas, negative indirect effects were
observed through charactevz. plant height (-0.099) and number of leaves per tp(an
0.062). Nagar (2016) and Ullahal (2010) observed that the independent trait daysntaé

marketable maturity showed positive direct effeticbaracter trait root yield.
4.5.10 Average root weight with leaves

Average root weight with leaves is an importantrabter from economic point of
view and it had positive direct positive effect tre dependent trait root yield per plot
(3.070). However, maximum positive indirect effegs exhibited via independent trait
average root weight without leaves (2.776) followmd plant height (1.734), root length
(1.720), leaf width (1.310), leaf length (1.234ynmber of leaves per plant (1.149), root
diameter (0.611), crown diameter (0.522), ascaaloid (0.355) and days taken to marketable
maturity (0.028). Whereas, maximum negative indieftect was seen via the horticultural
trait total soluble solid (-0.659) which was folled by days to 50% germination (-0.518).
Kaur et al. (2017) conducted path coefficient studies in radistl reported that average root

weight with leaves had positive direct effect oerage root yield.
4.5.11 Average root weight without leaves

Most of the time the radish is sold in market witaves therefore it is an
important character from marketing point of viewedstive direct effect was reported
on dependent trait root yield per plot through ih@ependent character average root
weight without leaves (-1.878). Positive indiredteets were observed through the
charactersviz. total soluble solid (0.480) and days to 50% gertmma (0.221)
suggesting that selection through these traitsatemhelp in improvement of root yield
per plot in radish. Whereas, negative indirect @ffevere exhibited via the character
viz. average root weight with leaves (-1.821), plantghei(-1.420), leaf width (-0.792),
number of leaves per plant (-0.663), root diaméi@1611), crown diameter (0.560), leaf
length (-0.473), ascorbic acid (-0.145) and daysenato marketable maturity (-0.094).
Similar positive direct effect of trait average trameight without leaves on dependent
character root yield per plot has been reporteGublgria (2016) and Kaet al. (2017).

4.5.12 Total soluble solid

The horticultural character i.e. total soluble ddiad negative direct effect on root
yield per plot (0.285). Positive indirect effectene exhibited via traits plant height (0.285),
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Table: 4.9  Path coefficient analysis in radish showing the dect and indirect effect of thirteen characters on oot yield per plot
at genotypic level.
DTFG PH NLPP LL LW CD RL RD DTMM |ARWWL JARWWOL |TSS AA GCCRYPP
DTFG -0.708 | 0.219 | -0.010| 0.062] -0.288 -0.105 -0.057 0.6839 0.511-0.518 0.221 -0.136 -0.012 -0.180
PH 0.138 | -1.125| 0.018 0.171| -0.017 0.014 0.45p 0.085 -0.0P9 1.734 1.277 0.285 0.085 0.485
NLPP 0.126 | -0.366| 0.055 | -0.028 | -0.027| -0.007 0.151 -0.231 -0.062 1.149 68.6 | -0.062| 0.183 0.217
LL -0.104 | -0.452| -0.004 0.426 | -0.429| -0.026| 0.014] -0.02y 0.136 1.234 -0.473 0.00D.028 0.326
LW -0.261 | -0.025, 0.002 0.233 -0.783 | -0.063 | -0.082| 0.346 0.245 1.310 -0.792 0.111 0.1780.420°
CD -0.335 | 0.080 0.002 0.05( -0.221-0.221 | 0.018 0.204 0.119 0.522 -0.560 -0.064  0.547 0.14
RL 0.070 | -0.881| 0.014 0.01( 0.117@  -0.0070.577 | 0.282 0.123 1.720 -1.420 0.186 -0.057 0.731
RD -0.392 | -0.083| -0.011 -0.010 -0.234 -0.089 0.1411.157 | 0.146 0.611 -0.632 0.022 -0.290 0.385
DTMM -0.529 0.163| -0.005 0.08% -0.280 -0.039 0.104 0.24®.684 0.028 -0.094 -0.249 -0.034 0.080
ARWWL 0.120 | -0.636| 0.020 0.171 -0.334 -0.088 0.2p4 0.13®.006 3.070 -1.821 0.122| -0.095 0.939
ARWWOL 0.083 | -0.765| 0.019 0.107 -0.330 -0.066 0.436 0.389.034 2.776 -1.878 0.146 | -0.064 0.887
TSS -0.169 | 0.563 0.006/ -0.002 0.1583 -0.025 -0.188 ®.p40.299 -0.659 0.480 | -0.570| -0.035 -0.191
AA -0.010 | 0.116| -0.0127 -0.015 0.169 0.147 0.040 0.400.028 0.355 -0.145 -0.024 -0.825 0.231

*Significant at 5% level

**Significant at 1% level

Residual effect: 0.68804
DTFG — Days to 50% germination

PH — Plant height (cm)

NLPP — Number of leaves per plant

LL - Leaf length (cm)
LW - Leaf width (cm)

CD - Crown diaméten)
RL — Root length (cm)
RD — Root diam@hen)

DTMM — Days taken to marke&imaturity

ARWWL — Average root weight thileaves (g)
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ARWWOL — Average root weight without leave3 (g

TSS — Total soluble solid$g)
AA — Ascorbic acid (mg/100g)

GCCRYPP - Genotypic correlation coedfit of root yield per plot (kg)




root length (0.186), average root weight withouaivies (0.146), average root weight with leaves
(0.122), leaf width (0.111), root diameter (0.0224d leaf length (0.002). While highest value
of negative indirect effect was reported througé tiait root diameter (-0.249), days to 50%
germination (-0.136), crown diameter (-0.064) asdoabic acid (-0.024). Naseeruddinhal.
(2018) also reported negative direct effect ofltetduble solids on the dependent character root

yield.
4.5.13 Ascorbic acid

From nutritional point of view ascorbic acid is ary important character and the
breeders often try to develop varieties with higitaabic acid. Negative direct effect was
described for root yield per plot via ascorbic aG@825). This suggested that direct selection
for ascorbic acid content will lead to reduction riwot yield per plot and hence selection
through indirect trait will be more effective. Maxum positive indirect effect was shown by
the character crown diameter (0.547) and subselguspntnumber of leaves per plant (0.183),
leaf width (0.178), plant height (0.085) and leahdth (0.028). However, highest degree of
negative indirect effect was reported via the cti@raroot diameter (-0.290) followed by the
other traits viz. average root weight with leav€s(95), average root weight without leaves (-
0.064), root length (-0.057), total soluble sohd.Q35) and days taken to marketable maturity (-
0.034). The findings of Kauwat al. (2017) and Neseeruddet al. (2018) also revealed that the

trait ascorbic acid showed negative direct effectiee dependent character root yield in radish.
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Chapter-5
SUMMARY AND CONCLUSION

The present investigation entitledssessment of genetic variability, correlation
and path analysis studies in radish Raphanus sativus L.)” was carried out with 18
genotypes of radish including Japanese White @aaralard check to ascertain the variability,
heritability, genetic advance, correlations anchpadefficient analysis. The experiment was
laid out in Randomized Complete Block Design witiree replications at Vegetable
Research Farm, Department of Vegetable Sciencdedeolof Horticulture and Forestry,
Neri, Hamirpur, Dr YS Parmar University of Hortitule and Forestry, Nauni, Solan (HP)
during the months September to November. The sowiag done during third week of
September 2019 at a spacing of 30 x 7.5 cm andplbiesize was 1 x 1.2 m. The
observations were recorded on 15 quantitative chensviz. days to 50% germination, plant
height (cm), number of leaves per plant, leaf len@gim), leaf width (cm), crown diameter
(cm), root length (cm), root diameter (cm), dayeetato marketable maturity, average root
weight with leaves (g), average root weight withéedves (g), total soluble solids (°B),
ascorbic acid (mg/100g), root yield per plot (kgdgrevalence oflternaria blight (disease
incidence and disease severity) and a qualitaheeacter root colour and shape.

The analysis of variance showed highly significdifterences among the genotypes
for all the horticultural traits under study sugwes sufficient variability which is a pre

requisite for crop improvement.

The genotype Japanese Whiie day$ was earliest for days to 50% germination
followed by R-COHF-NERI-9X3.00 days) and R-COHF-NERI-12 (12.67 days). Minimum
plant height was observed in Japanese White (5&m)p followed by R-COHF-NERI-9
(51.33 cm), R-COHF-NERI-1 (51.80 cm). Maximum numloé leaves were observed in
genotype R-COHF-NERI-3 (17.07) followed by genotyReCOHF-NERI-2 (16.03). The
radish genotype COHF-NERI-12 (39.97 cm) recordedrttaximum leaf length followed by
R-COHF-NERI-16 (37.13 cm) and R-COHF-NERI-7 (35@i). The maximum leaf width
was observed in genotype R-COHF-NERI-2 (10.27 cwljodved by genotypes viz.
R-COHF-NERI-12 (9.97 cm) and R-COHF-NERI-3 (9.60)cithe highest value for crown
diameter was recorded in genotype R-COHF-NERI-13.62 mm) followed by genotype
R-COHF-NERI-12 (21.88 mm). The highest root lengts found in the genotype R-COHF-



NERI-3 (29.50 cm) followed by genotypes R-COHF-NHERI (29.43 cm) and R-COHF-
NERI-2 (28.80 cm). The maximum value of root diaengd2.70 mm) was reported in the
genotype R-COHF-NERI-9, followed by genotypes R-GGRERI-6 (42.10 mm) and
R-COHF-NERI-3 (40.37 mm). The genotype R-COHF-NBERWas earliest in terms of
marketable maturity (46.33 days) followed by gepetyiz. R-COHF-NERI-7 (47.67 days).
The highest average root weight with leaves wasrded by the genotype R-COHF-NERI-
12 (339.07 kg) followed by genotype R-COHF-NERIZZ%.85 g) and R-COHF-NERI-10
(272.40 g). Maximum average root weight with leawes observed in the radish genotype
R-COHF-NERI-12 (251.56 g) showing its superiorityeo rest of the radish genotypes,
followed by genotypes R-COHF-NERI-6 (241.56 g) aRdCOHF-NERI-3 (240.60 g).
Maximum root yield per plot was observed in theisadgenotype R-COHF-NERI-12 (7.18
kg) followed by genotype R-COHF-NERI-6 (7.12 kgheThighest total soluble solid content
was found in genotype R-COHF-NERI-15 (5.93 °B)duled by genotypes R-COHF-NERI-
1 (5.90 °B) and R-COHF-NERI-9 (5.83 °B). The gematy\R-COHF-NERI-14 had maximum
(29.92 mg/100g) ascorbic acid content followed Bna@ype R-COHF-NERI-6 (29.47
mg/100g). In case of character prevalenceéAlvérnaria blight the disease incidence was
minimum in R-COHF-NERI-3 (50.67%) followed by theerptype R-COHF-NERI-9
(53.96%) and the disease severity was minimum @OHF-NERI-9 (39.87 %) followed by
in R-COHF-NERI-10 (43.40 %).

High phenotypic and genotypic coefficient of vaoatexisted for root yield per plot
(27.60 and 18.58), root diameter (27.42 and 26.8/@rage root weight with leaves (25.23
and 21.16), average root weight without leavesO@&nd 22.92), ascorbic acid (24.85 and
24.19) and number of leaves per plant (21.95 anti22 Xespectively. Moderate phenotypic
and genotypic coefficient of variations were extabi for root length (18.33 and 15.72),
crown diameter (16.10 and 11.14), leaf length (348d 14.18), days to 50% germination
(13.86 and 13.37), TSS (13.02 and 12.16) and ledthw(12.62 and 7.55) respectively. The
characters like plant height (10.10 and 7.24), days taken to marketable maturity (7.65 and

7.23), showed low magnitude of phenotypic and ggmotcoefficients of variation.

High heritability estimates were observed for abooracid (94.74%), days to
50% germination (93.11%), number of leaves per {p(88.57%), leaf length (91.25%),
root diameter (90.40%), days taken to marketabléunts (89.43%), TSS (87.17%),
average root weight without leaves (77.19%), raaigth (73.53%) and average root
weight with leaves (70.38%). Moderate heritabilisas reported by the trait plant

60



height (51.32%). While, low heritability was obtaoh for charactersviz. crown
diameter (47.87%), root yield per plot (45.33%) alehf width (35.76%). High
estimates of genetic advance as % of mean werenazsdor root diameter (51.06%),
ascorbic acid (48.49%), number of leaves per plaht86%), average root weight without
leaves (41.48%), average root weight with leave®.58%), leaf length (27.91%), root
length (27.77%), days to 50% germination (26.5884)t yield per plot (25.77%) and TSS
(23.39%).

The correlation coefficients among the differenareltters were worked out at both
phenotypic and genotypic levels. The character rgietd per plot had positive and
significant association witaverage root weight with leaves (0.939), average weight
without leaves (0.887), root length (0.731), plaaight (0.465), leaf width (0.326) and
root diameter (0.385).

The path coefficient analysis at genotypic levelesded that the maximum positive
direct effect on root yield per plot was registelsdthe trait average root weight with
leaves (3.070) followed by root diameter (1.1589ysitaken to marketable maturity
(0.684), root length (0.577), leaf length (0.426)danumber of leaves per plant
(0.055); suggesting that selection through theaéstrcan help in improving the
marketable root yield per plothe maximum negative direct contribution on romid
per plot was made bsiverage root weight without leaves (-1.878) followsy plant
height (-1.125), ascorbic acid (-0.825), leaf widh783), days to 50% germination (-
0.708), total soluble solid (-0.570) and crown déden (-0.221).

CONCLUSION

. On the basis of overall performance, out of 18 ggmes R-COHF-NERI-12
(7.18 kg) was found superior for root yield pertplollowed by R-COHF-
NERI-6 (7.12 kg) and R-COHF-NERI-3 (5.92 kg). Thegmotypes were also
found superior for the other horticultural traitkel average root weight with
leaves, average root weight without leaves, raagtle, root diameter and plant
height.

. The horticultural trait root yield per plot showkxv heritability (45.33%) and
moderate genetic advance (as percentage of metdnjheivalue 25.77%. It is

suggesting that selection for root yield per plasywmot much effective.
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Table 5.1 Best three genotypes with respect to diffent horticultural traits in radish

Character Genotyg Mean
es
N Japanese White 7.0C days
0,
Days to 50 % germination R-COHE-NERI-6 8.67day:
R-COHF-NERI-7 9.67 day:
: Japanese White (Check) 51.0(cm
Plant height (cm) R-COHF-NERI-9 51.32cm
R-COHF-NERI-1 51.€cm
R-COHF-NERI-3 17.0;
Number of leaves R-COHF-NERI-16 17.0°
R-COHF-NERI-2 16.0°
R-COHF-NERI-12 39.97cm
Leaf length (cm) R-COHF-NERI-16 3713cm
R-COHF-NERI-7 35.27cm
. R-COHF-NERI-2 10.2icm
Leaf width (cm) R-COHF-NERI-16 10.27cm
R-COHF-NERI-12 9.97cm
. R-COHF-NERI-17 23.67mm
Crown diameter (mm) R-COHF-NERI-12 21.8¢mm
R-COHF-NERI-1 19.87mm
R-COHF-NERI-3 29.50 cm
Root length (cm) R-COHF-NERI-12 29.4%cm
R-COHF-NERI-2 28.60 cm
. R-COHF-NERI-9 42.70 mm
Root diameter (mm) R-COHFE-NERI-6 42.10 mm
R-COHF-NERI-3 40.37mm
R-COHF-NERI-6 46.33 days
r?gjrfg,ke” to marketable R-COHF-NERI-7 47.67 day
Japanese White 49.(0 day:
.. R-COHF-NERI-12 339.0.g
g\;erage root weight with leaves R-COHE-NERI-6 33600 g
R-COHF-NERI-3 279.0 g
.. R-COHF-NERI-12 251.81g
@\;(f/r:lsg((eg;oot weight without R-COHF-NERI-6 241.5(g
R-COHF-NERI-3 240.€g
. R-COHF-NERI-15 5.9:°B
Total soluble solid (B) R-COHE-NERI-1 5 c0°B
R-COHF-NERI-9 5.8:°B
— R-COHF-NERI-14 | 29.92 mg/100x
Ascorbic acid (mg/1009) R-COHF-NERI-6 | 29.41 mg/100
R-COHF-NERI-11 | 27.20 mg/100x
. R-COHF-NERI-12 716 kg
Root yield per plot (kg) R-COHF-NERI-6 7.1Zkg
R-COHF-NERI-3 5.92kg
Disease incidence (%) R-COHF-NERI-3 50.67 %
R-COHF-NERI-9 53.9¢%
R-COHF-NERI-10 55.3¢%
R-COHF-NERI-9 39.81%
Disease severity (%) R-COHF-NERI-10 43.3:%
R-COHF-NERI-3 49.40%
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The character root yield per plot was significardiyd positively correlated
with the characteraverage root weight with leaves (0.939), averagg ro
weight without leaves (0.887), root length (0.73dant height (0.465), leaf
weight (0.326) and root diameter (0.388)ggesting that selection for
improvement of these traits could help in improvaimef the yield in case of
radish.

On the basis of path coefficient analysis, it wasictuded that characters
average root weight with leaves (3.070) followedrbgt diameter (1.157),
days taken to marketable maturity (0.684), roogler(0.577), leaf length
(0.426) and number of leaves per plant (0.0%4s) positive direct effect on
root yield per plot.
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APPENDI X- |
Analysis of variance for various horticultural traitsin radish

Source Mean sum of squares

Character Replications Genotypes Errors
Degr ee of freedom 2 17 34
Days to 50% germination 0.17 6.784~ 0.225
Plant height (cm) 0.38 61.374* 7.091
Number of leaves per plant 7.25 24,593+ 0.451
Leaf length (cm) 1.76 54.018* 1.629
Leaf width (cm) 2.40 2.136* 0.779
Crown diameter (mm) 11.08 16.033* 4.272
Root length (cm) 12.53 51.53% 5.590
Root diameter (mm) 28.4% 73.908* 8.385
Days taken to marketable maturity 4.46 46.073* 0.973
Average root weight with leaves (g) 2493.73 8,165.655 907.019
Average root weight without leaves (g) 147.91 6,974.336 607.153
Total soluble solid¢°B) 0.08 1.188* 0.099
Ascorbic acid (mg/100g) 0.04 76.537 1.434
Root yield per plot (kg) 0.10~+ 3.503* 0.005
Alternaria blight incidence (%) 2.994 98.767* 3.591
Alternaria blight severity (%) 140.925 83.753* 28.427

*Significant at 5% level of significance

**Significant at 1% level of significance
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