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Chapter-1

INTRODUCTION

Bell Pepper Capsicum annuunh.) popularly known as sweet pepper, capsicum or
Shimla Mirch is a member of family Solanaceae walitomosome number 2n=24. It is a
high value vegetable and an important cash crogeimperate regions. It is an important
vegetable crop grown worldwide for its delicateg¢apleasant flavour and colour. It is native
to Mexico with secondary centre of origin in Guatda(Bukasov, 1930).

Fruits of bell pepper are generally blocky, squar&iangular in shape, thick fleshed,
three to four lobed having low to mild pungencyisimostly consumed raw in green mature
forms, cooked as vegetable or widely used in stg#fj bakings, pizza making, preparation of
soups and stews for imparting flavour, aroma anduroBesides, bell pepper is also rich in
certain nutrients, by virtue of which it possesseslicinal properties, hence recommended
for the treatment of dropsy, colic, toothache ahdlera (Peirce, 1987). Nutritionally, it is a
rich source of vitamin C ranging from 150-180 mg p@0 g and vitamin A, constituting up
to 12 per cent of total pigment content. It is ai®t in ascorbic acid content which has an
antioxidant property and aids in prevention of aerttypes of cancer, cardiovascular
diseases, stroke, atherosclerosis and cataractddivaloet al.,2002).

Bell peppers are available in different colowig, yellow, red, green, purple and
orange. These plump, bell shaped vegetables wdtigated more than 900 years ago in
South and Central America and were given the narapper’ by the European colonizers of
North America. These can easily grow in differemies of climate. Sweet peppers are a great
combination of tangy taste and crunchy texturelndia, it was first introduced by the
Britishers in Nineteenth century in Shimla hillsingh et al, 1993) therefore, known as
‘Shimla Mirch’. It is an important remunerative prof temperate and sub-temperate regions,

growing best at a temperature ranging between 2G-B0Summers.

It is now widely cultivated in Himachal Pradeshmyau and Kashmir, hills of Uttar
Pradesh, Andhra Pradesh and Nilgiris during sumamneras an autumn crop in Karnataka,
Tamil Nadu, Maharashtra, Bihar, West Bengal and iWadPradesh. In India, bell pepper is
cultivated over an area of about 46,000 ha withoalgction of 288,000 MT (NHB, 2016). In



Himachal Pradesh, bell pepper is grown as an @$@e crop during the summer and rainy

seasons and is economically important to smallraadyinal farmers (Sooét al, 2009).

Recently, bell pepper has attained a status of Wgdie vegetable in India due to its
high nutritional value and export potential. Despf its economic importance, growers are
not in a position to produce good quality capsicwith high productivity due to various
biotic (diseases and pest), abiotic (rainfall, tenagure, relative humidity and light intensity)

and crop factors (flower and fruit drop).

There are a very few varieties available for caltion in bell pepper in the public
sector which has led to near genetic uniformity agnthese cultivars. Few old introductions
like California Wonder are still recommended formmuuercial cultivation. Now a day’s
farmers are largely dependent on the private sefdorthe supply of seed. Genetic
restructuring of the bell pepper germplasm in puBkctor is the need of the hour. In this
direction, the first and foremost step is the eaatin of the available germplasm so as to
identify the potential genotype for their use eitbeectly as varieties or as parents in future

breeding programme.

Existence of sufficient variability in the genesitock is a pre-requisite for initiation
of any breeding programme. The correlation coedfitibeing the result of cause and effect
relationship between different characters may riafays provide complete information.
Thus, a better understanding of association betwbencharacters is provided by path
coefficient analysis. Knowledge of relationship vbeén the characters is important for
indirect improvement of characters which are diffico quantify and having low heritability.
Similarly, genetic divergence is another importapproach to assess the variability patterns
of specific characters in whole germplasm and itaBle to select the parents for crossing

and improvement of a specific trait through hylraion, where selection is not responsive.

Keeping in view the importance of crop, presentestigations were conducted on

twenty-five diverse genotypes of bell pepper wite following objectives:

OBJECTIVES:

i) To assess the genetic variability in differemingtypes of bell pepper for important
horticultural and yield traits.

i) To study the association among yield and othmgortant horticultural traits.

i) To assess the extent of genetic diversityiffedent genotypes of capsicum.
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Chapter-2

REVIEW OF LITERATURE

An attempt has been made to review the relevagriatiire pertaining to the present
studies and presented here under the followingshead

2.1 Genetic variability studies
2.2 Correlation studies
2.3 Path coefficient analysis

2.4  Genetic divergence

2.1 GENETIC VARIABILITY STUDIES

The determination of genetic variability and itstg@ning into various components
like genotypic, phenotypic and environmental vatigbis necessary to have an insight into
the genetic nature of yield and its components wigicable the breeders to adopt a suitable
strategy and formulate a comprehensive breedingrano, required for the necessary crop

improvement.

Chatterjee and Kohli (2004) observed emate to high heritability estimates for all
the traits in twenty-five genotypes of bell peppdigh genotypic coefficients of variation
(GCV), high heritability and genetic advance (GAgrer found for number of lobes per fruit,
fruit width at blossom end and fruit weight at metdble stage. Moderate GCV, GA and
moderate to high heritability were recorded fomplaeight, number of fruits per plant, fruit
length, fruit width (middle/centre and stem endjl &mit yield per plant.

Mishreet al. (2005) conducted an experiment with twenty-twoajgpes of capsicum
and observed high phenotypic and genotypic coefiisi of variation, heritability and genetic
gain for ascorbic acid content, number of fruits plant, fruit yield per plant, seed yield per

fruit and fruit length.

Nazir et al (2005) observed highest phenotypic and genotypuefficients of
variability for average fruit weight. High heritdiby coupled with high genetic gain was
recorded for plant height, plant spread, fleshkiméss, number of fruits per plant, weight per

fruit and seed yield per plant.



Soockt al (2006) conducted an experiment on twenty-fiveoggmes of bell pepper
and concluded that Phenotypic Coefficients of fastawere high for fruit yield, fruits per
plant and marketable fruits per plant. High heiltgbalong with high genetic advance was
recorded for fruit yield per plant. High to modexrdueritability with low genetic advance was
recorded for days to 50 per cent flowering, daydinst picking, branches per plant and

harvest duration.

Soocet al.(2007)concluded that the phenotypic coefficients of vasia(PCV) were
slightly higher than their corresponding genotypoefficients of variation (GCV) due to the
influence of environment. Higher PCV and GCV welssearved for capsaicin content and
marketable fruit yield and moderate to low for T&Scorbic acid and pericarp thickness. The
highest genetic advance was predicted for capsaimitient followed by marketable fruit

yield.

Ukkuncet al. (2007) studied about eighty chilli accessions.iHiggree of variation
was observed for all characters. The differencavéen phenotypic coefficient of variation
and genotypic coefficient of variation was foundbi® narrow for most of the traits except
primary and secondary branches, tertiary brand@ger cent flowering and fruit yield per
plant. High estimates of heritability were found fplant height (93.40%), days to first
flowering (83.50%), per cent fruit set (70.70%),mher of fruits per plant (81.10%), fruit
length (92.40%), average fruit weight (92.40%) d@othl green fruits per plant (88.40%).
Most of these characters also showed moderatgltodstimates of genetic advances as a per

cent over mean except days to first flowering.

Dandunayaka (2008) evaluated chilli for twelve looitural and six quality traits.
Considerable variability for most of the characteras indicated by analysis of variance.
High phenotypic and genotypic coefficient of vanatwas observed in yield related traits
viz,, fruits per plant and fruit weight. These charectere of economic importance and there
is scope for improvement through selection. Highitabkility coupled with high genetic
advance as per cent mean was recorded for biochkpatameters, fruits per plant, dry fruit
weight, fruit length, fruit diameter and secondamnanches, suggesting the involvement of

genetic factors.

Soodet al. (2009) studied genetic variation for marketabletfyield, fruits per plant,

average fruit weight, pericarp thickness, numberlalifes per fruit, TSS, ascorbic acid,

4



capsaicin content and quantified the relationsmwrag these traits. Difference among bell
pepper genotypes indicated the presence of signifivariation for all the traits. The

phenotypic coefficient of variation (PCV) indicatadjher values than genotypic coefficient
of variation (GCV) for all traits, indicating closassociation between phenotype and
genotype. High heritability estimates along witlgthigenetic advance was recorded for
marketable fruits per plant, pericarp thicknessl kbes per fruit thereby, indicating the role
of additive gene action for their inheritance. Day$0 per cent flowering, harvest duration
and ascorbic acid had high heritability estimatiesi@ with low genetic advance indicating

non-additive gene action.

Sharmaet al. (2010) worked out genetic variability including ame genotypic and
phenotypic variances, coefficient of variation, itedility, and genetic advance on twenty-
three genotypes of bell pepper. Significant diffiees were observed among the genotypes
for all the traits under study. The phenotypic @ogfnt of variation (PCV) and genotypic
coefficient of variation (GCV) were high for fryteld per plant. High heritability along with
high genetic advance was recorded for average Weight, fruit yield per plant, fruit
diameter, number of lobes per fruit, days to firatvest, leaf area and ascorbic acid content,

indicating the role of additive gene action for thieeritance of these traits.

Jyothiet al. (2011) conducted field experiments on ten chiingtypes to study
genetic variability, heritability and genetic adeanas per cent mean for several economic
characters. Data were collected on eight charac&gmificant differences were observed
among genotypes in respect of all the charactadiext. Phenotypic Coefficient of Variation
(PCV) was slightly higher than Genotypic Coeffidier Variation (GCV) for all the traits,

indicating a low environmental influence on expras®f these traits.

Luitel (2011) evaluated sweet pepper germplasmvaoious fruit yield and fruit
quality characters and found the presence afegpmble variability in fruit yield and quality
traits. Thus these genotypes can be utilized teldpvhigh yielding sweet pepper varieties

with better quality traits.

Soodet al. (2011) studied nineteen diverse genotypes to sggasetic variation for
yield, days to first picking, days to harvest, fsuper plant, fruit length, fruit girth, pericarp
thickness, average fruit weight and lobes per fisignificant differences were observed for

all the traits except days to first picking anddslper fruit, which revealed the presence of

5



sufficient variability for these traits. The Pheyit Coefficient of Variation (PCV) exhibited
higher values than Genotypic Coefficient of Vapati(GCV) for all the traits, indicating
close association between phenotype and genotygk.ddtimates of PCV for fruit yield and
fruits per plant indicated the importance of adeitgenes. High heritability coupled with
high to moderate genetic advance was observedtibryield per plant, fruits per plant, fruit
length, fruit girth, pericarp thickness and averaggght, indicating role of additive gene

action for its inheritance.

Ahmedet al. (2012) studied thirty-four genotypes of bell pepfoe nine quantitative
characters. The results revealed that PCV wasegréd@n corresponding GCV for all traits.
High GCV and heritability accompanied by moderatdiigh genetic gain was observed for
number of fruits and fruit weight. Fruit length afrdit diameter exhibited high heritability

coupled with moderate GCV and low genetic gain.

Afroza et al (2013) assessed the genetic variability in tererdie lines of sweet
pepper. Analysis of variance revealed significaffecences among the parents and crosses
indicating diversity in the germplasm. The magn#sidof phenotypic and genotypic
coefficients of variation were moderate to high idepg the ample scope for improvement
through selection. The heritability (broad sensa} Wigh for all the traits, except number of

locules.

Datta and Chakraborty (2013) conducted an expetitoestudy the growth, yield and
quality characters in fifty-one genotypes of chifignificantly highest number of fruits per
plant was recorded in genotype CA-29 Ascorbic amdtent in red ripe fruit varied from
75.89 t0 167.21 mg/ 100g fresh.

Datta and Das (2013) collected fifty-three genosypéCapsicum annuunh. from
different parts of India. Variability studies relea a wide range of variability for all the
characters under study. High heritability alonghwitigh genetic advance was found for
capsaicin content, number of fruits per plant,djieér plant and primary branches per plant.
These characters may be considered as reliablgtiseléndices as governed by additive gene

action.

Kumari (2013) studied genetic variability in bellegper and recorded higher
genotypic and phenotypic coefficients of variation number of fruits per plant (30.49 %



and 30.63%), average fruit weight (30.85% and 3@)Yand fruit per plant (32.12% and
32.26%) in bell pepper indicating wide genetic a&hility for these traits. High heritability
coupled with high genetic gain was observed for Ineimof fruits per plant (57.85% and
57.85%), average fruit weight (60.62% and 60.62%g &uit yield per plant (65.80% and

65.80%), suggesting the role of additive gene adto the inheritance of these traits.

Pandeyet al. (2013) observed significant variation among all denotypes for
guantitative and qualitative traits in sweet peppéey observed high heritability along with
high GCV and high genetic gain was observed fat fmeight, fruit yield per plant, number
of fruits per plant, total chlorophyll and fruit eth.

Kumari and Sharma (2014) screened fifteen genotgpdsell pepper for resistance
against Phytopthora leaf blight and fruit rot dsmaAnalysis of variance indicated significant
differences among genotypes for the disease urnddy.sGenotypewiz.,, Feroz and LC-1

were found to be moderately resistant to both diseéth lowest apparent infection rate.

Pandit and Adhikary (201d¥timated variability and heritability for importayield
and yield contributing traits in fourty one chiffenotypes and recorded very high genetic
advance as percent of mean in fruit yield per p&amt moderately high genetic advance as
percent of mean in days to fifty percent floweriptpcenta length, fruit length, number of
fruits per plant and number of seeds per plant.

Naik et al. (2014) evaluated two ,Fpopulations of the commercial hybrids, F
populations of the commercial hybrigg, Bombay and Atlas were evaluated to study the
extent of variability. Considerable variation wadsserved between and within the populations
which was also confirmed by high mean and widegeaas evidenced by high PCV and
GCV values. The studies concluded that selecti@tegy for yield improvement should rely
on charactersiz., fruit weight, fruits per plant, fruit length, fiusurface area, seeds per fruits
and pericarp thickness during selection, sinceetlvbsiracters exhibited highest direct effect

on the yield.

Patelet al. (2015) studied genetic variability in fourty digergenotypes of chilli. The
analysis of variance revealed the significant d#ffeees among the genotypes for all the
character studied which indicated the presencesnétic variability for different traits. The
high estimates of GCV and PCV were obtained for Imemof primary branches per plant,



number of secondary branches per plant, numbeui$ fper plant, average fruit length (cm).
High heritability was observed for secondary brascher plant, number of fruits per plant,
fruit length, fruit weight, green fruit yield perlgmt, chlorophyll content, ascorbic acid
content and capsaicin content. High heritabilitymled with high genetic advance indicated

better scope for improvement.

Swamyet al (2015) evaluated varieties and hybrids of capsitor different quality
attributes under 50 per cent shade net house. yimedh Angel recorded significantly high
ascorbic acid content closely followed by the vgriArka Gaurav. The capsaicin content
was found meagre in all the varieties and hybileereas, high Total Soluble Solids was
recorded in the variety, Arka Gaurav followed bg ttybrid, Angel.

Rekhat al.(2016) assessed forty three genotypes of chiipsicum annuur.)
and recorded high coefficient of variation botlphaénotypic and genotypic level for the
traits like fruit set per cent, number of fruits péant, dry fruit yield per plant, number of

seeds per fruit and average dry fruit weight.

Murmu et al (2017) studied genetic variability in twenty-fogenotypes of chilli and
revealed the significant differences among the tygres for almost all the characters. The

results revealed the presence of a good amourdrddtig variability for different traits.

Thakur et al. (2017) observed high heritability coupled with higknetic gain for
average fruit weight, fruit yield per plant andifrlength which indicated the presence of
additive gene action and thus, offered more scopeefiable and effective selection.

2.2 CORRELATRION STUDIES:

The correlation between different quantitative elcégrs provides an idea of
association that could be effectively exploiteddomulate selection strategies for improving
yield components. For any effective selection paogmne, it would be desirable to consider

the relative magnitude of association of variousrahters with yield.

Aliyu et al. (2000) studied correlatiam bell pepper and observed a positive and
highly significant association among fruit yieldyit number, fruit diameter, number of seeds

per plant and seed yield.



Chatterjee and Kohli (2001) studied dattren in bell pepper and observed significant
differences for all the traits under study. YieldsyMound to be significantly and positively
correlated with fruit weight, fruit width, pericathickness, number of seeds per fruit and
1000-seed weight.

Feipeng and Huang (2004) conducted aeraxent to study correlation for major
horticultural traits in sweet pepper and reportledt thumber of fruits per plant and fruit

weight were closely related to total yield.

Bindal et al. (2005) studied twenty-two genotypes of bell peppad observed
significant and positive correlation between fryigld and number of marketable fruits per
plant, harvesting duration, fruit length and fruiidth. The number of days to 50 per cent

flowering showed a negative and significant cotretawith fruit yield.

Bharadwagt al (2007) conducted an experiment on twenty seveersié genotypes
of chilli to work out character association betwdemt yield and nine other characters.
Results showed that fruit yield was positively &ss@d with number of branches per plant
and number of fruits per plant. Number of brancpes plant was also found positively

correlated with fruit width, number of fruits peiapt and fruit yield.

Gazalaet al. (2007) concluded that seed vyield was significarathd positively
correlated with days taken to first flower appeaggrdays to first picking and pedicel length
in bell pepper. However, seed yield was found $icgnitly and negatively correlated with
fruit yield.

Ukkundet al. (2007) studied eighty genotypically diverse indiges and exotic
genotypes of chilli for thirteen important hortitwdal traits. The phenotypic and genotypic
association of fruit yield was significantly posdiwith all the characters except days to first

flowering and average fruit weight.

Narciso (2009) in his studies reporstrdng and negative correlation between fruit

length and fruit diameter in sweet pepper .

Soodet al. (2009) found higher genotypic correlations thae ttorresponding
phenotypic correlations, revealing inherent assmeiaamong traits. Character association

analysis revealed that fruit yield per plant wasrggly associated with number of fruits per
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plant, hence it could be considered as one of thpoitant selection criteria in the

improvement of fruit yield.

Sharmaet al. (2010) studied twenty-three genotypes of bell pepgnd revealed
significant positive correlation of the traigz., fruit length, fruit diameter and number of

fruits per plant with fruit yield per plant.

Afrozaet al. (2013) studied the correlation in bell pepper ahderved that fruit yield
per plant exhibited significant positive correlatioith days to first flowering, days to first
fruit set, number of branches per plant, fruit léndruit diameter, flesh thickness, average
fruit weight, number of fruits per plant and averaged weight per fruit both at genotypic

and phenotypic levels.

Kumari (2013) studied nineteen genotypes of bgdpee and observed that fruit yield
per plant had positive and significant correlatwith number of fruits per plant and average

fruit weight.

Singhet al. (2014) conducted an experiment on twenty-threeotypes of chilli to
study the correlation. The number of fruits pernplavas significantly and positively
correlated with fruit weight per plant and red npd fruit yield. Green fruit yield per plant
and dry yield per plant were positively and sigrafitly correlated with number of fruits per

plant and fruit weight.

Patel et al. (2015) studied fourty diverse genotypes of challid concluded that
genotypic correlation coefficients were higher inagnitude than their corresponding
phenotypic correlation coefficients for all theitsaGreen fruit yield per plant had significant
and positive association with number of fruits gdant, average fruit weight, moisture
content and chlorophyll content at both genotypid @henotypic levels which concluded

that these traits were major yield attributingtsai

2.3 PATH ANALYSIS:

The path coefficient technique developed by Wright921 helps in estimating direct
and indirect contribution of various componentduilding up the total correlation towards
yield. On the basis of these studies the quantumpoitance of individual characters is
marked to facilitate the selection programme fdtdyegains.
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Aliyu et al (2000) conducted an experiment to study pathyaigaln sweet pepper
and showed that characters like total dry weigddf area index, fruit diameter and number of

seeds per plant had a positive and large direetedn yield.

Mishra et al (2002) conducted an experiment to study path fioosfit analysis
studies in sweet pepper and observed that higlesgiye direct effect on fruit yield per plant
was exhibited by number of fruits per plant botlpla¢notypic and genetic levels. Days to 50
per cent flowering, leaf area, number of pickinged 1000 seed weight registered high
negative direct effect on fruit yield per plant.casbic acid content also revealed negative

direct effect on fruit yield per plant.

Bindal et al. (2005) studied twenty-two genotypes of capsicund d@he path
coefficient analysis revealed that the number ofketable fruits per plant had the greatest

direct effect on fruit yield per plant.

Ukkund et al. (2007) studied path analysis in chilli. The gepatyand phenotypic
path coefficient revealed that total green yield hggh direct positive effect from early and

late fruit yield. So selection based on early atd fruit yield would be rewarding.

Madosaet al. (2008) evaluated 24 landraces of sweet pepper bsereed that fruit
diameter had a significant and major contribution fauit weight in comparison to fruit
length, diameter and pulp thickness. The resulixloded that fruit weight is influenced by
fruit diameter and pulp thickness and yield pempldepends on number of fruits per plant

and fruit diameter.

Soodet al. (2009) concluded that maximum direct effect ontfyield per plant was
exhibited by number of fruits per plant followed bgrvest duration, average fruit weight,
and pericarp thickness whereas marketable fruitplaat and days to 50 per cent flowering
had negative direct effects in bell pepper.

Sharmaet al. (2010) studied twenty-three diverse genotypes af pepper and
highest positive direct effect was exhibited by twemof fruits per plant followed by average
fruit weight, number of branches per plant, pedleabth and harvest duration at genotypic

level.
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Kumari (2013) observed maximum positive direct effowards yield per plant by

number of fruits per plant and average fruit weighbell pepper.

Sastet al. (2013) conducted path coefficient analysis studiedell pepper and
observed that fruit weight per plant was mainlyuahced by the number of fruits and fruit
weight. Number of fruits per plant showed a negafivfluence on production per plant by
fruit diameter, and fruit weight. Fruit weight ekited an indirect and positive effect on

production per plant, through fruit length and déeder.

Singhet al. (2014) studied the path coefficient analysis iilicand indicated that
number of fruits per plant, fruit width and averdgét weight were major yield components
which could be considered as selection indicesmgrovement. The results suggested that
due emphasis should be given to the genotypes wiagk maximum number of fruits per
plant, fruit length, fruit girth and fruit weightelsause of their high positive direct effect on
dry fruit yield.

Patel et al. (2015) studied fourty diverse genotypes of chilir different traits.
Number of secondary branches per plant, numbewudtfper plant and average fruit weight
had high and positive direct effects on green fyietd per plant. For maximizing the green
fruit yield, weightage should be given to the gepes having early flowering, more number
of fruits per plant, high average fruit weight, marumber of secondary branches per plant

and high moisture content.

2.3  GENETIC DIVERGENCE

In genetic studies the study of genéivergence is used to differentiate well defined
population and to choose suitable parents for oioigi heterotic hybrids and cross
combinations that are likely to provide better mbinants with desired agronomic values in
later generations. The theoretical background ohalmobis B statistics or generalized
distance among group constellation has been dhticdiscussed in a series of
communications (Rao, 1952 and Anderson, 1958). Dhestatistics was found to be an
effective tool among the various techniques avialdbr genetics differentiation among
population (Rao, 1960; Cassie, 1963 and Sabal,)1965

Sudreet al. (2005) studied genetic divergence in fifty-six asiens of chilli and

sweet pepper for the traits like fruit length, frdiameter, number of seeds per fruit, average
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fruit weight, plant height, plant canopy width, tlsand seed weight, days to flowering, days
to fruiting, fruit number per plant and fruit weiglper plant and reported significant

difference for all descriptors evaluated.

Sudreet al. (2006) studied genetic divergence @apsicum specieaccessions and
observed that qualitative traits analysed by Tdshmethod wereompetent to differentiate
among the specigs. annuunvar. annuum C. annuunvar. glabriusculum, C. chinensand

C. pubescens.

Bozokalfa et al. (2009) characterized pepper genotypes for sixigse
agromorphological traits from seedling emergencertp maturity. The morphological data
were analyzed by cluster and principal componeatyais. The findings showed that eleven
components accounted for 77.50% in the first ancctamponent for 71.52% of variability in
the second growing season, respectively. Threepgroufirst and seven groups in the second
year clustered as a result of cluster analysis dhase morphoagronomic properties were
recorded. The greater part of variation was acaxufdr charactersiz., fruit diameter, fruit

weight, fruit wall thickness, fruit productivitypkible solids and dry matter content.

Buttowet al. (2010) carried a study to evaluate and characteyereetic diversity
among C. annuumaccessions which belongs to Capsicum Embrapa Cliemperado
genebank and characterized twenty accessions throthgrty-six multicategorical
morphologic descriptors. Genetic diversity was ssseé using Tocher’s grouping method and
UPGMA. Three groups of accessions were formed bgh@&o method. Moderate genetic

variability among twenty accessions@fannuunwas recorded.

Farhaet al.(2010) grouped fourty-five capsicum genotypes sikoclusters by using
cluster analysis technique to study genetic ditoersi capsicum and observed that the
characters like plant height and number of secondaanches per plant contributed
maximum towards divergence among capsicum genatypksster | and cluster 1ll had
maximum (11) and cluster Il had the minimum num{@r genotypes. The highest inter

cluster distance was observed between clustedIN@and lowest between | and V.

Monteiro et al. (2010) studied genetic divergence in twenty-threeeasions of the
Capsicum for seven quantitative and nineteen qualitativdticategorical traits by using
multivariate technique and reported significanteltégnces among the accessions of peppers
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for all quantitative characters. Eight clusters lboth quantitative descriptors and qualitative
multicategoric descriptors from Tocher’s optimipatimethod were identified. The UPGMA

method detected three clusters for quantitativergesrs and four clusters within qualitative

multicategoric descriptors.

Zadelet al. (2010) studied genetic diversity in pepper on intguatr traits like fruit
length, fruit width, fruit dry weight and thousarséed weight. The observations recorded
considerable genetic variation in the evaluatedotygres and indicated that morphological

traits can be significant tools for classificatimd separation of pepper genotypes.

Misra et al. (2011) studied genetic divergence among thirtyteigbcessions of
Capsicum annuunfor fifteen morphological, growth and chemotypicadhcters including
days to firstflowering, fruit set, plant height, primary, secang and tertiary branches, leaf
surface aredruit length and diameter, fruit surface area, liraad dry fruit weight, capsaicin
and capsanthin content and revealed that genotypes grerged into sevenlusters. The
studies also indicated wide range of alues contributing substantial diversigynong

accessions.

Maga et al. (2012) assessed the genetic diversity among yeflepper genotypes
using agro morphological traits. The cluster analygrouped the genotypes into three
clusters. Cluster | consisted of six genotypes tmate characterized with short and early
flowering habit. Cluster 1l comprised three gena&ypwhich were characterized by moderate
to low performance in almost all the traits exardin€luster 11l comprised eight genotypes
with the lowest values for plant height, numberpamary branches per plant, number of
nodes per plant and pedicel length except fruithvilhese genotypes however had fruits of
moderate girth and weight, and also demonstraighl fnuit setting capacity. It indicated that,
there was considerable variability in the populatiwhich allowed the genotypes to be
separated into distinct groups. Clustering of ggped into groups was based on genetic
similarity information and genotypes that clusteiredimilar groups possess common genetic

relationships as opposed to those that clusterddfarent groups.

Occhiutoet al. (2014) assessed the genetic diversity among ttiirge accessions of
capsicum using thirty five qualitative and nineteprantitative traits. The study was mainly
directed towards the characterization Gfapsicum germplasm suitable for paprika

production. On the basis of cluster analysis aldhcessions were grouped into three groups
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viz.,Group I; included five entries, with triangular itsiof greater pulp thickness, wider and
smaller length, Group II; included twenty five eesr with elongated fruits and Group llI;
included three accessions of spicy peppers, canespg to Capsicum baccatum
characterized by the largest number of fruits pantpless fruit weight and pungent fruits. As
a result of pepper germplasm evaluation, fourteemysing accessions were selected, which

could be incorporated in future breeding prograngiaality fruit production in paprika.
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Chapter-3

MATERIALS AND METHODS

The present investigation entitlé&tudies on genetic variability in bell pepper
(Capsicum annuumlL.)” was carried out at the Experimental Farm of Depant of
Vegetable Science, Dr YS Parmar University of Hwoifture and Forestry, Nauni, Solan HP
during Kharif, 2017. The details of materials usedl methods adopted to carry out the
present studies are given in this chapter.

3.1 EXPERIMENTAL SITE
3.1.1 Location

The experimental site of the Department of Vegetahtience is located at Nauni,
about 13 km from Solan, at an altitude of 1276 mvabmean sea level lying between
latitude 30°5230" North and longitude 77° 1B0" East. It falls in sub-humid, sub temperate

and mid- hill zone of Himachal Pradesh.

3.1.2 Climate and weather conditions

The climate of Experimental Site is generally cbhtgazed as sub-temperate with
mild summers and cool winters. Weather conditiohsctv prevailed during growing period
were recorded and have been presented in Appendbemerally, May and June are the
hottest months and December and January are testanes. Mean temperature during the
cropping season varied from 13.7 td’@4while the relative humidity varied from 44% to
82%. The total rainfall during growing season v@rfeom 33.2 mm to 233.8 mm most of
which was received in month of August. Graphicaresentation of monthly data pertaining
to the temperature, rainfall and relative humidityring the growing season is given in
Figure 1.

3.1.3 Saoil.

The soil structure of experimental site is graveam to gravelly clay loam with pH
ranging from 6.85 - 7.04.



Fig 1 Graphical representation of monthly data peraining to the temperature, relative
humidity and rainfall during the growing season, 2A7

240

220

200

180

160

140

120

B Total RF (mm)

100 m Av. Max temp.

= Av. Min temp.

80
B Mean RH (%)

60

40

20

Source: Meteorological Observatory, Department of Envnemtal Science, Dr YS Parmar
University of Horticulture and Forestry, Nauni, &ol(HP) 173 230

3.2 EXPERIMENTAL MATERIAL

The experimental material for the present invetibgacomprised of twenty five
diverse genotypes of bell peppe&apsicum annuunt.) including a check variety Solan
Bharpur. The genotypes along with their sourcesotlection have been presented in Table
3.1.

3.3 EXPERIMENTAL LAYOUT

The experiment was laid out in a Randomized Coragidck Design (RCBD) with
three replications. Sixteen seedlings of each entgye transplanted on April 21, 2017 at a
spacing of 60 x 45 cm in a plot size of 2.40 m 801m in each replication. The genotypes
along with their sources have been presented la tab.
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Table 3.1: Bell pepper genotypes along with sources collection used in the present

study

S.NO. GENOTYPE PLACE OF COLLECTION
1. Palam Bell IARI Regional Station, Katrain ( KwNalley)
2. Yolo Wonder IARI Regional Station, Katrain ( KwNalley)
3. Arka Basant IARI Regional Station, Katrain ( KuV/alley)
4. Nishat IARI Regional Station, Katrain ( Kullualley)
5. Harit Red Fruit IARI Regional Station, Katrai(llu Valley)
6. HC-201 PL-3 IARI Regional Station, Katrain ( KuValley)
7. CWw-308 IARI Regional Station, Katrain ( Kullu N&y)
8. RY.PL-1 IARI Regional Station, Katrain ( Kullualey)
9. PT.12.3 IARI Regional Station, Katrain ( KullaNey)
10. | KC-10 IARI Regional Station, Katrain (Kullu Viay)
11. | KC-11 IARI Regional Station, Katrain (Kullu \lay)
12.. | KC-12 IARI Regional Station, Katrain (Kullu Weay)
13.. | IVR CW IIVR, Varanasi, UP
14. | Nirmal Karol Village Karol, P.O — Kandaghat
15. | Dyarag Selection Village Dyarag, P.O — Ju&unian
16. | Deothi Selection Village Deothi, P.O — Solan
17. | Kadar Selection Village Kadar, P.O — Kandaghat
18. | Ghalai Selection Village Ghalai, P.O — Kandzgh
19. | Tikker Selection Village Tikker, P.O — Solan
20. | YW.PL-4 Department of Vegetable Science, UH&uUN
21. | UHFBP-3 Department of Vegetable Science, UH&ym
22. | UHFBP-5 Department of Vegetable Science, UH&ym
23. | UHFBP-6 Department of Vegetable Science, UH&ym
24. | CW.PL-2 Department of Vegetable Science, UH&UyMI
25. | Solan Bharpur* Department of Vegetable Sciebiéd:, Nauni

Solan Bharpur* = check variety
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The standard cultural practices for raising heattfop of bell pepper were followed
as per the Package of Practices for Vegetable Cpajidished by Directorate of Extension
Education, Dr YS Parmar University of Horticultuend Forestry, Nauni, Solan, HP
(Anonymous, 2014) (Plate-1).

3.4  OBSERVATIONS RECORDED

Data were recorded on five randomly taken plarasfeach plot/treatment and the
average was worked out to record the mean valeadah replication for all the characters

under study. Observations were recorded on follgwimaracters:

3.4.1 Days to first picking
Days taken from transplanting to the first harweste counted for each genotype.
3.4.2 Number of primary branches per plant

Number of primary branches emerging directly frdm tnain stem was counted at
the time of last picking and mean was worked out.

3.4.3 Plant height (cm)

Plant height of five randomly selected plants wasasured from the ground level to
the highest tip of the plant at the end of the csepson and average was worked out and

expressed in centimeters.

3.4.4 Fruit shape (cm)

Fruit shape of each genotype was observed anddet@an point score as described
by Shrivastavat al. (2001) in the Minimal Descriptors of Agri-Hortiltural crops: part Il
Vegetable Crops. National Bureau of Plant GenegsdRrces, Pusa Campus, New Delhi,
(India).

Elongate
Almost round
Triangular
Companulate
Blocky

Others (Specify)

o a0k 0w NP

19



Plate 1: View of experimental field showing different genotvpes of bell pepper



3.4.5 Fruit colour

The colour of the fruits at fresh marketable stages compared with the Royal
Horticultural Society (RHS) colour chart and fruigere classified into different colour

groups accordingly.

3.4.6 Number of lobes per fruit

Number of lobes per fruit of five randomly selecfadts was counted at the blossom
end of the fruits and average was worked out. Bdifruits/ conical fruits were considered as
single lobed.

3.4.7 Fruit length (cm)

Polar distance of five random fruits at second ésting was measured by using
digital Vernier Calliper from the stem end to thedsom end of the fruit and average was
worked out.

3.4.8 Fruit breadth (cm)

The fruits used for recording the length were alsed to measure the fruit breadth.
The measurements were taken from peduncle end,lenafti near apex with a digital
Vernier Calliper. The average of these three values taken as fruit breadth.
3.4.9 Fruit weight (g)

Weight of five randomly taken fruits was summed awkraged to workout fruit
weight.
3.4.10 Pericarp thickness (mm)

Pericarp thickness of five randomly harvested $roit second harvest was measured
after cutting the fruits transversely. Measuremevese done with digital Vernier Calliper in

millimeters and mean value was worked out.

3.4.11 Number of fruits per plant

Total number of marketable fruits from all the hestvon each of five randomly taken
plants were summed and averaged to workout nunflfarits per plant.
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3.4.12 Fruit yield per plant (g)

The total fruit yield obtained from étagged plants in each genotype was divided by

five to get an average fruit yield per plant.

3.4.13 Number of seeds per fruit

Five healthy fruits in each treatment were allotedipe on the plant. Their seeds
were extracted and dried in shade to workout seetber per fruit in each genotype.

3.4.14 Thousand seed weight (g)

Weight of thousand seeds was measured for eachtygendy using electronic
balance.
3.4.15 Total soluble solids (°B)

The fruits which were used for recording length dwedadth were also used to
estimate Total Soluble Solids (TSS) with the hdlpand refractrometer. The fruits were cut
at middle and the extract was dropped on the me@saurface of hand refractrometer and

TSS was recorded as degree Brix value.

3.4.16 Ascorbic acid content (mg/100g)

Ascorbic acid content of fruits was determined as y6-dichlorophenol-indophenol
visual titration method as described by Rangan@B@)L The samples extracted in 3%
metaphosphoric acid solution were titrated with-@&g@hlorophenol-indophe dye to a pink
end point persisting for 15 seconds. The ascodit @ntent was calculated by means of the

following formula:

Titre x Dye factor x Volume made up x 100
mg of ascorbic acid per = —--—-m e m
100 g or 100 mi Aliqudtextract taken x Weight of sample taken
for estimation for estimation

3.4.17 Incidence/Severity of diseases:
Phytophthorafruit rot incidence (%)

The fruit rot incidence was recorded at regulagnvells by adopting following
method:

Number of diseased fruits
Incidence (%F ------------------mm-mmmmmoe ----x 100
Total number of fruits
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Phytophthoraleaf blight severity (%)

Leaf blight severity was recorded by using thedwihg scale adopted by James (1974).

Disease | Percent Disease| Description of Symptoms
Ratings on leaves (%)
1. 0.0 Plants completely healthy with no blight gyams
2. 25.0 Plants show slight infection roughly onewery four
leaves infected ; disease mainly on lower leaves
3. 50.0 Nearly 50% leaves including upper onesciefd, the
plants appear to be blighted
4, 75.0 Nearly 75% of the foliage infected, thenpdaappear to be
Blighted
5. 100.0 Almost all the leaves are infected, plaontapletely
defoliated, leaving behind the main stem.

The percent leaf blight severity was calculatedatiog to McKinney (1923).

Sum of all disease ratings
Leaf blight severity (%) = ----m-mmmmm e o x 100
Totalmber of ratings x maximum disease grade

3.5 STATISTICAL ANALYSIS

The data recorded was analysed by using MS-EX¥@ETAT and SPAR 2.0. The
mean values of each genotype in each replicatioalfdhe traits were subjected to statistical

analysis as per Randomized Complete Block Design.

3.5.1 Analysis of Variance

For working out the analysis of variance, the dea subjected to analysis as per

design suggested by Panse and Sukhatme (2000).

Yij =  ptgrrte
Where,
Yij = Phenotypic observation Bfgenotype grown ifjreplication
U = General population mean
G = Effect of 1" genotype
f =  Effect of {" replication
8 = Error component
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Source of Degree of Sum of Mean Sum of Expected Mean
variation freedom Square Square Sum of Squares
Replication (r) r-1 Sr Sr/(r-1)=Mr oe+qor
Genotypes (g) g-1 Sg Sg/(g-1)=Mg o%e+r0°gy
Error (e) (r-1) (g-1) Se Sel(r-1) (g-1)=Me o’e
Where,
r = Number of replications
g = Number of genotypes
Sr = Sum of squares due to replications
Sg = Sum of squares due to genotypes
Se = Sum of squares due to error
Mr = Mean sum of squares due to replications
Mg = Mean sum of squares due to genotypes
Me = Mean sum of squares due to error
or = Variance due to replications
o’y = Variance due to genotypes
o’e = Error variance

The replication and entries mean sum of square wested against error mean
squares by ‘F’ test for (r-1), (r-1) (g-1) and (g-lr-1) (g-1) degree of freedom at P = 0.05.
The calculated F-value will be compared with tatedaF-value. When F-test will be found

significant, critical difference will be calculated find out the superiority of one genotype

over the others.

The standard error and critical differences willdadéculated as follows:

SE (m) £
SE (d) +
CD (0.05)

Where,

SE(m) £
SE (d) +
CD (0.05)

= v Melr
= N 2Melr

= S.E. (d) X {o.05) (r-1) (g-1) df

= Standard error of mean
= Standard error of difference

Critical difference at 5 per cent levelsainificance
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3.5.2 Mean performance and genetic variability

The Genotypic and Phenotypic Coefficients of Jaligy were calculated as per

formulae given by Burton and De-Vane (1953).

A) Genotypic Coefficient of Variability (GCV)

GCV (%) — \/Genotypic variance (VQg) % 100

General mean of population (x)

B) Phenotypic Coefficient of Variability (PCV)

PCV (%) — \/Phenotypic variance (Vp) % 100

General mean of population (x)
3.5.3 Heritability (in broad sense)

Heritability in broad sense was calculated by tivenula as suggested by Burton and
De vane (1953) and Allard (1960).

\%
Heritability (f26) = V—g x 100
Where,
Vg = Genotypic variance [Vg = (Mg - Me) /1]
Vp = Phenotypic variance [Vg + Ve]

3.5.4 Genetic advance (GA)

The expected genetic advance (GA) resulting frolectien of five per cent superior

individuals was worked out as suggested by AllA&EQ).

GA = Hysp x K
Where,
H = Heritability in broad sense
op = Phenotypic standard deviation
K = 2.06 (Selection differential at 5 per ceatection index)
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3.5.4.1 Genetic gain

Genetic gain expressed as per cent of populati@nnveas calculated by the method
given by Johnsost al.(1955).

, , Geneticadvance
Genetic gain = -
Generalpopuationmean

100

For categorizing the magnitude of different parargtSharma (1994) suggested the

following limits:

PCV and GCV
> 30% - High
15-30% - Moderate
<15% - Low
Heritability (H)
>80% - High
50-80% - Moderate
<50% - Low
Genetic gain (GG)
>50% - High
25-50% - Moderate
<25% - Low

3.5.5 Correlations

The genotypic and phenotypic correlations wereutated as per Al-Jibourt al.
(1958) by using analysis of variance and covarianagix in which total variability split into
replications, genotypes and errors. All the comptsmef variance were estimated from the

analysis of covariance as given below:

3.5.5.1 Analysis of Variance and Covariance

Source of variance Degree of| Mean sum of squares| Mean sum of | Variance
freedom X Y products
Replications (r) r-1
Genotypes (g) g-1 Mg X Mg Y Mg XY = MR | MP1/MP,
Error (e) (r-1) (g-1) | Me X Me Y Me XY = MR
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Genotypic, phenotypic and environmental covariaroetsveen X and Y characters

were worked out as under:

Ve XY = MB
Vg XY = (MP1-MP) / r
Vp XY = Vg XY + Ve XY
Where,
Ve XY = Environmental covariance between X and Y
Vg XY = Genetic covariance between X and Y
Vp XY = Phenotypic covariance between X and Y

3.5.5.2 Coefficients of correlation

a) Genotypic correlation coefficient between X and Y

Co- Vg XY
7 INgXxVgY
Where,
Vg XY = Genotypic covariance between X and Y
Vg X = Genotypic variance of X
VgY = Genotypic variance of Y
b) Phenotypic correlation coefficient between X and Y
Fo= Vp XY
P VP X xVpY
Where,
Vp XY = Phenotypic covariance betwéeand Y
Vp X = Phenotypic variance of X
VpY = Phenotypic variance of Y

Genotypic variance (Vg) = (Mg-Me)/r
Phenotypic variance (Vp) = (Vg + Ve)
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The calculated correlation coefficients (r) valwesre compared with ‘r' tabulated
values as given by Fisher and Yates (1963) at (detyrees of freedom to test their
significance, where ‘n’ denotes number of genotypksalculated ‘r' value at 5 per cent
level of significance was greater than tabulateldievaf ‘r’, the correlation was said to be

significant.
3.5.6 Path coefficient analysis
Path coefficient was obtained according to thecg@dare as suggested by Wright

(1921) and as elaborated by Dewey and Lu (1959).

The following equation wa used for estimating dired indirect effects

y = denote coefficient of correlation between catesztor X and dependent
character Y.

hn =  denote coefficient of correlation among all gibke combinations of causal
factors.

Ry = denote direct effect of charactardpon the character Y.

Residual factor was obtained as follows

PY =] 1-R
n n

Where R = Zl Py +2Y PyPyri
= i

Which is the square of the multiple correlation foeent (R) and is known as
coefficient of determination.
3.5.7 Genetic divergence

The genetic divergence was estimated by MahalaribBi statistics (generalized
distance as suggested by (Rao, 1952) and canamidate analysis. The calculation of D

values involved following steps (Murty and Arunaleaima, 1967).
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I. A set of uncorrelated linear combinations (Y’s) wabtained by pivotal
condensation of the common dispersion matrix (R&52) of a set of correlated
variable (X’s) and this matrix was arranged witke thelp of error mean sum of
square and sum of products.

il. Using the relationship between Y’s and X’s the mealue of different genotypes
for different characters (Xto X 13) were transformed into the mean values of asset
of uncorrelated linear combinations (YY 13).

ii. The ¥ values between™iand ' genotypes for P characters was calculated as

under:

P . .
Dzij= thl(Ylt — Y]t)z

Where
Yit is uncorrelated mean value 8¥genotype for't’ characters
Yjt is uncorrelated mean value 8fgenotype for't’ characters

D%j is D? between' and | accessions.

In all combinations each character was rankeddiasetheir contribution towards
divergence between two entries (di= Yit- Yjt). Rahlks given to the highest mean difference
and rank P to the lowest difference, where, Peddbal number of characters.

I. The ‘P’ component and &for each combination were ranked in descendingroofl
magnitude.
il. The ranks were added up for each componérav@r all combination and the rank

totals were obtained.
3.5.7.1 Group constellation

Varieties were grouped into a number of clustBfsbeing treated as the square of
generalized distance, according to the method thestby Tocher (Rao, 1952). The criterion
used in clustering by this method is that any tveoalypes belonging to the same cluster
should, at least on an average, show a smafleralie than those belonging to two different
clusters. In other words, if variety;\dnd \4 are close together and variety ig distinct from

both shown by this generalized distanceawd \4 from one cluster.

The average’Dvalues of all possible genotypes combinationsrie oluster with
those in the other were computed and its squarewas used to represent the ‘statistical

distance’ between two clusters.
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3.5.7.2 Intra-and cluster genetic distances

For the measure of intra clustef Elues, the following formula was used

2
Intra-and inter cluster’ Z%
N=n(n-1) /2

Where,

> D% is the sum of B values between all possible combinations (N) witahd
between clusters, respectively.

n = number of populations included in a cluster

Intra-and inter cluster genetic distances (d) whamaputed square root of average

intra-and inter cluster Hvaluesi.e., d =vD?
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Chapter-4

RESULTS AND DISCUSSION

The present investigation entitlet§tudies on genetic variability in bell pepper
(Capsicum annuumL.)” was carried out with twenty five diverse genotypésapsicum
collected from different sources, for yield and Igiecontributing traits, including one
standard check variety (Solan Bharpur) at ExpertaleRarm, Department of Vegetable
Science, Dr YS Parmar University of Horticulturedaforestry, Nauni, Solan (HP) during
Kharif season of 2017. It was done with the obyagito ascertain mean performance of
different genotypes over check and to generatenmdtion on the extent of genetic diversity,
association among different traits and direct ardirect effects of component traits on fruit
yield per plant. The experimental results obtairegé presented under the following

subheads:
4.1  Variability Studies
4.1.1 Mean performance of the genotypes
4.1.2 Parameters of variability
4.2  Correlation Studies
4.2.1 Phenotypic correlations
4.2.2 Genotypic correlations
4.3 Path Coefficient Analysis
4.3.1 Direct and indirect effects
4.4  Genetic Divergence Studies
4.1 VARIABILITY STUDIES
4.1.1 Mean performance of genotypes

The analysis of variance indicated highly significdifferences among the genotypes
for all the traits studied, which revealed the ®ise of good deal of variability in the
germplasm. The results on the mean performanch thieagenotypes for various traits under

study has been described as below:



4.1.1.1 Days to first picking

Earliness is one of the major objedive breeding early cultivars and for early
supply of the produce without much competition aetsequently making the crop more
profitable. The data presented in Table 4.1 on the mean peafurenof different genotypes
for days to first picking depicted that genotypasged from 62.00 to 78.67 for days to first
picking with the grand mean of 71.33 days. KC-12&warliest and took minimum days to
first picking (62 days) in comparison to the checkiety, Solan Bharpur (68.33 days).
Whereas maximum days to first picking were recoraedariety Tikker Selection (78.67
days). Early genotypes can be incorporated in lmgegrogrammes to develop early
cultivars in Bell peppelWVide variation for this character was also repbiig Kurubetta and
Patil (2009),Sharmaet al. (2010), Soockt al (2011), Sood and Kumar (2011), Halim and
Islam (2013), Kanwaet al.(2014) and Sharmat al (2018).

4.1.1.2Number of primary branches per plant

Number of primary branches per plaranamportant yield contributing trait, having
a direct effect on yield. The plant having more memof branches results in increased
productivity. Number of primary branches per plaahged between 2.27 to 3.80 (Table
4.1). Comparison of data recorded on number of gmynbranches per plant showed that the
genotype IIVR CW (3.80) had maximum number of pmynhranches, which was found
statistically at par with three genotypes YW.PL3#4{7), KC-11 (3.33) and CW.PL-2 (3.27)
in comparison to check variety, Solan Bharpur (R.6¥hereas minimum number of
primary branches was observed in Kadar Selectia2/j2avhich was found statistically at
par with ten genotypegz.,, Arka Basant (2.40), Deothi Selection (2.53), UB#-6 (2.53),
Harit Red Fruit (2.60), RY.PL-1 (2.60), Nishat (2)p HC-201-PL-3 (2.73), UHFBP-3
(2.73), Yolo Wonder (2.80) and Ghalai SelectiorBQ2. Similar variations for number of
branches per plant had also been reported by Sfetrad (2010), Misraet al. (2011), Datta
and Chakraborty (2013), Datta and Das (2013).

4.1.1.3 Plant height (cm)

Plant height is considered as an important yielatrdauting trait, because it leads to
more number of branches and prolonged harvestidaratltimately resulting in increased
productivity. Plant height also determines the batduration of the crop. In the midhills of

Himachal Pradesh, tall varieties/hybrids are prefeover dwarf. All the genotypes showed
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significant variations for plant height. It rangdm 58.33-107.20 cm (Table 4.1). General
mean for the character was 74.22 cm. Eight genstypeorded higher plant height than
population mean. The comparison of the genotypesated maximum plant height in
recorded in Nishat (107.20 cm) which was signiftgahigher than the check varietyiz,,
Solan Bharpur (61.97 cm), whereas minimum plangtiteivas observed in YW.PL-4 (58.33
cm). The results are in line with the earlier fimgs of Ben-Chaim and Paran (2000),
Bozokalfaet al. (2009), Misraet al. (2011), Datta and Chakraborty (2013), Datta and Das
(2013), Vikramet al.(2014) and Murmwet al (2017).

Table 4.1 Mean performance of bell pepper genotygeor days to first picking, number
of primary branches per plant and plant height (cn)

Genotype Days to first picking| Number of primary Plant height (cm)
branches per plant
Palam Bell 73.33 2.87 93.73
Yolo Wonder 70.67 2.80 68.20
Arka Basant 70.00 2.40 76.73
Nishat 74.00 2.67 107.20
Harit Red Fruit 71.00 2.60 67.67
HC-201-PL-3 66.00 2.73 72.40
CW-308 69.00 3.07 70.53
RY.PL-1 75.00 2.60 68.07
PT.12.3 72.67 2.87 62.80
KC-10 71.33 3.20 70.80
KC-11 69.33 3.33 70.80
KC-12 62.00 3.13 72.07
IVR CW 71.33 3.80 85.00
Nirmal Karol 73.33 3.00 67.93
Dyarag Selection 72.67 2.87 86.80
Deothi Selection 70.00 2.53 72.47
Kadar Selection 78.00 2.27 81.10
Ghalai Selection 70.67 2.80 81.73
Tikker Selection 78.67 3.13 73.87
YW.PL-4 71.67 3.47 58.33
UHFBP-3 70.00 2.73 75.00
UHFBP-5 71.33 3.67 72.73
UHFBP-6 70.67 2.53 69.27
CW.PL-2 72.33 3.27 68.33
Solan Bharpur 68.33 2.60 61.97
Mean 71.33 2.90 74.22
SE (xm) 0.94 0.19 0.56
CD (0.05) 2.67 0.53 1.59
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4.1.1.4 Fruit Shape

Fruit shape is an important charaetbich determines the acceptability in the
market. The standard shape for bell peppers iskplowhich is mostly preferred by the
consumers. The shape of fruit presented in Taldeel.ealed that fruit shape was blocky in
all genotypes except Palam Bell which was cheeapexh The results were in conformity
with those reported by Pradheep and Veeraragavatmat2006) and Datta and Das (2013).

Table 4.2 Fruit shape and fruit colour observed indifferent genotypes of bell pepper
(Capsicum annuuniL.)

Genotype Fruit shape Fruit colour
Palam Bell Cheese Yellow Green Group 145 A
Yolo Wonder Blocky Green Group 137 A
Arka Basant Blocky Yellow Group D
Nishat Blocky Yellow Green Group 146 A
Harit Red Fruit Blocky Green Group 137 A
HC-201-PL-3 Blocky Yellow Green Group 147 A
CW-308 Blocky Green Group 137 B
RY.PL-1 Blocky Yellow Green Group 144 A
PT.12.3 Blocky Yellow Green Group 147 A
KC-10 Blocky Yellow Green Group 146 A
KC-11 Blocky Yellow Green Group 146 A
KC-12 Blocky Green Group 137 A
IIVR CW Blocky Green Group 137 C
Nirmal Karol Blocky Green Group 137 C
Dyarag Selection Blocky Yellow Green Group 146 A
Deothi Selection Blocky Yellow Green Group 146 B
Kadar Selection Blocky Green Group 137 A
Ghalai Selection Blocky Yellow Green Group 146 A
Tikker Selection Blocky Green Group 137 A
YW.PL-4 Blocky Green Group 137 A
UHFBP-3 Blocky Yellow Green Group 146 B
UHFBP-5 Blocky Yellow Green Group 146 B
UHFBP-6 Blocky Yellow Green Group 146 B
CW.PL-2 Blocky Green Group 137 B
Solan Bharpur Blocky Green Group 137 B

33



4.1.1.5 Fruit colour

The colour of the fruit determines thearketable acceptability of bell pepper.
Generally uniform, non blotchy fruits are desirainléhe market. It is evident from the table
4.2 that three colour intensitigg., yellow green group, green group and yellow growgpe
observed. Out of twenty-five genotypes, thirteed lgallow green group, eleven had green
group and only one had yellow group. The greenuwobd the fruit is principally due to the
presence of chlorophyll and to the carotenoidsicalf the chloroplast, such as oxygenated
carotenoids or xanthophylls, violaxanthin, neoxanttand lutein, as well ag-carotene
(Minguez-Mosquera and Hornero-Mendez, 1993). Theselts were in conformity with
those reported by Pradheep and VeeraragavathatR@®6)( Nkansahet al (2011),
Choudharyet al.(2011) and Datta and Das (2013).

4.1.1.6 Number of lobes per fruit

Number of lobes per fruit affects theagé of fruit in bell pepper. Generally a
medium sized, blocky and four lobed fruit is acedpe in the market. Maximum number of
lobes per fruit was recorded in IIVR CW (3.80) whiwas statistically at par with Yolo
Wonder (3.53), YW.PL-4 (3.60) and CW.PL-2 (3.60)amms, the number of lobes recorded
for check variety was 3.27. Minimum number of Iskeer fruit was noticed in UHFBP-3
(2.53) which was statistically at par with sevena@gpes. Variability in number of lobes per
fruit has also been obtained by Chatterjee and iK@0I04), Soocet al. (2009), Sharmat
al. (2010) and Soodt al. (2011).

4.1.1.7 Fruit length (cm)

The perusal of data presented in tabB rdvealed significant variations for fruit
length. Eleven genotypes including check cultivesdpiced longer fruits than population
mean (7.33 cm). Maximum fruit length was recordedhie genotype Arka Basant (9.12 cm)
which was in statistically proximity with Harit Rderuit (8.99 cm). It was statistically and
significantly higher than the check variety SolamaBour (7.34 cm) and minimum fruit length
was observed in Palam Bell (3.93 cm). Ten genotywerse found superior over check
variety. Variability in fruit length has also beebserved by Ben-Chaim and Paran (2000),
Chatterjee and Kohli (2004), Mished al. (2005), Nazirt al. (2005), Nkansalet al. (2011),
Soodet al. (2011), Ahmecet al (2012), Afrozaet al. (2013), Naiket al (2014), Thakuet
al. (2017), Yadahalliet al (2017). The results were comparable to the figsliof the

present investigation.
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Table 4.3 Mean performance of bell pepper genotygefor number of lobes per fruit,
fruit length (cm), fruit breadth (cm) and fruit wei ght (g)

Genotype Number of Fruit length Fruit breadth Fruit

lobes per fruit (cm) (cm) weight ()
Palam Bell 2.67 3.93 5.76 55.70
Yolo Wonder 3.53 7.40 4.58 88.33
Arka Basant 3.40 9.12 5.39 51.33
Nishat 3.40 6.63 5.85 75.00
Harit Red Fruit 3.20 8.99 5.43 57.67
HC-201-PL-3 2.73 6.47 4.56 55.60
CW-308 3.73 8.05 5.69 85.81
RY.PL-1 3.33 7.68 4.96 67.43
PT.12.3 3.20 7.17 5.23 49.67
KC-10 3.27 7.35 5.81 39.33
KC-11 3.13 6.75 5.77 37.00
KC-12 2.87 6.91 5.71 64.00
IIVR CW 3.80 8.49 6.15 79.76
Nirmal Karol 2.80 7.13 5.34 58.19
Dyarag Selection 3.33 6.42 5.95 58.28
Deothi Selection 3.40 7.05 5.54 56.19
Kadar Selection 2.80 7.06 5.53 55.67
Ghalai Selection 2.73 7.27 5.61 62.17
Tikker Selection 2.67 6.91 5.98 59.67
YW.PL-4 3.60 8.59 4.77 76.00
UHFBP-3 2.53 7.69 4.95 67.00
UHFBP-5 2.93 7.31 5.22 52.67
UHFBP-6 2.80 7.19 5.35 55.33
CW.PL-2 3.60 8.43 6.06 77.67
Solan Bharpur 3.27 7.34 5.10 46.67
Mean 3.15 7.33 5.45 61.29
SE (+m) 0.10 0.15 0.17 1.77
CD (0.05) 0.29 0.43 0.48 5.05

4.1.1.8 Fruit breadth (cm)

Comparison of the mean values of different gendypgepicted that thirteen

genotypes had higher fruit breadth than populat@an (5.45 cm). Maximum fruit breadth
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was observed in the genotype [IVR CW (6.15 cm),clvlwas found statistically at par with
nine genotypes, UHFBP-6 (6.06 cm), Tikker Select{r®8 cm), Dyarag Selection (5.95
cm), Nishat (5.85 cm), KC-10 (5.81 cm), KC-11 (56M), Palam Bell (5.76 cm), KC-12
(5.71 cm) and CW-308 (5.69 cm), whereas the fregatdth recorded for the check variety
Solan Bharpur was (5.10 cm). Significantly, miniménnt breadth was recorded in HC-201-
PL-3 (4.56 cm) which was significantly at par withur genotypes, Yolo Wonder (4.58 cm),
YW.PL-4 (4.77 cm), UHFBP-3 (4.95 cm) and RY.PL-19@cm). Similar variations for fruit
breadth had also been reported by Ben-Chatiral (2000), Chatterjee and Kohli (2004),
Nazir et al. (2005), Sharmaet al. (2010), Ahmedet al. (2012) and Pandegt al. (2013),
Yadahalliet al (2017).

4.1.1.9 Fruit weight (g)

Fruit weight is one of the most importahtaracter which has a direct effect on yield
per plant. Under Indian marketing system, mediugedifruits (50-80 g) are generally
preferred. It is evident from Table 4.3 that sigraht differences were observed among all
the genotypes for fruit weight. It ranged from 3¥.t© 88.33 g. General mean for the
character was 61.29 g. Ten genotypes had higheagedruit weight than population mean.
Maximum average fruit weight was recorded in Yolmnler (88.33 g) and it was found
statistically at par with CW-308 (85.81 g), as camga to check variety, Solan Bharpur
(46.67 g). Minimum fruit weight was observed in K@-(37.00 g) and it was statistically at
par with genotypd&C-10 (39.33 g). Similar variations for fruit weighad also been reported
by Ben-Chaim and Paran (2000), Saeidal (2009), Nkansatet al. (2011), Sharmat al
(2010), Ahmeckt al (2012), Kumari (2013), Thaket al (2017).

4.1.1.10 Pericarp thickness (mm)

Pericarp thickness is a very impdrtararacter which decides the firmness of fruit.
Thick fleshed bell pepper can withstand long shmpgpiistance. The observation recorded on
pericarp thickness (Table 4.4) revealed that mawinpericarp thickness (6.41 mm) was
obtained in RY.PL-1, which was followed close te thmeels by Harit Red Fruit (6.21 mm).
The recorded pericarp thickness of check variepjars Bharpur was 4.66 mm. Minimum
pericarp thickness was recorded in Kadar Selecf®87 mm). Variability in pericarp
thickness has also been obtained by Ben-Chaim amdnP(2000), Sooet al. (2009),
Sharmeet al (2010), Nkanshaht al. (2011), Sooet al (2011), Yadahallet al (2017).
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4.1.1.11 Number of fruits per plant

Number of fruits per plant is the most importanimgmnent trait, which is directly
related with increased fruit yield per plafithe perusal of the data revealed that fourteen
genotypes including check cultivar recorded highember of fruits per plant than the
population mean (12.54). For number of fruits panpcheck variety, Solan Bharpur (18.20)
maintained its superiority over all other genotypgdsmimum number of fruits per plant were
observed in genotype RY.PL-1 (6.73he results were in line with the findings of Mialat
al. (2005), Soockt al (2009), Nkansalet al (2011), Soocet al (2011), Ahmedet al
(2012), Kumari (2013), Naikt al (2014).

4.1.1.12 Fruit yield per plant (g)

The main focus of cultivating a criggo have the maximum yield per unit area for
better returns. Moreover, high fruit yield is tHémate goal of any breeding program; hence,
it requires the highest consideration. It is thg kactor in adaptation of variety by farmers.
The observation recorded for fruit yield per plahbwed significant variation among various
genotypes under study. Thirteen genotypes includimgck cultivar recorded higher fruit
yield per plant than the population mean. Maximuuit fyield per plant wasecorded in the
genotype CW-308 (1015.03 g) and it was found diedily at par with genotype IIVR CW
(978.77 g), whereas the recorded fruit yield panpfor check variety, Solan Bharpur was
(852.40 g). Minimum fruit yield per plant was obgsd in RY.PL-1 (455.18 g) and it was
found statistically at par with two genotypeg., UHFBP-3 (544 g) and KC-11 (545 Q).
Amongst all the genotypes under study, five geredypz.., Tikker Selection (854.80 g),
Harit Red Fruit (878.27 g), Dyarag Selection (880, IIVR CW (978.77 g) and CW-308
(1015.03 g) were found superior over check cultiSatan Bharpur (852.40) for marketable
fruit yield per plant. Similar variations for fruytield per plant (g) in different genotypes of
capsicum had also been reported by earlier wotker<hatterjee and Kohli (2004), Mishra
et al. (2005), Naziret al (2005), Soocet al. (2009), Sharmat al (2010), Afrozaet al
(2013), Kumari (2013), Pandey al (2013) and Thakuwet al (2017).

4.1.1.13 Number of seeds per fruit

Perusal of table 4.5 revealed that number of speddruit ranged from 126.53 to
302.60. The mean performance depicted maximum numbeeeds per fruit in KC-11
(302.60). The minimum value for number of seeds foeit was recorded in RY.PL-1
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(126.53), which was statistically at par with twengtypes Kadar Selection (126.93) and

PT.12.3 (133.47). The check variety, Solan Bharpaorded 191.27 seeds. The grand mean
of the population was 202.27 seeds. Similar vanetifor number of seeds per fruit had also

been reported by Nkansahal (2011) and Nailet al (2014).

Table 4.4 Mean performance of bell pepper genotygefor pericarp thickness (mm),
number of fruits per plant, fruit yield per plant ( g)

Genotype Pericarp thickness Number of fruits Fruit yield per
(mm) per plant plant (g)

Palam Bell 5.81 13.27 744.12
Yolo Wonder 5.69 8.60 760.60
Arka Basant 5.16 12.47 643.07
Nishat 4.62 8.73 659.00
Harit Red Fruit 6.21 15.13 878.27
HC-201-PL-3 4.20 13.13 734.56
CW-308 4.38 11.80 1,015.03
RY.PL-1 6.41 6.73 455.18
PT.12.3 4.60 14.80 737.87
KC-10 4.23 14.93 588.00
KC-11 5.05 14.67 545.00
KC-12 5.21 11.47 731.27
IIVR CW 5.67 12.27 978.77
Nirmal Karol 4.77 13.87 811.69
Dyarag Selection 4.40 15.40 880.56
Deothi Selection 4.56 14.27 803.31
Kadar Selection 3.87 13.67 761.00
Ghalai Selection 5.21 13.20 821.22
Tikker Selection 4.62 14.27 854.80
YW.PL-4 5.31 10.27 781.20
UHFBP-3 4.44 8.13 544.00
UHFBP-5 4.68 10.87 574.13
UHFBP-6 4.76 14.00 774.67
CW.PL-2 4.80 9.40 732.60
Solan Bharpur 4.66 18.20 852.40
Mean 4.93 12.54 746.49
SE (xm) 0.18 0.46 40.57
CD (0.05) 0.51 1.32 115.71
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Table 4.5 Mean performance of bell pepper genotygefor number of seeds per fruit
and thousand seed weight (g)

Genotype Number of seeds per fruit Thousand seed wét (g)
Palam Bell 154.93 9.65
Yolo Wonder 246.40 7.62
Arka Basant 188.73 7.93
Nishat 240.93 6.53
Harit Red Fruit 246.33 7.26
HC-201-PL-3 203.60 6.50
CW-308 191.73 7.79
RY.PL-1 126.53 9.29
PT.12.3 133.47 7.20
KC-10 204.13 8.16
KC-11 302.60 7.58
KC-12 174.13 5.70
IIVR CW 190.87 5.37
Nirmal Karol 246.67 7.58
Dyarag Selection 216.20 6.50
Deothi Selection 227.07 6.49
Kadar Selection 126.93 6.87
Ghalai Selection 193.60 6.04
Tikker Selection 172.33 6.66
YW.PL-4 260.80 5.71
UHFBP-3 194.20 4.79
UHFBP-5 179.93 6.26
UHFBP-6 186.60 7.13
CW.PL-2 256.73 7.74
Solan Bharpur 191.27 5.74
Mean 202.27 6.96
SE (xm) 9.66 0.18
CD (0.05) 27.54 0.52

4.1.1.14 Thousand seed weight (g)

The data obtained on thousand seed weight (g) shewmificant variation among
the divergent genotypes. It ranged from 4.79 tb Q6 The mean performance depicted
maximum thousand seed weight in genotype Palam @efi5 g) which maintained its

superiority over all other genotypes including dheariety, Solan Bharpur (5.74 g). The
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minimum value for thousand seed weight was recorded/HFBP-3 (4.79 g). Similar
variations for thousand seed weight had also beparted by Chatterjee and Kohli (2001),
Mishraet al.(2002) and Ghazizadedt al.(2010)

4.1.1.15 Total Soluble Solids’B)

Total Soluble Solids content is als® @f the most important quality parameters in
the processing industry. The observation recordethis trait showed significant variations
among all the genotypes for total soluble solidstent (4.20-8.20B). Significantly higher
total soluble solids were observed in the geno@pé.PL-2 (8.20°B) while minimum total
soluble solids were observed in PT.12.3 (4B)) whereas total soluble solids observed for
check cultivar Solan Bharpur were (5.63). In oVeffiéiteen genotypes were found superior
over check cultivar Solan Bharpur (5.83) for the trait under study. Nait al. (2010) and

Swamyet al.(2015) had also similar results for total soluléds content in capsicum.

4.1.1.16 Ascorbic acid content (mg/1009)

Ascorbic acid is the major componehthe nutritional quality in capsicum. In the
present studies, ascorbic acid content ranged 6400 to 171.38 mg/ 100g. Maximum
ascorbic acid was observed in the genotype IIVR CM1.38 mg/ 100g), which was
significantly higher than all other genotypes undéundy. Minimum ascorbic acid was
observed in HC-201-PL-3 (104 mg/ 100 g) which wasistically at par with Harit Red Fruit
(104.50 mg/ 100g). In the present studies, sevantgpesviz., CW.PL-2 (145.26 mg/ 100g),
KC- 11 (145.26 mg/ 100g), KC-10 (146.30 mg/ 1004)ka Basant (146.30 mg/ 100g),
Palam Bell (147.35 mg/ 100g), CW-308 (149.44 m@d)and IIVR CW (171.38 mg/ 100g)
were found better than check cultivar Solan Bhar{i41.08 mg/ 100g) for ascorbic acid
content in the fruits. The results of present fimgd for ascorbic acid content in capsicum
fruits are in line with Choudharmst al. (2011), Datta and Chakraborty (2013), Datta and Das
(2013), Vikramet al.(2014) and Swamgt al. (2015).

4.1.1.17Phytopthorafruit rot incidence (%)

Phytopthordruit rot is one of the most destructive diseasassing huge losses to
capsicum crop particularly during rainy season. Doiegrowing environmental concerns
breeding for resistance varieties is an approachhio effective management of the disease.
There is need to screen different genotypes oficapshaving resistance thytophthora
fruit rot disease. In the present studies, perokdhta in table 4.7 revealed tHitytopthora
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fruit rot incidence among different capsicum gepety ranged from 10.09-29.65%.
Minimum Phytopthorafruit rot incidence was recorded in the genotypgafag Selection
(10.09%). These findings are in agreement with Kiuiaad Sharma (2014) fd?hytopthora
fruit rot in different capsicum genotypes.

Table 4.6 Mean performance of bell pepper genotypdsr total soluble solids {B) and
ascorbic acid content (mg/100g)

Genotype Total soluble solids’B) Ascorbic acid (mg/ 1009)
Palam Bell 6.00 147.35
Yolo Wonder 6.03 131.67
Arka Basant 5.07 146.30
Nishat 6.00 123.31
Harit Red Fruit 6.00 104.50
HC-201-PL-3 6.10 104.00
CW-308 6.00 149.44
RY.PL-1 5.00 126.45
PT.12.3 4.20 141.08
KC-10 6.10 146.30
KC-11 6.00 145.26
KC-12 5.90 127.49
IIVR CW 5.13 171.38
Nirmal Karol 5.00 130.63
Dyarag Selection 6.07 140.03
Deothi Selection 5.93 113.91
Kadar Selection 6.00 112.86
Ghalai Selection 5.13 137.94
Tikker Selection 5.03 131.67
YW.PL-4 5.23 134.81
UHFBP-3 6.07 138.99
UHFBP-5 5.37 112.86
UHFBP-6 5.80 129.58
CW.PL-2 8.20 145.26
Solan Bharpur 5.63 141.08
Mean 5.72 133.37
SE (£m) 0.13 3.74
CD (0.05) 0.36 10.65
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Solan Bharpur (Check variety)

Plate 2: Top six promising genotvpes of bell pepper



4.1.1.16Phytophthoraleaf blight severity

The data recorded Bhytophthoraeaf blight severity has been presented in (Table
4.7), which revealed thaPhytopthora leaf blight severity among different capsicum
genotypes under study ranged from 21.33 to 39.3BHaimum leaf blight severity in
genotype; PT.12.2(.33%0) and was statistically at par with nine genotydekker Selection
(21.78%), check variety Solan Bharpu2(226), Nirmal Karol 2.226), HC-201-PL-3
(22.6®4), Ghalai Selection2@.12%6), Dyarag Selection24.44%, UHFBP-5 £5.33%), Yolo
Wonder@5.78%), Deothi Selection26.67%.

Table 4.7 Mean performance of bell pepper genotype$or Phytophthora fruit rot

incidence (%) andPhytophthoraleaf blight severity (%)

Phytophthorafruit rot Phytophthoraleaf blight

Genotypes >;ncFi)dence (%)* ’ sl?everity (%)* )
Palam Bell 16.88 (4.23) 28.89 (5.47)
Yolo Wonder 18.01 (4.35) 25.78 (5.17)
Arka Basant 20.10 (4.59) 29.78 (5.55)
Nishat 19.84 (4.56) 37.33 (6.16)
Harit Red Fruit 21.50 (4.74) 26.67 5.25)
HC-201-PL-3 23.37 (4.94) 22.67 (4.86)
CW-308 14.52 (3.94) 28.45 (5.42)
RY.PL-1 12.65 (3.69) 28.00 (5.38)
PT.12.3 26.36 (5.22) 21.33 (4.72)
KC-10 29.65 (5.52) 30.95 (5.64)
KC-11 25.96 (5.19) 32.00 (5.75)
KC-12 17.20 (4.26) 27.56 (5.34)
IIVR CW 15.78 (4.08) 28.00 (5.38)
Nirmal Karol 13.80 (3.84) 22.22 (4.82)
Dyarag Selection 10.09 (3.32) 24.44 (5.03)
Deothi Selection 16.59 (4.18) 26.67 (5.24)
Kadar Selection 17.56 (4.30) 39.33 (6.33)
Ghalai Selection 15.35 (4.03) 23.11 (4.91)
Tikker Selection 10.86 (3.44) 21.78 (4.77)
YW.PL-4 14.85 (3.96) 27.11 (5.30)
UHFBP-3 20.75 (4.65) 28.00 (5.37)
UHFBP-5 21.52 (4.74) 25.33 (5.13)
UHFBP-6 18.93 (4.43) 24.00 (5.00)
CW.PL-2 17.37 (4.28) 27.11 (5.30)
Solan Bharpur 13.29 (3.77) 22.22 (4.81)
Mean 4.33 5.28
SE (xm) 0.19 0.18
CD (0.05) 0.54 0.52

*Figures in the parenthesis are square root tramsfd values.
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Whereas, maximum Phytophthora leaf blight sevextsts recorded in Kadar
Selection 9.33%), which was statistically at par with KC-11 (32%hese findings are in
agreement with Kumari and Sharma (2014) Rbwtopthoraleaf blight severity in different

capsicum genotypes.

4.1.2 Parameters of variability

The analysis of variance (ANNOVA) and the compuatatof genotypic coefficient of
variance (GCV), phenotypic coefficient of varian@@CV), heritability (in broad sense),
genetic advance and genetic gain was statisticatiyked out to facilitate selection for

various traits, have been represented in Table 4.8.

4.1.2.1 Coefficients of variability

To initiate any breeding programmdoimation about the genetic variability in the
population is a pre requisite. Measure of genotgpid phenotypic coefficients of variation is
useful in detecting the amount of variability preisén the germplasm. Presence of high
variability offers much scope for improvement améleles the breeders to identify the most
potential genotype. As the phenotypic variatiothis outcome of genotypic, environmental
and interaction between genotypic and environmesaiahtion, so it is not useful in effective
selection. For making effective selections, theitélele uniti.e., the genetic variation
specifically additive genetic variability presemt population is adopted by breeders for
improvement of different economic traits. In theegent investigation, phenotypic
coefficients of variability were higher in magnieidhan the corresponding genotypic
coefficients of variability, though the differeneas less in majority of cases thus, indicating
that environmental factors have played less infteeon the expression of these characters.
Coefficients of variation varied in magnitude inaling that there was a great diversity in the
experimental material under study. Similar reswkse also reported by Sharma and Sharma
(2006).

Perusal of Table 4.8 revealed that enaid phenotypic and genotypic coefficients of
variation were observed for number of seeds (22.d80d 21.14%) followed by number of
fruits per plant (22.31% and 21.37%), fruit wei@gh2.00% and 21.42%), fruit yield per plant
(19.70% and 17.31%) and thousand seed weight (%68t 16.32%). These results are also
in confirmation with earlier workers like Chattegjeand Kohli (2004), Islam and Singh
(2006), Johri and Kumar (2007) and Shaenal.(2010)
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Table :4.8 Estimation of parameters of variabilityin bell pepper (Capsicum annuuntlL.) for various traits

Characters Range Mean Coefficients of variability .(%) Heritability Genetic ngetic
Phenotypic Genotypic (%) advance gain (%)

Days to first picking 62.00 - 78.67 71.33 5.07 4.54 79.94 5.96 8.35
Number of primary branches  2.27 - 3.80 2.90 15.11 10.77 50.87 0.46 15.83
Plant height (cm) 58.33 - 107.20 74.22 14.20 14.15 99.16 21.54 29.02
Number of lobes per fruit 2.53-3.80 3.15 12.61 11.31 80.49 0.66 20.90
Fruit length (cm) 3.93-9.12 7.33 14.33 13.87 93.7 2.03 27.66
Fruit breadth (cm) 4.56 - 6.15 5.45 9.30 7.59 66.52 0.70 12.75
Fruit weight (g) 37.00 - 88.33 61.29 22.00 21.42 .8924 26.33 42.96
Pericarp thickness (mm) 3.87-6.41 4.93 13.86 7n2.3 79.71 1.12 22.75
Number of fruits per plant 6.73 -18.20 12.54 22.31 21.37 91.74 5.29 42.16
Number of seeds per fruits 126.53-302.60 202.2 7@2. 21.14 86.73 82.05 40.56
Thousand seed weight (Q) 4.79-9.65 6.96) 16.95 3216. 92.80 2.26 32.39
Total soluble solids’B) 4.20 - 8.20 5.72 13.07 12.49 91.25 1.41 24.57
Ascorbic acid (mg/ 100g) 104.00 - 171.38 133.3 312. 11.38 84.62 28.75 21.56
Yield per plant (g) 455.18 -1015.03 746.49 19.70 17.31 77.18 233.82 31.32
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Moderate phenotypic coefficient of variation and/Igenotypic coefficient of variation were
recorded for number of primary branches (15.11% &0d77%). Low phenotypic and
genotypic coefficients of variations were obserf@dmost of the charactewsz., days to first
picking (5.07% and 4.54%), fruit breadth (9.30% &r60%), ascorbic acid content (12.37%
and 11.38%), number of lobes per fruit (12.61% ahdB1%), total soluble solids (13.07%
and 12.49%), pericarp thickness (13.86% and 12.3plaht height (14.20% and 14.15%)
and fruit length (14.33% and 13.87%). Some of thresalts were in confirmation with Sood
et al.(2011), Ahmeckt al.(2012), Afrozeet al.(2013) and Pandest al.(2013).

4.1.2.2 Heritability

Heritability is the portion of phenotypic variatiavhich is transmitted from parent to
progeny. Higher the heritable variation, greatdt la@ the possibility of fixing the characters
by selection. Hence, heritable studies are of fanmmportance to judge whether the
observed variation for a particular character i® do genotype or due to environment.
Johnsonet al (1995) stated that heritability estimates togethéh the genetic advance

provides better response during selection tharedhthe parameters alone.

Estimates of heritability (broad sense) were alsoked out in the present studies and
have been presented in table 4.8. The range dhb#ity was observed frorf0.87to 99.16
per cent. In the present study, high heritabilitgswexhibited by all characters. Highest
heritability was recorded for plant height (99.1684l)owed by fruit weight (94.82%), fruit
length (93.72%), thousand seed weight (92.80%),bmurof fruits per plant (91.74%), total
soluble solids (91.25%), number of seeds per f{@@ 73%), ascorbic acid (84.62%) and
number of lobes per fruit (80.49%). However, chaeviz., days to first picking (79.94%),
pericarp thickness (79.71%), yield per plant (7%)8fruit breadth (66.52%) and number of
primary branches (50.87%), showed moderate heittaldihe results are in consonance with
the findings of Chatterjee and Kohli (2004), Misletaal. (2005), Naziret al. (2005), Islam
and Singh (2006), Sharma and Sharma (2006), Shatna& (2010), Soodet al. (2011),
Ahmedet al.(2012), Afrozaet al.(2013) and Pandest al.(2013).

4.1.2.3 Genetic gain

Genetic advance expressed as per ¢gupulation mean (genetic gain) was low to
high for various characters studied. It ranged fB0B%6 t042.96% (Table 4.8). It was found

moderate for the charactanz., fruit weight (42.96%) followed by number of ftsiiper plant
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(42.16), number of seeds per fruits (40.56%), thadsseed weight (32.39%), yield per plant
(31.32%), plant height (29.02%)and fruit length.@5P6).

Lowest genetic gain of 8.35 per cent was obsemethys to first picking followed by
fruit breadth (12.75%), number of lobes per fr@0.00%), ascorbic acid content (21.56%),
pericarp thickness (22.75%) and total soluble soli@4.57%). Similar results were also
reported by Mishrat al. (2005), Islam and Singh (2006) and Ahnetdhl. (2012). for some

of the traits.

High heritability coupled with moderate genetic gavas found for the traits like
plant height (99.16% and 29.02%), fruit weight @%6 and 42.96%), fruit length (93.72%
and 27.66%), thousand seed weight (92.80% and %3,38umber of fruits per plant
(91.74% and 42.16%) and number of seeds per 86i78% and 40.56%), which indicates
that these characters were under the strong irfeiehadditive gene action and hence simple
selection based on phenotypic performance of thests would be more effective. High
heritability along with low genetic gain was receddfor the characters like number of lobes
per fruit (80.49% and 20.90%), ascorbic acid con(84.62% and 21.56%) and total soluble
solids (91.25% and 24.57%) whereas moderate haitiyaddong with low genetic gain was
recorded for the characters like number of primlargnches (50.87% and 15.83%), fruit
breadth (66.52% and 12.75%), fruit yield per plgiht.18% and 31.32%), pericarp thickness
(79.71% and 22.75%) and days to first picking (4%9and 8.35%), which indicated that
these traits are strongly governed by non addigeree effects. The improvement in these
traits can be achieved by partitioning the geneticgance further and making selection for
suitable types in segregating generations. Islath @ingh (2006), Sooét al. (2009) and

Sharmeet al.(2010) also reported similar results for some efttiits.

4.2. CORRELATION STUDIES

Knowledge of degree of associationyedld with its components is of great
importance, because yield is not an independentactea, but it is the resultant of the
interactions of a number of component charactersngnthemselves as well as with the
environment in which the plant grow. Further, eatlaracter is likely to be modified by
action of genes present in the genotypes of platitaéso by the environment and it becomes
difficult to evaluate this complex character ditgcTherefore, correlation study of yield with
its component traits has been executed, to findreuyield contributing traits.
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The correlation coefficients among ttiéferent characters were worked out at
phenotypic and genotypic levels. In general, thaoggic correlation coefficients were
higher in magnitude than phenotypic correlationfiecients.

The correlation coefficients among feen characters showed that fruit yield per
plant had positive and significant association wittmber of fruits per plant (0.421 and
0.459), fruit weight (0.370 and 0.342), fruit brdad0.339 and 0.211), number of lobes per
fruit (0.273 and 0.244) and number of primary bresc(0.229 and 0.133), whereas it was
negative and significantly correlated with thousaedd weight (-0.254 and -0.226).

Besides this, significant positive ctation of fruit weight was observed with number
of primary branches (0.283 and 0.198), number lés$oper fruit (0.482 and 0.431) and fruit
length (0.292 and 0.281). Significant positive etation of plant height was observed with
days to first picking (0.256 and 0.232). Numberlafes per fruit were significantly and
positively correlated with number of primary braash(0.364 and 0.235). Fruit length was
significantly and positively correlated with numbef lobes per fruits (0.545 and 0.488)
whereas, it had significant negative correlatiomhwilant height (-0.468 and -0.450). Fruit
breadth was significantly and positively correlatedh days to first picking (0.267 and
0.169), number of primary branches (0.457 and 0,283 plant height (0.536 and 0.430).
Pericarp thickness was significantly and positivadyrelated with number of lobes per plant
(0.248 and 0.175) and fruit weight (0.275 and 0)245

Number of fruits per plants were sigrafitly and positively correlated with fruit
breadth (0.288 and 0.203) whereas it had signifioegative correlation with fruit weight (-
0.696 and -0.639) and pericarp thickness (-0.32B-@r277). Number of seeds per frwiere
significantly and positively correlated with number primary branches (0.432 and 0.219),
number of lobes per fruit (0.329 and 0.314) and famngth (0.229 and 0.207) whereas it had
significant negative correlation with days to fiptking (-0.258 and -0.189Thousand seed
weight was significantly and positively correlat®dh days to first picking (0.327 and 0.257)
and pericarp thickness (0.334 and 0.319) wherdaaditsignificant negative correlation with
number of primary branches (-0.274 and -0.100) famdtl length (-0.261 and -0.256). Total
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Table 4.9 Genotypic and Phenotypic coefficients abrrelation among different characters in bell pepr (Capsicum annuuml.)

Characters DTFP NPB PH NLPF | FL FB FW PT NFPP NSPF TSW TSS AA
NPB G| -0.103
P| -0.146
PH G| 0.256 -0.101
P| 0232 | -0.079
NLPF G| -0.068 0.364 | -0.114
P | -0.040 0.235 | -0.094
FL G| -0.104 0.157 | -0.468| 0.545
P| -0.069 0.064 | -0.450 0.488
FB G| 0.267 0.457 | 0.536 | 0.151 | -0.119
P| 0169 | 0.233 | 0.430 | 0.118 | -0.110
FW G| 0.043 0.283 | 0.119 | 0.482 | 0.292 | -0.063
P| o0.011 0.198 | 0.121 | 0.431 | 0.281 | -0.057
PT G| -0.016 0.147 -0.064 0.248/ 0.175 -0.115 0.275
P| -0.049 0.132| -0.046 0.179 0.130 | -0.088 0.245
NFPP G| -0.058 -0.100 | -0.143 -0.18% -0.196 0.288 -0.696 | -0.323
P | -0.060 -0.072| -0.1332 -0.158 -0.183 0.208 -0.639 | -0.277
NSPF G| -0.258 | 0.432 | -0.104 | 0.329 | 0.229 0.027 0.119 0.064 -0.001
P| -0189 | 0.219 | -0.089 | 0.314 | 0.207 0.051 0.103 0.041 -0.011
TSW G| 0.327 | -0.274 | 0.026 | 0.096| -0.261| 0.097 -0.130 0.334 | -0.056 -0.126
P| 0257 | -0.100 | 0.027 | 0.074| -0.256| 0.045 -0.121 0.319 | -0.061 -0.131
TSS G| -0.179 0.037 0.116| 0.138 -0.037 0.246 0.208 -0.200 -0.169 0.424 | 0.101
P| -0.143 | -0.017 | 0.117 | 0.134 | -0.030 | 0.224 0.197 -0.138 -0.165 0.388 0.079
AA G| 0.009 | 0.638 0.090 | 0.412 | 0.080 | 0.503 | 0.163 0.100 0.028 0.010 0.075 -0.064
P| -0.034 | 0.466 0.090 | 0.329 | 0.085 | 0.332 0.157 0.128 0.021 0.036 0.056 -0.035
FYPP G| -0.003| 0.229 0.011 | 0.273 | 0.103 | 0.339 0.370 -0.080 0.421 0.067 -0.254 -0.022 0.190
P | -0.053 0.133 | 0.024 | 0.244 | 0.103 | 0.211 0.342 -0.047 0.459 0.038 -0.226 -0.018 0.169

* Significance at 5% level of significance

Where,

DTFP- days to first picking, NPB- number of primdmanches, PH- plant height (cm), NLPF- numbermbgk per fruit FL- fruit length (cm), FB- fruit tadth (cm), FW-
fruit weight (g), PT-pericarp thickness (mm), NFRRxmber of fruits per plant, NSPF- number of sgeeisfruit, TSW- thousand seed weight (g), TSS-Itetduble solids
(°B), AA- ascorbic acid content (mg/100 g) and FYRHBit yield per plant (g)
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soluble solids were significantly and positivelyrredated with fruit breadth (0.246 and
0.224) and number of seeds per fruit (0.424 and8).3Ascorbic acid content was
significantly and positively correlated with number primary branches (0.638 and 0.466),
number of lobes per fruit (0.412and 0.329) andt foueadth (0.503 and 0.332). Rest of trait
combinations had non-significant genotypic and plygric correlation coefficient. The
present investigation is in the confirmation withiyd et al. (2000), Kohli and Chatterjee
(2000), Ibrahimet al (2001), Mishraet al (2002), Sreelathakumary and Rajamony (2002),
Bindal et al. (2005), Smitha and Basavaraja (2006), Bharadtal (2007), Soockt al.
(2007), Madosat al.(2008), Madosat al.(2010), Sharmat al.(2010), Soocket al. (2011),
Lahbibet al.(2012), Afrozaet al.(2013) and Kumari (2013).

Based on correlation coefficients, it nieyconcluded that number of fruits per plant,
fruit length, fruit breadth, number of primary bciies and number of lobes were main fruit
yield contributing characters which should be cdesed during selection for improving fruit
yield per plant.

4.3. PATH COEFFICIENT ANALYSIS

Although correlation studies are helpful in detarimg the components of yield, but it
does not provide a clear picture of nature andnéxté contributions made by number of
independent traits. Path coefficient analysis daliby Dewey and Lu (1959), however,
provides a realistic basis for allocation of appraie weightage to various attributes while
designing a pragmatic programme for the improvenoényield. Path coefficient analysis
depicts the effects of different independent characindividually and in combination with
other characters on the expression of differentagitars on yield. The observed correlation
coefficients of yield with its contributing traiteere partitioned into direct and indirect
effects. Path coefficient analysis provides anatffe means of a critical examination of
specific force action to produce a given correlatamd measure the relative importance of
each factor. In this analysis, green fruit yield pent was taken as dependant variable and
rest of the characters were considered as independeiables. The results obtained have
been presented in Table 4.10.

The path coefficient analysis at genotypic levelvgimg the direct and indirect effects

of significant characters over marketable fruitlgiger plant have been represented in
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Table 4.10Estimates of direct and indirect effects of differat traits on yield of bell pepper Capsicum annuuni.)

Characters | DTFP| NPB| PH | NLPF| FL | FB | FW | PT | NFPP| NSPF[ TSW]| TSS | AA [ rgwith
FYPP
DTFP -0.118| 0.005 | -0.029 0.009 -0.002 0.089 0.059 0.d01 -0.068004| 0.019| 0.037 -0.001 -0.003
NPB 0.012 | -0.046| 0.011 | -0.050 0.004 0.151 0.386 -0.008 -0.118 0.003.016| -0.008 -0.096 0.229
PH -0.030| 0.005| -0.105| 0.016 | -0.0100 0.177 0.162 0.003 -0.169 -0.002 0.060.024| -0.013 0.011
NLPF 0.008 | -0.017| 0.017 -0.138| 0.012 | 0.050| 0.657 -0.018 -0.218 0.006 0.005 -0.02W062| -0.273
FL 0.012 | -0.007] 0.049 -0.07| 0.022 | -0.040| 0.398| -0.009 -0.232 0.004 -0.015 0.008 9.[010.103
FB -0.032| -0.021] -0.056 -0.021 -0.0¢ 0.331|-0.086| 0.007| 0.340 0.000 0.006 -0.051 -0.075 0.339
FW -0.005| -0.013 -0.012 -0.066 0.006 -0.0 1.362|-0.015| -0.822] 0.002 -0.007 -0.043 -0.024 0.342
PT 0.002 | -0.008 0.007 -0.034 0.004 -0.088 0.3 -0.053|-0.382| 0.001| 0.019 0.042 -0.015 -0.080
NFPP 0.007 | 0.005| 0.01§ 0.025 -0.004 0.085 -0.948 0. 1.182 | 0.000 | -0.003 0.034 -0.004 0.421
NSPF 0.030 | -0.020 0.011 -0.045 0.005 0.0p9 0.162 -0,0aR001| 0.016 | -0.007 | -0.088 -0.002 0.067
TSW -0.039| 0.013| -0.003 -0.018 -0.006 0.082 -0.177 1®,0-0.066| -0.002 0.057 | -0.021| -0.011] -0.254
TSS 0.021 | -0.002 -0.012 -0.019 -0.001 0.081 0.283 0.p¥.199| 0.007| 0.00€ -0.208| 0.010 | -0.022
AA -0.001| -0.029 -0.009 -0.057 0.002 0.167 0.223 HO®.033| 0.000] 0.004 0.012-0.150| 0.190

rg = genotypic correlation coefficient
Diagonal figures represent the direct effect
Residual effect: = 0.003

* Significance at 5% level of significance

Where,

DTFP- days to first picking, NPB- number of primdmanches, PH- plant height (cm),NLPF- number bebper fruit FL- fruit length (cm),
FB- fruit breadth (cm), FW- fruit weight (g), PT4pearp thickness (mm), NFPP- number of fruits pnp NSPF- number of seeds per fruit,
TSW- thousand seed weight (g), TSS- total solublels (B), AA- ascorbic acid content (mg/100 g) and FYR®it vield per plant (g)
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Table 4.10The data revealed that fruit weight (1.362) had maximum pesidirect effect on
fruit yield per plant followed by number of fruigger plant (1.182), fruit breadth (0.331),
thousand seed weight (0.057), fruit length (0.022% number of seeds per fruit (0.016).
While, the maximum negative direct effect on fryigld was recorded by total soluble solids
(-0.208) followed by ascorbic acid (-0.150), numbétobes per fruit (-0.138), days to first
picking (-0.118), plant height (-0.105), pericaipckness (-0.053) and number of primary
branches (-0.046).

Number of lobes per fruit (0.657) folled by fruit length (0.398), number of primary
branches (0.386), pericarp thickness (0.375), tetdlble solids (0.283), ascorbic acid
(0.223), plant height (0.162), number of seeds fpat (0.162) and days to first picking
exerted (0.059) maximum positive indirect effectvaods yieldvia fruit weight. Fruit
breadth (0.340) followed by ascorbic acid (0.03&reed maximum positive indirect effect
towards yieldvia number of fruits per plant. Plant height (0.177jdi@ed by ascorbic acid
(0.167), number of primary branches (0.151), nunabdruits per plant (0.095), days to first
picking (0.089), total soluble solids (0.081), nianbf lobes per fruit (0.050), thousand seed
weight (0.032) and number of seeds per fruit (0)0&8rted maximum positive indirect
effect towards yieldvia fruit breadth. Days to first picking (0.019) andriparp thickness
(0.019) followed by total soluble solids and froieadth (0.006), number of lobes per fruit
(0.005), ascorbic acid (0.004), and plant heigdi001) exerted maximum positive indirect
effects towards yield vithousand seed weight. Number of lobes per fruitl(®) followed by
fruit weight (0.006), number of seeds per fruitO@), number of primary branches and
pericarp thickness (0.004) and ascorbic acid (Q.8@2rted maximum positive indirect effect
towards yieldvia fruit length. Number of primary branches and ta@aluble solids (0.007)
followed by number of lobes per fruit (0.006),ifrlength (0.004), fruit weight (0.002) and
pericarp thickness (0.001) exerted maximum positid&ect effect towards yieldia number

of seeds per fruit.

Number of seeds per fruit (-0.088)dualed by fruit breadth (-0.051), fruit weight (-
0.043), number of lobes per fruit (-0.029), plaeight (-0.024), thousand seed weight (-
0.021) and number of primary branches (-0.008) tedemaximum negative indirect effect
towards yieldvia total soluble solids. Number of primary branch&s096) followed by fruit
breadth (-0.075), number of lobes per fruit (-0)06&iit weight (-0.024), pericarp thickness
(-0.015), plant height (-0.013), fruit length (-02), thousand seed weight (-0.011), number
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of fruits per plant (-0.004), number of seeds panp(-0.002) and days to first picking (-
0.001) exerted maximum negative indirect effectamg yieldvia ascorbic acid. Fruit length
(-0.075) followed by fruit weight (-0.066), ascacbacid (-0.057), number of primary
branches (-0.050), number of seeds per fruit (%),0¢ericarp thickness (-0.034), fruit
breadth (-0.021), total soluble solids (-0.019) dhdusand seed weight (-0.013) exerted
maximum negative indirect effect towards yigld number of lobes per fruit. Thousand seed
weight (-0.039) followed by fruit breadth (-0.03p)Jant height (-0.030), fruit weight (-0.005)
and ascorbic acid (-0.001) exerted maximum negatigtigect effect towards vyielgia days

to first picking. Fruit breadth (-0.056) followed bays to first picking (-0.029), Fruit weight
and total soluble solids (-0.0012), ascorbic aed009) and thousand seed weight (-0.003)
exerted maximum negative indirect effect towardsldyvia plant height. Thousand seed
weight (-0.018) followed by fruit weight (-0.015)umber of lobes per fruit (-0.013), fruit
length (-0.009), number of primary branches (-B)Q@scorbic acid (-0.005) and number of
seeds per fruit (-0.003) exerted maximum negatidiréct effect towards yieldia pericarp
thickness. Ascorbic acid (-0.029) followed by friareadth (-0.021), number of seeds per fruit
(-0.020), number of lobes per fruit (-0.017), freieight (-0.013), pericarp thickness (-0.008),
fruit length (-0.007) and total soluble solids Q@2) exerted maximum negative indirect

effect towards yield via number of primary branches

In view of the direct and indirect contributionsafmponent traits towards fruit yield,
selection on the basis of horticultural traita, average fruit weight and number of fruits per
plant would be a paying preposition in the genosypeluded in the study. Similar results
were reported by Deka and Shadeque (1997), Koldi Ghatterjee (2000), Mishrat al.
(2002), Naziret al. (2005), Soockt al. (2009), Johri and Kumar (2007), Neagk al. (2010),
Sharmeet al.(2010), Kumari (2013) and Sastial. (2013).

Low magnitude of residual effect at genotypic lewelicated that the traits included
in the present investigation accounted for mosthef variation present in the dependent
variablei.e. fruit yield per plant. The studies on path caeéint analysis suggested that
selection for fruit weight, number of fruits peapt, fruit breadth, thousand seed weight, fruit

length and number of seeds per fruit would be &ffedor improving yield in bell pepper.

4.4 GENETIC DIVERGENCE

Estimating genetic diversity and deteiimgnthe relationships between germplasm
collections helps to ensure that germplasm isiefiity collected and managed. The analysis
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of variance revealed highly significant differen@song the genotypes for all the characters
studied, indicating the existence of wide genefieidience among them. On the basis of
performance of various traits, all the genotypesewgrouped into different clusters.
Information on genetic diversity was also useddentify the promising diverse genotypes,
which may be used in further breeding programmes.

Genetic divergence plays a key role malgzing the general distance among the
genotypes selected as parents. Within a certaik Inybridization of more divergent parents
is expected to enhance the level of heterosis amrtkrgte wide range of variability in

segregating generations.

In the present investigation twenty five genotypese grouped in to three clusters
based on Mahalanobis?Dvalues. The cluster | contained thirteen genotymsster |I

contained five genotypes and cluster Ill contaiseden genotypes.

Table 4.11: Clustering pattern of twenty-five genotpes on the basis of genetic

divergence
Cluster | Number of genotypes Genotypes

I 13 Harit Red Fruit, HC-201-PL-3, PT.12.3, KC-12 riNal
Karol, Dyarag Selection, Deothi Selection, Ghalai
Selection, Tikker Selection, UHFBP-3, UHFBP}5,
UHFBP-6, Solan Bharpur

Il 5 Yolo Wonder, CW-308, IIVR CW, YW.PL-4, CW.PL-2

1 7 Palam Bell, Arka Basant, Nishat PL-2, RY.PL-1,-KQ,
KC-11, Kadar Selection

Group constellation of bell pepper genotypes thhoggnetic divergence has also
been reported by earlier workers like Sudtel. (2006), Buttowet al. (2010), Farhackt al.
(2010), Ghazizadeht al. (2010), Monteiroet al. (2010), Zadelet al. (2010), Misraet al.
(2011), Mageet al.(2012) and Occhiutet al.(2014).

Average inter-cluster and intra-clustistance (B) values are presented in Table 11.
The diagonal figures in the table represent theaioluster distance. The intra-cluster
distance varied from 2.895 (cluster 1) to 3.961ugtér Ill). Since crossing of genotypes
belonging to same cluster do not expect to yielgesor hybrids or segregants, inter cluster
distances were also worked out. The inter clustadce was maximum to the tune of 4.351
between cluster Il and Ill followed by cluster Idat (3.840) and cluster | and Il (3.008).
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The minimum inter cluster distance was observedcfoster | and 1l (3.008). The cluster
with higher inter cluster distances indicated tihat genotypes included in those clusters had
high genetic variation and hybridization betweemajgpes of these cluster may result
heterotic progenies because of convergence ofsbvggnes scattered in parents .

Table 4.12 Average intra (Diagonal) and inter- clater (Lower half diagonal) distance

(D
Clusters [ 1 1l
I 2.895
1 3.840 3.147
11 3.008 4.351 3.961

A wide range of inter cluster genetic distance agnthe different cluster of bell pepper
genotypes have also been reported by Seted. (2006), Buttowet al. (2010), Farhactt al.
(2010), Ghazizadeht al. (2010), Monteiroet al. (2010), Zadelet al. (2010), Misraet al.
(2011), Mageet al.(2012) and Occhiutet al.(2014).

Furthermore, for getting the reliable conformity the basis of cluster means, it was
calculated for various horticulture traits and lhaen represented in Table 12. Minimum days
to first picking were observed in cluster | (70.6@)owed by cluster Il (71.00) and cluster Il
(73.00). Cluster Il exhibited maximum mean value iomber of primary branches (3.28)
followed by cluster | (2.86) and cluster Il (2.7®luster 11l recorded maximum plant height
(81.20 cm) followed by cluster | (72.05 cm) andstér 11 (70.08 cm). Number of lobes per
fruit were maximum in cluster Il (3.65) followed juster Il (3.14) and cluster | (2.96).
Maximum fruit length was exhibited by cluster 1.18 cm) followed by cluster | (7.22 cm)
and cluster Il (6.93 cm), while maximum fruit bdtha was recorded in cluster Il (5.58 cm)
followed by cluster Il (5.45 cm) and cluster | (8.8m). Fruit weight was maximum in cluster
Il (81.51 g) followed by cluster | (57.16 g) andisfer Il (54.49 g). For pericarp thickness,
cluster Il (5.17 mm) exhibited maximum value folleavby cluster Il (5.01 mm) and cluster
| (4.79 mm).

Maximum number of fruits per plant was observectluster 1 (13.60) followed by
cluster 11l (12.07) and cluster 1l (10.47). Fruield per plant was recorded maximum in the
cluster Il (853.64 g) followed by cluster | (769.83 and cluster Il (627.91 g). Cluster I
exhibited maximum number of seeds per fruit (22pf8llowed by cluster | (197.34) and
cluster 11l (192.11).
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Table: 4.13Cluster means for different trait in twenty-five genotypes of bell pepper

Characters | I 11

Days to first picking 70.62 71.00 73.00
Number of branches per plant 2.86 3.28 2.76
Plant height (cm) 72.05 70.08 81.20
Number of lobes per fruit 2.96 3.65 3.14
Fruit length (cm) 7.22 8.19 6.93
Fruit breadth (cm) 5.38 5.45 5.58
Fruit weight (g) 57.16 81.51 54.49
Pericarp thickness (mm) 4.79 5.17 5.01
Number of fruits per plant 13.60 10.47 12.07
Fruit yield per plant (g) 769.13 853.64 627.91
Number of seeds per fruit 197.34 229.31 192.11
Thousand seed weight (g) 6.45 6.85 8.00
Total soluble solids {B) 5.56 6.12 5.74
Ascorbic acid (mg/ 100g9) 127.21 146.51 135.40

Whereas maximum thousand seed weight was obsearnveduster 11l (8.00 Q)
followed by cluster 1l (6.85 g) and cluster | (6.gp Highest total soluble solid was recorded
in cluster Il (6.12°B) followed by cluster IIl (5.74B) and cluster | (5.58B). The highest
ascorbic acid content was recorded in cluster 46(31 mg/ 100g) followed by cluster il
(135.40 mg/ 100g) and cluster I (127.21 mg/ 10@&nilar results were also recorded by
earlier workers like Sudrest al. (2006), Buttow et al. (2010), Farhadet al. (2010),
Ghazizadelet al. (2010), Monteiroet al. (2010), Zadelet al. (2010), Misraet al. (2011),

Magaet al.(2012) and Occhiutet al.(2014).
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Chapter-5

SUMMARY AND CONCLUSION

Bell pepper, commonly known as ‘Shimla Mirch’ iseonf the most popular and
highly remunerative fresh vegetable grown worldwilee to its combination of colour,
flavour, and nutritional value. It occupies a pridace among the vegetables in Indian
cuisine due to its delicate taste and pleasantdiacoupled with high ascorbic acid, minerals
and vitamins. It is an important off season vedetabop of hilly regions, grown during the
summer and rainy months and is economically impdorta small and marginal farmers,
fetching good prices to the growers. Due to scgetyetic diversity and rigorous horticultural
standards within bell pepper group, only a few etss/hybrids have been developed.
Considering its economic importance and demand laigtavalue crop and an off- season
crop, there is a continuing need to develop andtifyevarieties with improved production
potential and nutritional quality. The selectiordauccess of crop improvement programme
lies on the availability of germplasm, extent ofiahility and the association of quantitative
characters with yield and amongst themselves. Cale and maintenance of the genetic

diversity is also important to avoid the genetiaséon in bell pepper.

The present investigations entitle8Studies on genetic variability in bell pepper
(Capsicum annuumL.)” was therefore carried out on twenty-five genotypebell pepper
including check variety, Solan Bharpur. The expenmwas laid out in a Randomized
Complete Block Design (RCBD) with three replicasomt the Experiment Farm of
Department of Vegetable Science, Dr YS Parmar Usityeof Horticulture and Forestry,
Nauni, Solan, Himachal during Kharif season 2017ascertain the extent of variability,
correlation and path coefficient analysis for yialid other horticultural traits along with the

estimation of genetic divergence among the genstype

The characters selected for the evaluation of @mmnglasm were days to first picking,
number of branches per plant, plant height (cnoijf &hape, fruit colour, number of lobes per
fruit, fruit length (cm), fruit breadth (cm), fruiweight (g), pericarp thickness (mm), number
of fruits per plant, fruit yield per plant (g), niser of seeds per fruit, thousand seed weight
(9), total soluble solids®B), ascorbic acid content (mg/100gPhytophthora fruit rot



incidence (%) andPhythophthoraleaf blight severity (%) under field conditionsh& data
generated were analysed statistically to work et ¢oefficient of variation, heritability,

genetic advance, genetic gain, correlation and gaefficients.
The results of the experiment are summarized hetmder in this chapter:-

Analysis of variance revealed significant differeea@among the genotypes for all the
traits. The minimum days to first picking were resed in genotype KC-12 (62.00 days) and
maximum days to first picking were recorded in BkiSelection (78.67 days). Number of
branches per plant was observed maximuml¥R CW (3.80) and it was observed
minimum in Kadar selection (2.27). For plant heigbin) maximum plant height was
observed in Nishat (107.20 cm) and minimum in YW4(58.33 cm). For fruit colour three
colour intensitiesviz., yellow green group, green group and yellow grewgye observed.
Out of twenty five genotypes, thirteen had yelloreen group, eleven had green group and
only one had yellow group. Fruit shape was bloakydll the genotypes except Palam Bell
where it was found to be cheese type. Maximum nurabbbes per plant were observed in
IIVR CW (3.80) and minimum were observed in UHFBR2353). Fruit length was found
maximum in Arka Basant (9.12 cm) and minimum inaRalBell (3.93 cm). Similarly, fruit
breadth (cm) was recorded maximum in IIVR CW (6ch® and minimum in HC-201-PL-3
(4.56 cm). Further, fruit weight was found maximumyolo Wonder (88.33 g) while, KC-10
recorded minimum fruit weight (37.33 g). Maximumriparp thickness was observed in
RY.PL-1 (6.41 mm) and minimum in Kadar Selectior873mm). Maximum number of fruits
per plant wabserved in check variety, Solan Bharpur (18.2@ eanimum in RY.PL-1
(6.73). Fruit yield per plantvas found highest in CW-308 (1015.03 g) and RY.Pwds
lowest in recording fruit yield to the tune of 458.g. Maximum number of seeds per fruit
was observed in KC-11 (302.60) and minimum in Ka&mlection (126.53)Further,
thousand seed weight was maximum in Palam Bell5(9¥% while UHFBP-3 recorded
minimum thousand seed weight (4.79 g). Total Selublids {B) was found maximum in
CW.PL-2 (8.20°B) and minimum in PT.12.3 (4.2B). Ascorbic acid content (mg/100g) was
found maximum in [IVR CW (171.38 mg/100 g) and minim in HC-201-PL-3 (104 mg/100
g). Under field conditions, genotypeg&., Dyarag Selection and PT.12.3 (10.09%) showed
minimum Phythophthorafruit rot incidence of 10.09% an&hythophthoraleaf blight
severity21.3%%0, respectively.
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Parameters of Variability

The estimates of phenotypic and genotypic coefiisieof variations were moderate
for number of seeds (22.70% and 21.14%) followedelto the heels by number of fruits per
plant (22.31% and 21.37%), fruit weight (22.00% 21d42%), fruit yield per plant (19.70%
and 17.31%) and thousand seed weight (16.95% ar82%§, indicating the existence of

substantial variability, pointing ample scope foeit improvement through selection.

High heritability coupled with moderate geneticrgavas found for the traitsiz.,
plant height (99.16% and 29.02%), fruit weight %6 and 42.96%), fruit length (93.72%
and 27.66%), thousand seed weight (92.80% and %3,38umber of fruits per plant
(91.74% and 42.16%) and number of seeds per 86i78% and 40.56%), which indicates
the predominance of additive variance in expressfdhese traits.

Correlation Studies

The correlation coefficients among ttéerent characters were worked out at
phenotypic and genotypic levels. In general, ggpiotgorrelation coefficients were higher
than the phenotypic coefficient§he phenotypic and genotypic correlation coeffitsen
among different characters showed that yield peantplhad positive and significant
association witmumber of fruits per plant (0.421 and 0.459), fiatight (0.370 and 0.342),
fruit breadth (0.339 and 0.211), number of lobesfpét (0.273 and 0.244) and number of
primary branches (0.229 and 0.133). Hence, on th&isbof correlation studies, it is
summarized that the selection for number of frges plant, fruit weight, fruit breadth,
number of lobes per fruit, number of primary brahvill be effective in increasing fruit
yield in bell pepper.

Path coefficient analysis

The path coefficient analysis indicated that oualbthe characters studied maximum
positive direct contribution towards fruit yield rpplant was contributed by fruit weight
(1.362) followed by number of fruits per plant @2), fruit breadth (0.331), thousand seed
weight (0.057), fruit length (0.022) and numbersetds per fruit (0.016). These characters
should be given due consideration for breeding higid per plant. Whereas, maximum
negative direct effect on fruit yield was recordsdtotal soluble solids (-0.208) followed by
ascorbic acid (-0.150), number of lobes per friit38), days to first picking (-0.118), plant
height (-0.105), pericarp thickness (-0.053) anchber of primary branches (-0.046).
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Genetic Divergence

For those traits, where selection is not resporasidenon-additive gene action plays a
major role in the expression, hybridization betwekverse parents on the basis of their
cluster mean performance is advocated to get supéwybrids in k or transgressive
segregants in subsequent generations. In the prededies, on the basis of genetic
divergence, twenty five genotypes were groupedoitthtee clusters. Maximum number of
genotypes were accommodated in cluster I. Averagadluster distance was maximum in
cluster 11l (3.961) and minimum in cluster | (2.§9%he inter cluster distance was recorded
maximum to the tune of 4.351 between cluster Il dihdindicating that hybridization
between the genotypes from cluster Il and Il cam utilized for getting superior
recombinants/transgressive segregants in segrggagenerations of bell pepper.
Furthermore, cluster means of the various charaatelicated that among the three clusters,
cluster Il was found superior for important trawz., fruit length (cm), fruit weight (g),
pericarp thickness (mm), number of seeds per fnuitnber of lobes per fruit, fruit yield per
plant (g), number of branches, total soluble soffi@3 and ascorbic acid content (mg/100 g).
Cluster 11l was found superior for the traits lidays to first picking, plant height (cm) and
thousand seed weight (g). Cluster | was found sapfar number of fruits per plant.

CONCLUSION

> In the present investigations, it is concluded tihat genotype, CW-308 performed
better in terms of yield and other horticulturaits over the check variety, Solan
Bharpur. So, this genotype offers an ample scopettfe release in the mid hill
conditions of Himachal Pradesh after multilocatiesting.

> A wide range of variability and heritability waspdeted for the charactessz., fruit
length, fruit breadth, plant height, average fmagtight, number of fruits per plant and
fruit yield. High heritability coupled with modematgenetic gain was found for the
traits like plant height (99.16% and 29.02%), faugight (94.82% and 42.96%),fruit
length (93.72% and 27.66%), thousand seed weigh8090 and 32.39%), number of
fruits per plant (91.74% and 42.16%) and numbesedds per fruit (86.73% and
40.56%). Therefore, these characters can be imgrdwe selection. Moderate
heritability coupled with low genetic gain was ahtd for fruit yield. Hence, the
improvement in these traits can be achieved byhéuartpartitioning the genetic
variance and making selection for suitable typesegregating generations.
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Table 4.14 Best three genotypes with respect to flifent characters in bell pepper

Character Genotypes Mean
. L KC-12 62
Days to first picking HC-201-PL3 66
CW-308 69
. IIVR CW 3.80
Number of primary branches per plant UHFBPS 367
YW.PL-4 3.47
. Nishat 107.20
Plant Height (cm) Palam Bell 93.73
Dyarag Selection 86.80
. IIVR CW 3.80
Number of lobes per fruit CW-308 373
YW.PL-4 and CW.PL-2 3.60
. Arka Basant 9.12
Fruit length (cm) Harit Red Fruit 8.99
YW.PL-4 8.59
. IIVR CW 6.15
Fruit breadth (cm) CWPL2 6.06
Tikker Selection 5.98
. . Yolo Wonder 88.33
Fruit weight (g) CW-308 8581
IIVR CW 79.76
. . RY.PL-1 6.41
Pericarp thickness (mm) Harit Red Frut 621
Palam Bell 5.81
. Solan Bharpur 18.20
Number of fruit lant
Hmber OTITUILS per pian Dyarag Selection 15.40
Harit Red fruit 15.13
o CW-308 1,015.03
Fruit yield lant :
ruit yield per plant (g) IIVR CW 978.77
Dyarag Selection 880.56
. KC-11 302.60
Number of seeds per fruit YW PLA 560.80
CW.PL-2 256.73
. Palam Bell 9.65
Th d d ht
ousand seed weight (g) RY PL-1 929
KC-10 8.16
10 CW-308 8.20
Total Soluble Solids') HC-201-PL-3 and KC-10 6.10
Dyarag Selection and UHFBP-3 6.07
. . IIVR CW 171.38
A b d / 100
scorbic acid (mg/ 100g) CW-308 149.44
Palam Bell 147.35
. o Dyarag Selection 10.09
0,
Phytophthorafruit rot incidence (%) Tikker Selection 1086
RY.PL-1 12.65
. ) PT.12.3 21.33
Phytophthordeaf blight ty (%
ytophthordeaf blight severity (%) Tikker Selection 21.78
Solan Bharpur and Nirmal Karol 22.22
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A highly significant and positive genotypic and phbgypic correlation of yield per
plant was found with number of fruits per plantitiweight, fruit breadth, number of
lobes per fruit and number of primary branches.r&loee, main emphasis should be
given on these characters, while making the selean bell pepper genotypes for
high yield.

Maximum positive and direct effect towards yieldsaeontributed by fruit weight
followed by number of fruits per plant, fruit breadthousand seed weight, fruit
length and number of seeds per fruit. The improvenrethese characters will lead to
higher yield in bell pepper.

For the traits, where selection is not effectivenefic divergence can play an
important role on further partitioning of varialyli In the present investigation,
genetic divergence studies, grouped twenty fiveoggres into three clusters. The
hybridization between genotypes of cluster Il ahdter 11l can be utilized for getting
superior recombinants or transgressive segregangésgregating population because

these clusters were found most divergent.
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Parmar University of Horticulture and Forestry, NauSolan (HP) duringKharif season, 2017.
Twenty-five diverse genotyped bell pepper including check variety, Solan Bharwere evaluated
to ascertain extent of variability, correlation apdth coefficient analysis for yield and other
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analysis revealed that fruit weight had maximumitp@sdirect effect on yield followed by number of
fruits per plant, fruit breadth, thousand seed Weifuit length and number of seeds per fruit. The
improvement in these characters will lead to higyield in bell pepper. Genetic divergence studies
revealed that hybridization between genotypeswsdtel Il and Il will be more rewarding for getting
superior progeny(s).
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APPENDIX |

AGRO-METEOROLOGICAL DATA DURING GROWING PERIOD, 201 7

2017
Month T-max. T-min. RH (%) Rainfall
() () (mm)
February 21.3 6.1 49 7.6
March 22.9 7.8 25 33.2
April 29.3 13.2 44 57.8
May 30.5 15.8 53 110.8
June 28.7 17.9 68 197.8
July 27.6 20.4 81 162.3
August 26.7 20.1 82 233.8
September 27.2 16.8 77 133.8

Source  Meterological Observatory, Department of Eommental Sciences, Dr YS
Parmar University of Horticulture and Forestry, Neusolan, HP, 173 230



APPENDIX-II

Analysis of variance for various horticultural traits in bell pepper

Characters | df | Daysto | Number of Plant Number Fruit Fruit Fruit weight Pericarp
first primary height of lobes length breadth (9) thickness
picking branches (cm) per fruit (cm) (cm) (mm)
Source per plant
Replication 2 49.974 1.588 1.840 0.068 1.028 2.119  126.92 1.054
Genotypes 24  34.028% 0.380* 331.587* 0.411f 1.212+ 0.599* 526.267* 1.122*
Error 48 2.626 0.103 0.927 0.030 0.095 0.086 9.412 0.094
Total 74| 86.628 2.071 334.354 0.509 2.335 2.804 558P 2.270
Characters | df | Number | Fruityield | Number of | Thousand Total Ascorbic | Phytophthora| Phytophthora
of fruits | per plant (g) | seeds per seed Soluble acid fruit rot leaf blight
per plant fruit weight (g) | Solids (B) content incidence severity (%)
Source (mg/ 1009) (%)
Replication 2 42.275| 271,865.724  5,640.066 1.392 173. 1708.102 0.408 0.405
Genotypes 24 22,1874 55,014.00%* 5,766.461*3.982* 1.579* 732.547* 0.891* 0.485*
Error 48 0.646 4,936.825 279.756 0.100 0.049 41.854 0.109 0.101
Total 74| 65.108 | 331,816.554 11,686.283 5.474 1.8012,482.503 1.408 0.991
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