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Abstract

The potential for improvement in crops is proportional to
the magnitude of genetic variability present in the
germplasm. Therefore, the present study was carried out
with twenty six bacterial wilt resistant genotypes of sweet
pepper (Capsicum annuum L. var. grossum Sendt.) to assess
the extent of genetic variability, correlation and path analysis
among yieldand yield attributing traits. Significant variability
was observed for all quantitative and quality traits studied.
On the basis of mean performance, the genotype PCWR-1-
3-08 was found to be promising for marketable yield. High
phenotypic (PCV) and genotypic coefficients of variation
(GCV) wereobserved for total number of fruits/plant, number
of marketable fruits/plant, total yield/ plant, marketable yield/
plant and capsaicin content. High heritability coupled with
high genetic advance was noted for pericarp thickness,
number of marketable fruits/plant, marketable yield/plant and
capsaicin content, which indicated the role of additive gene
action for the inheritance of these traits. These traits are
likely to respond better to selection. Correlation and path
analysis studies indicated that number of marketable fruits/
plant, average fruit weight, fruit length and days to first
harvest contributed to marketable yield. From the present
study, it was concluded that the genotypes PCWR-1-3-08,
PCWR-Cap-7-08, PCWR-Cap-4-08, PCWR-33-1-3-08 and
PCWR-33-3-1-08 could be directlyused after multi—-location
testing as these possessed inherent ability to high yield
along with bacterial wilt resistance and superior horticultural
and quality traits.
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Introduction

Sweet pepper (Capsicum annuum L. var. grossum Sendt.)
is a cultivar group of the species Capsicum annuum
belonging to nightshade family. It was introduced in India
by the Britishers in the 19" century in Shimla hills and
due to this reason it is also popularly known as “Shimla
mirch”. It is an important vegetable crop of sub-tropical
and sub-temperate climates which is grown throughout
the country for its immature fruits, used in various
preparations and salads. In the recent years, its
consumption has shown quantum jump because of the
rapid growth of fast food industry in India. It imparts
special aroma to various dishes which is due to the
presence of a flavouring compound (2-methoxy-3-
isobutylpyrazine). In Himachal Pradesh, it enjoys the
status of off-season vegetable, as during summer-rainy
season large quantity of capsicum is transported to the
distant markets in the plain areas which bring a boost in
the economic conditions of the small and marginal
farmers of the state. Mid hills of the state are leading
suppliers of fresh market bell pepper. This produce is
not only off-season for market in the plains, but is of
excellent quality mainly because of genotype x
environment interaction which produces big size blocky
fruits with high flavour and shiny skin.

The potential for improvement in any crop is directly
related to the magnitude of variability present in the
germplasm (Kumari 2013). In sweet pepper, a wide range
of variability is available, which provides possibilities to
improve fruit yield througha breeding programme. When
variability is partitioned into heritable and non-heritable
components, efficiency of selection is better understood.
Further, it is extremely important to study the
interrelationships among various characters for success
in crop improvement programmes (Babu et al. 2015).
The relative importance of direct and indirect
contributions of each trait on yield provides an
opportunity for its improvement. The first step is the
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evaluation of variability in germplasm to identify potential
genotypes for use in future breeding programmes.
Therefore, the present investigation was undertaken to
assess the genetic variability and identification of yield
contributing traits for genetic improvement of sweet

pepper.
Materials and Methods

The experimental material constituted twenty six lines
developed at CSK HPKYV, Palampur and a cultivar
(California Wonder) of capsicum which was taken from
IARIL Regional Research Station, Katrain (Kullu, H.P.).
The experiment was undertaken during the year 2014-
15 at Experimental Farm of the Department of Vegetable
and Floriculture CSK HPKYV, Palampur situated at 32°6
N latitude and 76° 3' E longitude at an elevation of
1290.8m above mean sea level. The location is
characterized by humid and temperate climate with an
annual rainfall of 2,500 mm of which 80% is received
during June to September and represents the mid-hill
zone of Himachal Pradesh. The experiment was
conducted in a randomized complete block design with
three replications.

Ten plants in each replication were taken at random
from each treatment to determine days to 50%
flowering, days to first harvest, fruit shape index, fruit
length (cm), fruit width (cm), fruit pedicel length (cm),
pericarp thickness (mm), number of locules/fruit,
average fruit weight (g), total number of fruits/plant,
number of marketable fruits/plant, total yield/plant (g),
marketable yield/plant (g), number of seeds/fruit,
number of branches/plant, plant height (cm), ascorbic
acid (mg/100g), capsaicin content (%), TSS content
(%) and moisture content (%). The parameters of
variability were estimated following Burton and De Vane
(1953). Heritability in broad sense (h’, ) and expected
genetic advance (GA) resulting from the selection of 5
% superior individuals was calculated as per the formula
given by Burton and De Vane (1953) and Johnson et al.
(1955). The phenotypic and genotypic coefficients of
correlation were computed following Al-Jibouri et al.
(1958). The significance of phenotypic coefficients of
correlation was tested against ‘r’ values as given by
Fisher and Yates (1963) atn-2 degree of freedom, where
‘n’ is the number of genotypes. The path-coefficient
analysis of important horticultural traits, as well as quality
traits with yield was done following Dewey and Lu
(1959).

Results and Discussion

The analysis of variance revealed significant differences
among the genotypes for all the quantitative and quality

traits studied. These differences indicated the presence
of significant amount of variability and considerable
scope for improvement. Sufficient genetic variability
for many of the traits studied has also been reported by
earlier workers with their genetic material under their
environmental conditions (Sood et al. 2007; Rana et al.
2015).

A perusal ofthe results (Table 1) revealed that the values
of PCV were higher than GCV for all the traits. Higher
magnitude of PCV and GCV for pericarp thickness,
number of fruits/plant, number of marketable fruits/plant,
total yield/plant, marketable yield/plant and capsaicin
content indicated the presence of substantial variability
ensuring ample scope for improvement through selection
of the traits. PCV and GCV were moderate for fruit
shape index, plant height, fruit length, fruit width and
number of locules/fruit and average fruit weight,
suggesting that these traits have less potential for direct
selection. Estimates of PCV and GCV were low for
TSS content, moisture content, days to fruit harvest,
days to 50% flowering, seeds/fruit, ascorbic acid
content, number of branches/plant, and fruit pedicel
length. These results further substantiate the findings
of earlier workers for fruit yield (Sood et al. 2007),
fruits/plant, average fruit weight (Verma et al. 2004)
and fruit width (Sreelathakumary and Rajamony 2002).

Heritability is a measure of heritable variation, and it is
helpful in predicting the expected amount of
improvement to be achieved through selection together
with the genotypic coefficient of variation (Burton and
De Vane 1953). In this context, Capsaicin content, gross
yield /plant, plant height, marketable yield/plant, days to
first harvest, pericarp thickness, total number of fruits/
plant, fruit length, number of marketable fruits/plant,
days to 50% flowering and fruit width exhibited high
heritability (Table 1), indicating that these traits were
less influenced by the environment. This suggested that
selection could be made for these traits on the basis of
phenotypic expression. However, moderate heritability
was recorded for number of seeds/fruit, TSS content,
fruit shape index, fruit pedicel length, number of
branches/ plant, average fruit weight and moisture
content. Ascorbic acid and locules/fruit revealed low
heritability. Higher estimates of heritability have also been
reported by earlier workers for fruit yield/plant (Nehru
etal. 2003), plant height (Sreelathakumary and Rajamony
2003), days to fruit harvest, fruit length, days to 50 %
flowering (Verma et al. 2004), fruits /plant (Dipendra
and Gautam 2002) and fruit width (Sreelathakumary
and Rajamony 2002).

Johnson et al. (1955) stressed that for estimating the
real effects of selection, heritability alone is not sufficient
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Table 1: Estimates of parameters of variability for quantitative and quality traits in bell pepper

Traits Range General mean Variance Coefficient of variation Heritab Genetic Genetic
+ SE(m) Pheno- Geno- Environ Phenoty Genoty Environ ility ~Advanc Advanc
typic typic  mental pic pic  mental 0  e®= e(%of
(PCV) (GCV) (ECV) (%) 2.05) mean)
I Quantitative traits
Days to 50 % flowering ~ 47.00-50.00 48.03+0.37 1.14 0.99 0.14 222 2,08 078 8774 193 402
Days to first harvest 70.00-73.00 71.01+£0.39 1.14 0.07 0.06 1.50 146 034 9466 208 293
Fruit shape index 1.07-2.12 1.43+0.08 0.07 0.06 002 19.12 1641 981 7370 042 29.03
Fruit length (cm) 4.01-8.53 6.26+0.17 0.90 0.82 0.09 1514 1441 466 9053 1.77 28.24
Fruit width (cm) 3.74-6.96 4.47+0.20 0.67 0.55 0.12 1831 1662 7.70 8232 139 31.07
Fruit pedicel length (cm)  2.70-3.63 3.07+0.09 0.08 0.05 0.02 8.92 7.35 505 6791 038 12.47
Pericarp thickness (mm)  2.00-5.13 3.23+0.12 0.71 0.66 0.05 2604 2520 659 9360 1.62 50.21
Number of locules / fruit ~ 2.67-3.67 3.33+0.31 0.33 0.30 003 1725 1653 494 819 010 291
Average fruit weight (g)  41.75-64.67 46.66+1.95 34.60 2274  11.85 12,61 1022 738 6574 797 17.07
Total number of fruits /| 5.59-15.66 10.67+0.41 7.23 6.70 053 2518 2425 6.82 9268 513 48.08
plant
Number of marketable 4.75-13.31 8.21+0.60 5.44 4.90 0.53 2840 2698 8.8 9023 433 52.79
fruits /plant
Total yield / plant 251.33-764.27  490.89+9.59 13109.83 12824.51 28531 23.32 23.07 3.44 97.82 230.73 47.00
Marketable yield / plant ~ 213.56-575.94 377.98+14.20 9296.14 8993.53 302.60 25.51 25.09 4.60 96.74 192.15 50.84
Number of seeds / fruit 108.60-124.20  115.65+3.29 17.78 13.99 379 364 323 1.68 7869 684 591
Number of branches / 3.80-5.30 4.43+0.12 0.14 0.09 0.04 855 696 495 6648 052 11.72
plant
Plant height (cm) 39.11-83.77 63.23+1.06 135.17 131.69 348 1836 1815 295 9743 2333 36.90
II Quality traits
Ascorbic acid (mg/100g)  101.62-122.24  109.26+2.92  135.17 3381 2656 532 472 246 2144 257 235
Capsaicin content (%) 0.014 -0.089 0.06+0.001 0.0005  0.0005 0.0000 4045 4031 337 9930 005 82.75
TSS content (%) 6.05-6.28 6.12+0.02 0.003 0.002 0001 092 080 044 7655 009 145
Moisture content (%) 93.00-97.00 95.24+0.39 1.23 0.75 0.48 1.17 091 073 6120 140 147

and genetic advance along with heritability is more
useful. High heritability along with high genetic advance
was recorded for pericarp thickness, number of
marketable fruits/plant, marketable yield/plant and
capsaicin content, whereas high to moderate heritability
coupled with high to moderate genetic advance was
recorded for fruit shape index, fruit length, fruit width,
total number of fruits/plant, gross yield/plant and plant
height. The results revealed that the inheritance of these
characters is under the control of additive gene action
(Panse 1957). Similar results have beenreported earlier
for fruit yield/plant (Sreelathakumary and Rajamony
2002), fruits/plant, fruit length (Verma et al. 2004), plant
height (Ben-Chaim and Paran 2000), fruit width
(Ibrahim et al. 2001) and capsaicin content (Khurana et
al. 2003). High heritability along with low genetic advance
was recorded for days to 50% flowering and days to
first harvest, whereas low heritability associated with
low genetic advance was noticed for vitamin C content.
This indicated the preponderance of non-additive genes
for its inheritance. These findings are in agreement with
those of Ibrahim et al. (2001) and Verma et al. (2004).

In the present study, in general the genotypic correlation
coefficients were higher than the corresponding
phenotypic ones (Table 2), which indicated that though
there is a strong inherent association between various
characters studied, the phenotypic expression of the

correlation gets reduced under the influence of the
environment. Similar results have also beenreported by
Sood et al. (2007) in capsicum. Looking at these
associations (Table 2), it appeared that marketable yield/
plant had positive and highly significant correlations with
gross yield/plant, number of marketable fruits/plant and
total number of fruits/plant both at phenotypic and
genotypic levels. Positive association of fruit yield with
fruits/plant was also reported by Khurana et al. (2003)
and Dipendra and Gautam (2003). Further, positive
association was observed for moisture content with
pericarp thickness; TSS content with average fruit
weight, days to first harvest, days to 50% flowering,
total fruits/plant and vitamin C content; capsaicin content
with average fruit weight; vitamin C with fruit width
and average fruit weight and seeds/fruit with fruit shape
index. Fruit length and fruit shape index can be increased
with the increase in plant height as these are positively
correlated. Gross yield/plant increases with total number
of fruits/plant and number of marketable fruits/plant due
to positive correlation. Number of marketable fruits/
plant was found to be positively correlated with total
fruits/plant. The occurrence of positive correlation of
average fruit weight with fruit length, fruit width and
pericarp thickness revealed that the improvement in the
average fruit weight is brought about by selecting the
related traits. Similar results had been obtained by earlier
workers for average fruit weight (Sharma et al. 2010).
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Positive associationwas observed for fruit pedicel length
with days to fruit harvest, fruit shape index, days to
50% flowering and fruit length. Fruit width was
positively associated with days to first harvest and fruit
length. Similarly, fruit length increases with days to 50%
flowering, days to first harvest and fruit shape index. A
positive correlation of days to 50% flowering with days
to first harvest suggested that early flowering would be
an appropriate selection criterion to get early yield.
Sreelathakumary and Rajamony (2002) reported positive
inter-relationship of days to first picking with days to
50% flowering. Hence, it canbe concluded that selection
for gross yield/plant, number of marketable fruits/plant
and total number of fruits/plant will be effective for
isolating plants with higher marketable fruit yield in bell

pepper.

It is evident from the present study (Table 3) that
marketable fruits/plant had the maximum direct positive
contribution towards the marketable yield/plant followed
by gross yield/plant and average fruit weight at
phenotypic level. At genotypic level, marketable fruits/
plant had the highest positive directeffect on marketable
yield/plant followed by fruit length, average fruit weight,
gross yield/plant and days to first harvest, while negative
direct effects were exhibited by for fruit shape index,
fruit width, days to 50% flowering, number of
branches/plant and pericarp thickness. Direct and
positive effect for fruit yield were also observed by earlier
workers for fruits/plant average fruit weight (Verma et
al. 2004) and number of marketable fruits/plant
(Nandadevi and Hosamani 2003). Therefore, attention
should be given to improve these traits while making
selection of high yielding genotypes. The low magnitude
of residual effect (Table 3) indicated that the traits
included in the present investigation accounted for most
of the variation present in the dependent variables i.e.
marketable yield/plant. In this view the directand indirect
contributions of component traits towards marketable
yield, selection on the basis of horticultural traits viz.,
number of marketable fruits/plant, average fruit weight
and gross yield/plant would be a paying preposition in
the genotypes included in the study.
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