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The most commonly grown spice crop in India is chilli
pepper (Capsicum annuum L.), which has culinary and
medicinal applications. India is the major producer,
consumer, and exporter of chilli, contributing almost one
fourth of the world production. Indian chilli export is
facing competition in the international market from other
chilli-growing countries and high domestic consumption.
In India, hot pepper is the most widely used spice and
vegetable crop with additional importance of offering
outstanding job and income generating opportunities for
enormous small farmers in the country. The fruits are
consumed fresh, processed or when dried as spice or
condiment. Hot pepper is a genetically self-pollinated and
chasmogamous crop whose flowers open only after
pollination takes place however, 11–64% outcrossing
was observed under open pollination.

The usefulness of selection depends on the amount of
genetic variation present. In chilli, a wide range of
variability is available due to its ability to cross pollinate,
which provides possibilities to improve fruit yield through
a breeding program. When variability is partitioned into
heritable and non-heritable components, efficiency of
selection is better understood. It is necessary to assess
the nature and extent of association between attributes
of yield.

For starting any improvement work, information about
the genetic variability in the population is a prerequisite.
Presence of high variability in this crop offers much
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scope for its improvement. Hence, an attempt was made
to estimate heterosis, genetic variability, heritability and
genetic advance in the Indian and Taiwan genotypes of
hot pepper (Capsicum annuum).

Twenty four Indian chilli inbreed lines of different regions
and six inbreed lines of Taiwan were used as pollen
parents and five CMS lines from Taiwan were used as
female parents for crossing. In 2006 and 2007, crossings
were made between 24 Indian and six Taiwan testers
with the five Taiwan CMS A – lines (Table 1) in Line ×
Tester mating design. Single floret was selected and used
for crossing in insect proof net house and pollinated
floret was covered with thin layer of cotton to control
out crossing. The F1 seeds were harvested from all the
crosses at the end of respective cropping season, 2006
and 2007. The 150 F1 progenies were obtained from 30
testers and five female parents along with 30 selfed
parents and five maintained CMS B Lines.

Seeds of the 35 parental genotypes (30 testers and 5
CMS B Lines) and their 150 F1s were sown at two
locations viz., University of Agricultural Sciences (UAS),
Bangalore and Indian Institute of Horticultural Sciences
(IIHR) Bangalore during 2008. All the 150 progenies along
with their parents were transplanted in randomized
complete block design (RCBD) at both locations.  All
the recommended package of practices was followed
to raise a healthy crop.  Ten plants in each genotype
were tagged from each replication and recorded nine
characters viz., Days to 50 per cent flowering, Days to
first fruit maturity, Plant height (cm), Fruits plant¯1, Fruit
length (cm), Fruit width (cm), Hundred seed weight
(g), Green fruit yield plant¯1 (g) and Red fruit yield plant¯1

(g) in each environment.

Homogeneity of error variance across the two locations
was tested by the F test (Gomez and Gomez, 1983) and
combined analyses of variances for treatments (150
Crosses, 5 Lines and 30 Testers) across the two locations
were performed to determine treatments × environment
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interaction for each trait using the GLM procedure of
SAS. Significant levels were determined as suggested
by McIntosh (1983) for combined analysis. The data
of the UAS Bangalore and IIHR Bangalore were
combined for analysis of variances, variability and path
co-efficient.  The correlation was estimated as per the
method suggested by Al-Jibouri et al., (1958) and path
coefficients analyses as per Dewey and Lu (1959)
method. Statistical analyses of variances, variability and
path co-efficient were performed using ‘Indostat’
(statistical software developed by Indostat Services,
Hyderabad 500 016, India.

Homogeneity of error variance across the two locations,
UAS Bangalore and IIHR Bangalore, was tested and none
of the error mean squares were significant for any of
the traits. Combined analyses of variances for treatments
across the two locations were performed to determine
treatments × locations interaction for nine traits and
noticed non-significant difference among treatments ×
locations interaction, data of the UAS Bangalore and
IIHR Bangalore were combined for estimation of
variances, variability and path co-efficient.

The extent of variability present in 35 parents and 150
hybrids of chilli was measured in term of phenotypic
variance, genotypic variance, phenotypic co-efficient
of variation, genotypic co-efficient of variation,
heritability and genetic advance (Table 1). All the
treatments (parents and hybrids) differed significantly
with respect to different characters studied. Variability
was partitioned into genotypic and environmental
components. Genotypic variances were of higher
magnitude than the corresponding environmental

variances for days to first fruit maturity, 50 per cent
flowering, plant height and fruit length and it indicating
that environment had little influence on genetic variability.
Whereas, environmental variances were higher
magnitude than the corresponding genotypic variance
for polygenic traits namely, fruit width, 100 seed weight,
red fruit yield plant¯1, green fruit yield plant¯1 and fruits
plant¯1 indicating influence of environment on variability.
Estimates of phenotypic co-efficient of variation (PCV)
and genotypic co-efficient of variation (GCV) were high
for red fruit yield plant¯1, green fruit yield plant¯1, fruits
plant¯1  and fruit length (Table 1) in the chilli. The higher
PCV and GCV magnitudes indicated the presence of
substantial variability, indicating the possibility for
improvement through selection for these traits.  The
PCV and GCV were moderate for fruit width, indicating
that these traits have less potential for direct selection.
Estimates of PCV and GCV were low for days 50 per
cent flowering and days to first fruit maturity. High PCV
and moderate GCV for 100 seed weight and plant height
indicate that there was comparatively low genetic
variation for this trait. These results substantiate findings
of Mini and Khader (2004), Sreelathakumary and
Rajamony (2004) and Singh et al., (2009) who used
different genetic material and were in different locations,
indicating the possibility for improvement through
selection for these traits.

The heritability estimates ranged from 30.84 per cent
for green fruit yield plant-1 to 61.04 per cent for plant
height (Table 1). The high heritability  was noticed in all
studied traits viz., days to 50 per cent flowering
(54.86%), days to first fruit maturity (59.41%), plant

Table 1. Estmates of variability parameters for nine traits of 185 (5 Lines, 30 Testers and 150 Crosses) chilli genotypes grown
at UAS Bangalore during Kharif 2008 and IIHR Bangalore during Rabi 2008

Variance Co-efficient of variation (%) Characters 
Environmental Genotypic Phenotypic Environmental Genotypic Phenotypic 

Heritability 
Broad 

Sense (h²) 
(%) 

Genetic 
Advancement 

Genetic 
Advancement 
(% of Mean) 

GCA:SCA
Variance 

50 per cent  
flowering 

3.52 4.27 7.79 2.24 2.47 3.33 54.86 3.15 3.76 1 : 233 

Days to first 
fruit maturity 

10.50 15.38 25.88 2.67 3.23 4.19 59.41 6.23 5.13 1 : 58 

Plant height 
(cm) 

139.89 219.15 359.04 14.83 18.56 23.75 61.04 23.83 29.87 1 : 51 

Fruit length 
(cm) 

2.11 3.01 5.13 17.60 21.01 27.41 58.75 2.74 33.17 1 : 24 

Fruit width 
(cm) 

0.03 0.02 0.05 15.37 12.62 19.89 40.26 0.18 16.50 1 : 45 

Fruits plant?1 1037.98 730.80 1768.79 43.41 36.42 56.66 41.32 35.80 48.23 1 : 125 
100 seed 
weight (g) 

0.02 0.01 0.03 22.39 16.38 27.75 34.86 0.13 19.93 1 : 2010 

Red fruit 
yield plant?1 
(g) 

5644.49 4134.74 9779.22 38.24 32.73 50.33 42.28 86.13 43.84 1 : 267 

Green fruit 
yield plant?1 
(g) 

9712.62 4330.10 14042.72 37.73 25.19 45.37 30.84 75.27 28.82 1 : 190 
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height (61.04%), fruit length (58.75%) fruit width
(40.26%), fruits plant¯1 (41.32%), 100 seed weight
(34.86%), red fruit yield plant¯1 (42.28%) and green
fruit yield plant¯1 (30.84%).   The heritability is an
indication of presence of proportion of fixable additive
variance in the population. Heritability value is of much
use to breeder, as it indicates the accuracy with which
a genotype can be evaluated by its phenotypic
expression.

The estimates of heritability when accompanied by
estimates of genetic advance are more meaningful from
the point of expected gain and type of selection method
to be followed. The traits namely, green fruit yield plant¯1

and red fruit yield plant¯1 had expressed high heritability
(30.84 and 42.28%) with high genetic advance (75.27
and 86.13); fruit width, 100 seed weight, days to 50
per cent flowering, days to first fruit maturity, plant
height and fruit length had expressed high heritability
associated with less genetic advance and fruits plant¯1

expressed high heritability associated with moderate
genetic advance (Table 1). All the studied traits had
expressed the high heritability and low to moderate
genetic advance and indicating the role of non additive
genes for these traits suggesting thereby that their
improvement could be achieved through heterosis
breeding. Improvement of these traits through simple
selection might not give desirable results and needs to
be improved through hybridization (Panse, 1957). Similar
results have been reported by Nandadevi and Hosamani
(2003), Das and Maurya (2004) and Mini and Khader
(2004) using different genetic material and under
different environmental conditions, indicating the
possibility of improvement through heterosis breeding

followed by selection.

A high positive significant correlation of days to 50%
flowering and days to first fruit mature suggested that
early flowering genotypes would be an appropriate
selection criterion to get early marketable (green) fruit
yield (Table 2). The number of fruits-1 had positive
correlation with green fruit and red fruit yield plant-1 at
genotypic and phenotypic level. Similar findings were
noticed by Mishra et al., (1998). Selection on the basis
of these traits might lead to higher yield. Significant
positive correlations of yield with fruits per plant, fruit
length and significant negative association with days to
50 % flowering agree with the findings of Khurana et
al., (2003) and Kumar et al., (2003).

Path analysis helps in partitioning correlation coefficients
into direct and indirect effects of component characters
in yield. Direct and indirect effects of all the traits on
yield were computed at the genotypic level. For path
analysis at the genotypic level, green fruit (marketable
fresh fruit) yield per plant was taken as dependent
variables and all other traits used for correlation were
considered as causal variables.  At genotypic level, fruits
plant-1 (0.819) had the highest positive direct effect on
yield per plant followed by fruit length (0.311), fruit
width (0.243) and red fruit yield (0.215). Direct and
positive effects on yield were observed for number of
fruits per plant, fruit weight, fruit length and fruit width
(Kumar et al., 2003; Leaya and Khader, 2002; Verma et
al., 2004), emphasizing importance of these characters
in chilli improvement. For fresh and dry fruit yields,
selection on the basis of average fresh and dry fruit
weight and number of total and fruits per plant would
be worthwhile. In view at the direct and indirect

Table 2. Estimates of phenotypic (P) and genotypic (G) correlation coefficients for different traits in chilli

*: significant at P < 0.05 or **: significant at P < 0.01.

Characters 

  

Days to 50% 
flowering 

Days to 1st 
fruit mature 

Plant 
height 
(cm) 

Fruit 
length 
(cm) 

Fruit 
width 
(cm) 

Fruit plant-1 100 seeds 
weight    

(g) 

Red fruit 
yield plant-1 

Green fruit 
yield plant-1 

G 1.00 0.60** 0.24** 0.22** 0.07 -0.16** -0.02 -0.11* -0.11* Days to 50% 
flowering P 1.00 0.52** 0.23** 0.19** 0.07 -0.13** -0.02 -0.09 -0.10* 

G  1.00 0.30** 0.17** 0.19** -0.17** 0.01 0.01* -0.02 Days to 1st fruit 
mature P  1.00 0.29** 0.17** 0.18** -0.16** 0.01 0.01* -0.02 

G   1.00 0.02 0.09 -0.05 0.05 -0.12* -0.03 Plant height (cm) 
P   1.00 0.02 0.09 -0.05 0.05 -0.12* -0.03 
G    1.00 0.26** -0.25** 0.02 0.04 0.17** Fruit length (cm) 
P    1.00 0.25** -0.25** 0.02 0.04 0.17** 
G     1.00 -0.36** 0.05 -0.03 0.03 Fruit width (cm) 
P     1.00 -0.35** 0.04 -0.03 0.03 
G      1.00 -0.12* 0.27** 0.72** 

Fruit plant-1 P      1.00 -0.11* 0.27** 0.71** 
G       1.00 0.10* -0.05 100 seeds weight   

(g) P       1.00 0.10* -0.05 
G        1.00 0.45** Red fruit yield 

plant-1 P        1.00 0.45** 
G         1.00 Green fruit yield 

plant-1 P                 1.00 
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contributions of component traits towards fruit yield,
selection on the basis of horticultural traits viz., average
fruit weight and number of fruits per plant would be a
paying preposition in the genotypes included in the study.

Most of the traits under study were showed significant
variations, from low to high magnitude of heritability
and genetic advance. These can facilitate selecting and
utilizing the mot preferred traits of interest and also hint
the potential of chilli to further improvement. Some traits
with high phenotypic and genotypic coefficient of
variation those are detrimental which make possible chilli
improvement. The heritability estimates together with
genotypic coefficient of variation is important to exploit
heterosis.
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Table 3. Estimates of direct (diagonal) and indirect effects (off-diagonal ) of different traits on green fruit yield in chilli at
genotypic (G) levels
Characters Days to 

50% 
flowering 

Days to 1st 
fruit mature 

Plant 
height 
(cm) 

Fruit length 
(cm) 

Fruit width 
(cm) 

Fruit  
plant-1 

100 seeds 
weight 

(g) 

Red fruit 
yield plant-1 

(g) 

Genotypic 
correlation 
with grain 

yield 
Days to 50% flowering -0.078 -0.047 -0.019 -0.017 -0.005 0.012 0.001 0.008 -0.11* 
Days to 1st fruit mature 0.035 0.059 0.018 0.010 0.011 -0.010 0.001 0.001 -0.021 
Plant height -0.004 -0.005 -0.018 0.000 -0.002 0.001 -0.001 0.002 -0.031 
Fruit length 0.067 0.054 0.007 0.311 0.080 -0.079 0.006 0.013 0.17* 
Fruit width 0.017 0.046 0.023 0.062 0.243 -0.088 0.011 -0.007 0.028 
Fruit plant-1 -0.128 -0.140 -0.044 -0.207 -0.296 0.819 -0.094 0.221 0.72** 
100 seeds weight 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 -0.003 0.0001 -0.053 
Red fruit yield plant-1 -0.023 0.002 -0.026 0.009 -0.007 0.058 0.023 0.215 0.45** 

 Residual effect = 0.19


