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Abstract
Forty six genotypes of chilli were evaluated during kharif, 2014 to study the nature and magnitude of genetic variability for
growth, earliness, yield, biochemical and nutritional traits and also to identify resistance source for thrips incidence. Analysis
of variance revealed highly significant differences among the genotypes for all the traits studied. The quantum of genetic
variation as genotypic co-efficient of variation (GCV) was highest in biochemical and nutritional traits viz., non reducing
sugar, phenols, phosphorus, potassium, magnesium, total chlorophyll, capsaicin content (green and red fruits) and capsanthin.
Moderate GCV was observed for growth and yield parameters like plant height, plant spread, leaf area, plant canopy width,
number of primary branches per plant, number of fruits per plant and fruit yield per plant. However, average fruit weight
exhibited highest GCV as compared to the other yield characters. All growth, yield, biochemical and nutritional parameters
showed high heritability coupled with high genetic advance over mean. Path analysis studies revealed that plant height,
number of primary branches per plant, number of fruits per plant, total sugars showed the desirable positive and high direct
effect on fruit yield.  Phule Jyothi was found superior with highest fruit yield per plant with least thrips incidence.
Key words : Chilli, genetic variability, path analysis. biochemical traits , thrips resistance.

Introduction
The genus Capsicum is a source of products that

are utilised around the globe used as a vegetable, spice,
condiment, culinary supplement, medicine and also as an
ornamental plant. Chilli is indispensable spice, essentially
used in every Indian cuisine as they provide heat, colour
and flavour. The pungency of chilli is due to a crystalline
acrid volatile alkaloid called capsaicin (8-methyl-N-
vanillyl-6-enamide), which is present in the placenta of
fruit and has diverse prophylactic and therapeutic uses in
allopathic and ayurvedic medicine. In addition, chilli
extracts are also used in cosmetic products, paints and
chilli sprays. The national and state productivity of the
chilli is very low compared to the other developed
countries. The reasons for the low productivity is, much
of the area is occupied by the local low yielding genotypes
and area under hybrids/improved varieties is less. Also
chilli production in many of the places is constrained by
several abiotic and biotic factors such as drought, salinity,

flooding, soil acidity etc. and biotic factors like pest and
diseases especially in tropical and sub-tropical countries.
Chilli is most susceptible to several pest and diseases
that can reduce the yield and quality of fruits. Nearly 25
insects have been recorded attacking chilli leaves and
fruits in India of which thrips, Scirtothrips dorsalis Hood
(Thripidae : Thysanoptera) is considered as the most
serious and important pest (Butani, 1976). The estimated
yield loss of more than 90% in chilli was observed due to
thrips incidence (Kumar, 1995).

Chilli being often cross-pollinated crop, possess
tremendous genetic variability for growth, yield and quality
traits. Genetic improvement of any trait of interest in a
particular crop is based on the extent of genetic variation,
heritable component of variation and the process of the
breeding methodology to exploit the available genetic
variability present in the crop. As a first step, assessment
of the extent of genetic variability present in the crop is
most important. Germplasm is the source of genetic
variability for all the characters including yield, quality
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and resistance towards pest and disease. The available
variability present in the germplasm can be utilised most
efficiently by the plant breeder in crop improvement
programme. This improvement programme is a
continuous process by way of evaluation of germplasm
collected from different sources for growth, yield, quality
and resistance towards pest and disease characters and
identifying or developing varieties or hybrids suitable to
the ever changing climate and demand of the consumer.
Therefore, in the present study, an attempt has been made
to study the extent of genetic variability present in chilli
genotypes for productivity related traits, path analysis and
to identify the source of resistance to thrips incidence.

Materials and Methods
The present experiment was conducted at

Horticulture Research and Extension Station (HRES),
Haveri (Devihosur) during Kharif season, 2014. The
details of the genotypes used in the study were presented
in table 1. Seedlings of forty six chilli genotypes were
raised in nursery beds and thirty eight days old seedlings
were transplanted to the main filed. The experiment was
laid out in a completely randomised block design replicated
twice with the spacing of 75cm × 45 cm. Application of
fertilizers and other cultural practices were done as per
the package of practices. Observations were recorded
on five randomly selected plants in each replication for
genetic study with respect to different morphological
characters viz., plant height (cm), plant spread (cm), leaf
area (cm²), number of branches/plant, number of fruits
per plant, average fruit weight (g), fruit yield per plant
(kg). The different biochemical parameters and nutrients
viz., total phenols (mg/g), total sugars (mg/g), reducing
sugars (mg/g), capsaicin (%), nitrogen (%), phosphorus
(%), potassium (%), calcium (%), magnesium (%),
sulphur (%) were estimated from all the 46 genotypes.
The screening of genotypes against thrips incidence was
carried out at experimental plot under unsprayed condition
to maintain the thrips load. The fluctuation of thrips
incidence was studied on Kharif planted chilli. The
symptom of thrips damage was observed at 9th, 11th, 13th

and 15th weeks after transplanting. The scoring was done
according to the per cent damage caused by thrips and
based on the genotype performance. Genotypic and
phenotypic coefficients of variation were computed
according to Burton and Devane (1953) and heritability
(h2) was worked out by using formula suggested by
Falconer (1981). Genetic advance (GA) was computed
using the formula given by Robinson et al. (1949)
whereas, genetic advance as percentage over mean
(GAM) was worked out as suggested by Johnson et al.

Table 1 : Details of chilli genotypes used for the study.

S. no. Genotype
1 DCA-104
2 DCA-106
3 DCA-109
4 DCA-116
5 DCA-124
6 DCA-130
7 DCA-136
8 DCA-137
9 DCA-138
10 DCA-139
11 DCA-140
12 DCA-142
13 DCA-143
14 DCA-144-1
15 DCA-145
16 DCA-146
17 DCA-147
18 DCA-148
19 DCA-148-1
20 DCA-148-2
21 DCA-150
22 DCA-151
23 DCA-152
24 DCA-154
25 DCA-155
26 DCA-157
27 DCA-159
28 DCA-166
29 DCA-167
30 DCA-169
31 DCA-171
32 DCA-191
33 DCA-192
34 DCA-193
35 DCA-195
36 DCA-205
37 DCA-211
38 DCA-224
39 DCA-236
40 DCA-237
41 DCA-232
42 DCA-259
43 DCA-261
44 Phule Jyothi
45 Byadgi Kaddi
46 Byadgi Dabbi
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(1955). Path coefficient analysis suggested by Wright
(1921) and illustrated by Dewey and Lu (1959) was
carried out separately to know the direct and indirect
effects of the important component traits on fruit yield
per plant.

Results and Discussion
Analysis of variance revealed highly significant

difference among the genotypes for all the traits studied
(table 2). The estimates of mean, range, genotypic and
phenotypic coefficients of variation, heritability, genetic
advance as percent of mean for growth, yield, biochemical
and nutritional parameters were studied and the results
were presented in table 3. From the table, it was evident
that good amount of variation was observed for all the
traits studied. The growth parameters like plant height,

plant spread and plant canopy width showed moderate
genotypic coefficient of variation and phenotypic
coefficient of variation (11-20%), which were in
accordance with Krishna et al. (2007). Moderate
genotypic coefficient of variation and phenotypic
coefficient of variation is also reported for leaf area. The
moderate PCV and GCV indicates that these traits are
governed by non additive gene action. Hence, there is a
little scope for improvement of these traits through
selection. The values of PCV for the number of primary
branches per plant, resulted higher and moderate for the
values of GCV indicating that apparent of variation is not
only due to genotypes but also due to influence of
environment factors which was also reported by Munshi
et al. (2010). Hence, selection for improvement of such
characters will not be rewarding. High heritability (>60%)

Table 2 :Analysis of variance (mean sum of squares) for growth, yield and biochemical parameters in chilli (Capsicum annuum
L.).

S. no. Source of variation/character Replication Genotype Error
SED CD (5%) CD (1%)

Degrees of freedom 1 45 45
            A.   Growth parameters

1. Plant height (cm) 26.24 153.72** 31.01 5.56 11.21 14.97
2. Plant spread (cm) 115.20 59.45** 10.96 3.31 6.67 8.90
3. Leaf area (cm²) 1.48 1.40** 0.23 0.48 0.98 1.31
4. Plant canopy width (cm) 103.24 63.14** 12.23 3.49 7.04 9.40
5. Number of primary branches/plant 0.001 0.43** 0.07 0.26 0.54 0.72

            B.   Yield parameters
6. Number of fruits/plant 26.02 1128.13** 13.48 3.67 7.39 9.87
7. Average fruit weight (g) 0.03 91.42** 0.009 0.097 0.19 0.26
8. Fruit yield/plant (g) 234.33 5980.85** 69.57 8.34 16.79 22.43

            C.  Biochemical parameters
9. Total sugars (mg/g) 0.0001 1.05** 0.0003 0.019 0.04 0.05
10. Reducing sugars (mg/g) 0.0005 0.138** 0.0001 0.013 0.02 0.03
11. Non reducing sugars (mg/g) 0.001 1.01** 0.0005 0.02 0.04 0.06
12. Phenols (mg/g) 0.00 0.001** 0.00 0.002 0.005 0.007
13. Ascorbic acid (mg/100 g) 45.88 1060.25** 29.35 5.41 10.91 14.57
14. Chlorophyll (mg/g) 0.005 0.702** 0.0005 0.023 0.04 0.06
15. Capsaicin (red fruit) (%) 0.00 0.08** 0.00 0.007 0.01 0.02
16. Capsaicin (green fruit) (%) 0.00 0.15** 0.00 0.006 0.013 0.017
17. Capsanthin (ASTA) 66.45 2269.76** 3.07 1.75 3.53 4.71

            D.  Nutritional parameters
18. Nitrogen (%) 0.005 0.26** 0.004 0.06 0.13 0.17
19. Phosphorus (%) 0.00 0.008** 0.00 0.007 0.014 0.018
20. Potassium (%) 0.05 1.09** 0.004 0.06 0.14 0.18
21. Calcium (%) 0.008 0.092** 0.03 0.05 0.11 0.14
22. Magnesium (%) 0.02 0.09** 0.001 0.03 0.07 0.09
23. Sulphur (%) 0.00 0.001** 0.00 0.006 0.013 0.017
24. Thrips incidence (%) 0.225 65.92** 2.15 1.46 2.97 3.94
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coupled with high genetic advance as per cent over mean
(>20%) was recorded for the growth parameters viz.,
plant height, plant spread, plant canopy width, number of
primary branches per plant and leaf area which suggests
that the inheritance of such characters is governed mainly
by additive gene effects and therefore, selection based
on phenotypic performance may prove useful and similar
results were also reported by Munshi et al. (2010) and
Singh and Singh (2011). Average fruit weight showed
high GCV, PCV and heritability coupled with high GAM

which are in agreement with reports of krishna et al.
(2007) indicating the existence of sufficient variability in
the genetic stock and the predominance of additive gene
effect with low influence of environment factors in
expression of this trait. Thus, it is possible for improvement
of this trait through selection. The number of fruits per
plant and fruit yield per plant exhibited moderate GCV
and PCV with high heritability and GAM are in agreement
with the report of Sharma et al. (2009). It is possible to
improve these characters by selection based on the role

Fig. 2 : Genotypic reactions to nutrient composition against thrips resistance.

Fig. 1 : Genotypic reactions to biochemical constituents against thrips resistance.



of additive gene effects governing these traits.
The efforts have been made to analyse the

biochemical and nutritional components in plants and fruit
tissue which are playing a major role to resist many of
the biotic stresses and also in the quality of fruits. The
biochemical traits viz., non reducing sugar, phenols,
capsanthin, capsaicin content in both green and red fruit
observed high GCV and PCV (>20%) which were similar
to the findings of Srilakshmi (2006), Sonia et al. (2007),
similarly total chlorophyll also had high GCV and PCV
(>20%) in accordance with Dandunayak (2008), Datta
and Das (2013). Whereas, phosphorus, potassium,
magnesium, also had  high GCV and PCV (>20%), which
indicated the existence of sufficient variability in genetic
stock studied and the environmental role is negligible.
Hence, there is ample scope for improving these
characters by direct selection. Similarly, total sugars,
reducing sugar, ascorbic acid, exhibited moderate
genotypic and phenotypic coefficient of variation (11-
20%). Srilakshmi (2006), Dandunayak (2008), Sandeep
(2007) and Munshi et al. (2010) have reported similar
trends for these traits in the fruit content, whereas calcium
and sulphur also exhibited moderate genotypic and
phenotypic coefficient of variation (11-20%), which
indicates that these traits are governed by non additive
genes. Hence, there is little scope for improvement in
these traits by selection as the characters are also
influenced by environmental effects. The lower GCV
and PCV were observed for nitrogen, which reveals the
role of non additive gene action. High heritability coupled
with high GAM was observed for non reducing sugar,
phenols, total chlorophyll, capsaicin content in both green

and red fruits, capsanthin, total sugars, reducing sugar,
ascorbic acid, which were similar to the observations made
by Srilakshmi (2006), Sonia et al. (2007) and Dandunayak
(2008), whereas phosphorus, potassium, magnesium,
nitrogen, calcium and sulphur also reported high heritability
coupled with high GAM. The high heritability with high
GAM estimates for these traits indicated the role of
additive genes in governing their expression. Hence,
selection on contents of biochemical and nutritional
components would be rewarding in improvement of these
traits.

Path analysis was worked out to find out the direct
and indirect effect of growth, biochemical, nutritional
composition and yield related traits on the fruit yield per
plant (table 4). Among the seventeen traits chosen for
path analysis, only plant height, number of primary
branches per plant, number of fruits per plant and total
sugars had significant positive direct effect with fruit yield
which were similar to the findings observed by Srilakshmi
(2006) and Ganeshreddy et al. (2008). Therefore, direct
selection for these traits would be rewarding for
improvement of fruit yield. The plant spread, reducing
sugar and non reducing sugar had significant and negative
direct effect with fruit yield. Thrips incidence exhibited
significant and negative association with fruit yield as it
has positive direct effect on reduction of fruit yield.
Calcium, reducing sugar, sulphur and plant height showed
positive indirect effect of the trait whereas, number of
fruits per plant, total chlorophyll, non reducing sugar,
number of primary branches per plant, potassium and
phenols have negative indirect effect. The biochemical
parametrs viz., calcium, reducing sugars and sulphur have

Fig. 3 : Yield potentiality of chilli genotypes against thrips incidence.
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positive association with thrips incidence, which ultimately
resulted in decreased fruit yield. Similarly, total chlorophyll,
non reducing sugar, number of primary branches per plant,
potassium and phenols act as a repellent towards thrips
incidence. The more reducing sugars resulted in more
sweetness of leaves which act as a feeding stimulant for
sucking pests. Similarly, higher total sugars with more
non reducing sugars resulted in less sweetness of leaves
which are not preferred by the thrips. So, the genotypes
with higher total sugars and high non reducing sugars
results in less damage by thrips (fig. 1). Whereas, the
genotypes containing higher total sugars with high
reducing sugars exhibited susceptibility towards thrips
incidence. Phenols have long been reported to provide
resistance in plants during host plant interactions by
several workers like Mondal et al. (2013) and Subhash
et al. (2013) as it increases the unpalatability of the food
materials which may be the possible reason for receiving
low incidence of thrips. Simultaneously, higher total
chlorophyll content resulted in dark colour may not attract
thrips. The nutrients like calcium and sulphur had a
significant positive association with thrips damage (fig.
2). The present findings are in conformity with Saleem
et al. (2013) against thrips in cotton. Calcium is an
essential component in cell wall and membrane of plant
cell which also helps in formation of new cells. Higher
calcium results in formation of new cells, ultimately
resulting in new tissues and young flesh which attracts
more thrips population and had a positive effect in thrips
damage, whereas, potassium has a negative effect on
thrips incidence, which act as a resistant factor in plants.

In the present investigation, the thrips damage was
ranged from 15.63% to 65.47%. The lowest per cent of
damage was found in Phule Jyothi (15.63%). Besides,
DCA-232 (20.94%), DCA-142 (22.5%), DCA- 106
(24.22%) and DCA-205 (25%) were found better in
comparison to susceptible check Byadgi Kaddi (65.47%)
and Byadgi Dabbi (64.38%), which recorded highest
damage of thrips incidence (fig. 3). The variation in
damage may be due to differential load of thrips population
on different genotypes based on the morphological,
biochemical or nutritional variations in plants. The
genotypes which were highly susceptible may be more
preferred by the thrips due to thin leaf, more sugar
content, low chlorophyll and phenol content might have
favoured more thrips population and thrips feeding
damages the leaves, reducing the photosynthetic capacity,
resulting in reduced fruit production (Shipp et al., 1998).
Similarly, Phule Jyothi, which is moderately resistant
recorded low sugar, higher phenol with moderate
potassium content and rough leaves (visual observation).

These traits might have avoided the thrips population and
resulted less thrips infestation on it. The results were in
accordance with Varadharajan and Veeravel (1996),
Goffreda et al. (1990) and Mondal et al. (2013). Other
factors beyond the scope of the investigations might also
be the key factors of resistance to thrips. Any leaf
character that interferes with the thrips life-cycle is a
potential resistance factor, which may contribute to the
mechanism of defence against thrips. It is known that
both morphological and bio chemical characters of leaves
can play a role in defence against insects (Rosenthal and
Kotanen, 1994). The information generated from
screening of chilli genotypes for thrips resistance and
resistant source identified in the present study could be
exploited further and can be used as a donor in thrips
resistant breeding programmes. On the basis of genetics
for different characters as summarized above, it can be
concluded that there is an existence of greater amount
of variability for the important yield attributing characters
in different genotypes, which can be utilized for further
improvement of chilli through hybridization program.
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