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Thirty five chilli genotypes were evaluated in a randomized block design at College of Horticulture, Rajendranagar, Sri 
Konda Laxman Telangana State Horticultural University, Hyderabad, Telangana state, India during Kharif, 2019 for 

seven months and at National Bureau of Plant Genetic Resources, Regional station, Rajendranagar, Hyderabad during Rabi 
2019-20 for seven months to estimate genetic variability, heritability, genetic advance and genetic advance as % of mean of 
seventeen yield and yield related traits. For all the traits studied, the magnitude of PCV was higher than corresponding GCV. 
High Phenotypic coefficient of variation and genotypic coefficient of variation estimates were recorded for plant height, plant 
spread, fruit length, fruit diameter, number of fruits plant-1, fruit weight, fruit yield plant-1, fruit yield plot-1, ascorbic acid, 
capsaicin content and capsanthin content indicating the existence of wider genetic variability for these traits in the genotypes 
studied. High heritability was recorded for the traits Days to first flowering, Fruit length, Fruit diameter, No. of fruits plant-1, 
Fruit weight, Fruit yield  plant-1, Fruit yield plot-1, Ascorbic acid, Chlorophyll content, Capsaicin content and Capsanthin 
content. High heritability coupled with high genetic advance as %  mean indicates existence of additive gene action which 
was observed in fruit length, fruit diameter, number of fruits plant-1, fruit weight, fruit yield  plant-1, fruit yield plot-1, ascorbic 
acid, chlorophyll content, capsaicin content and capsanthin content. Hence these traits can be improved by direct selection.
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1.   INTRODUCTION

Chilli (Capsicum annuum L.) (2n=24) is one of the 
most popular vegetables, originated from South and 

Central America (Bahurupe et al., 2013). It is the second 
most important solanaceous vegetable after tomato grown 
worldwide both as a spice or vegetable crop (Hasan et 
al., 2014). It is probably introduced by Portuguese into 
Southern parts of India in 16th century and cultivation 
spread out throughout India by the end of 19th century. Rich 
variability in morphological traits in chilli occurs throughout 
India particularly in south peninsular region, North Eastern 
foot hills of Himalayas and Gangetic plains (Pradheep and 
Veeraragavathatham, 2006). It is a spice, a fruit vegetable 
widely cultivated in the world and its importance in human 
food is capital (Dias et al., 2013). It is mainly used for its 
pungency and pleasant flavor. Particularly in India, there is 
no home which does not consume chilli. India is the world’s 
largest producer, consumer and exporter of chilli. Chilli is 
rich in proteins, lipids, carbohydrates, fibres, mineral salts 
(Ca, P, Fe) and in vitamins A, D3, E, C, K, B2 and B12 
(El-Ghoraba et al., 2013). It is sometimes referred as capsule 
of vitamin C because of rich vitamin C content in the fruit 
(Durust et al., 1997). Consumption of small amount of chilli 
enriches diet and considered as of minerals, vitamins and 
other food components (Farhad et al., 2010).

Due to long history of cultivation, selection and popularity 
of crops sufficient genetic variability has been generated. 
Germplasm characterization is essential to utilize and 
improve plant genetic resources in various breeding 
programs (Pidigam et al., 2019). Improvement of any crop 
depends on magnitude of genetic variability and the extent 
of heritability of economically important characters, though 
the part played by environment in the expression of such 
character also needs to be taken into account. Plant breeding 
programs focus on increasing crop yield in a wide range of 
growing conditions (Saidaiah et al., 2021a). Hence new 
genotypes must be characterized to assess the variability and 
identify promising genotypes which can be used in further 
breeding programmes (Munshi et al., 2000; Sarma and Roy, 
1995, Sreelathakumary and Rajamony, 2004, Pidigam et al., 
2021). Therefore, identification and utilization of diverse 
genotypes is essential for breeding new cultivars in a desired 
direction (Aparna et al., 2014). The knowledge of variability 
provided by principal component analysis is helpful to select 
genetically and agronomically-important genotypes (Isong 
et al., 2017). Greater the variability in a population, there 
will be the greater chance for effective selection for desirable 
types (Vavilov, 1951). Generally, genotypic coefficient of 
variability (GCV) and phenotypic coefficient of variability 
(PCV) are measured to study the variability. Heritability 
estimates give a measure of transmission of characters from 

one generation to another (Sabri et al., 2020, Saidaiah et 
al., 2021a, b, c). After all, the trait improvements that 
can be made through direct selection are estimated by 
the availability of heritable variation (Khan et al., 2020). 
Phenotypic plant expression may not be actual genetic 
potential of genotypes since environment can affect genotype 
response, genetic analysis determine the breeding method 
to achieve maximum genetic advancement with available 
resources (Manjunathagowda and  Anjanappa, 2021). 
Heritability and genetic advance helps in determining the 
influence of environment in expression of the characters and 
the extent to which improvement is possible after selection. 
Genetic advance provides information on expected gain 
resulting from selection of superior individuals (Lingaiah 
et al., 2019). Efficiency of selection can be determined by 
using genetic advance (Ashish et al., 2017). In this regard 
the present investigation was carried out to study genetic 
variability, heritability and genetic advance for yield and 
yield related traits.

2.   MATERIALS AND METHODS

The present experiment was laid out in a Randomized 
Block Design with 35 chilli accessions as treatments at 

College of Horticulture, Rajendranagar, Sri Konda Laxman 
Telangana State Horticultural University, Hyderabad, 
Telangana State, India during seven months of Kharif, 
2019 for seven months and at NBPGR Regional station, 
Rajendranagar, Hyderabad during Rabi, 2019-20 for seven 
months. The site of the experiment is situated in semi arid 
tropical zone at an altitude of 542.6 m above mean sea level. 
Geographically, it lies at latitude of 17º19’ N and a longitude 
of 79º23’ E. Each treatment was randomly replicated thrice. 
The experimental material used in this experiment were 
presented in Table 1.

Nursery of 35 chilli genotypes was raised in protrays with 
50 cells. Vermicompost, FYM and red earth were taken in 
the ratio of 2:1:1 and filled in pro trays. Each seed was sown 
in each cell of the pro tray. Six weeks old healthy seedlings 
were transplanted in the main field after allotting entries 
randomly in each replication. Each germplasm line was 
grown in a plot of 1.8 ×4.2 m2 (7.56 Sq. meters), 7 plants 
per row with spacing of 60×60 cm2 per replication. The 
plots were kept free of weeds and irrigated as and when 
required depending on soil moisture content. Need based 
plant protection measures were taken up to keep the plot 
free from pests and diseases.

Data was collected for 17 characters related to growth 
and fruit yield viz., plant height (cm), plant spread (cm2), 
number of primary branches plant-1, days to first flowering, 
days to 50% flowering, days to first harvest, days to last 
harvest, fruit length(cm), fruit diameter(cm), number of 
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variability like mean, range and the major components of 
variability were calculated from the pooled data.

2.1.  Genotypic variance and phenotypic variance 

Phenotypic and genotypic components of variance were 
estimated by using the formula given by Cochran and Cox 
(1957).

Genotypic variance(σ2
g)=(MSS due to genotypes-MSS due 

to error)/r

Phenotypic variance=Genotypic variance (σ2
g)+Error 

variance (σ2
e)

2.2.  Co-efficient of variability

Both phenotypic and genotypic co-efficients of variability 
for all characters were estimated using the formula of Burton 
and De Vane (1953). 

Phenotypic Co−efficient of variability (PCV %) 
=(√Phenotypic variance/grand mean)×100 

Genotypic Co−efficient of variability (GCV %) =(√Genotypic 
variance/Grand mean)×100      

PCV and GCV were classified as per Sivasubramanian and 
Menon (1973) as shown below:

Low : Less than 10% 

Moderate : 11–20%

High: 21% and above

2.3.  Heritability in broad sense (h2 )

Broad sense heritability (h2
bs) was estimated and expressed 

as the ratio of genotypic variance to the phenotypic variance 
and expressed in % (Lush, 1949 and Hanson et al., 1956).

h 2 =(Genotypic variance/Phenotypic variance)×100

The range of heritability was categorized as follows (Johnson 
et al., 1955) 

Low : Less than 30% 

Moderate: 30–60% 

High : 60% and above

2.4. Genetic advance (GA)

 The expected genetic gain or advance for each character 
was estimated by using the following method suggested by 
Johnson et al. (1955). 

GA=h 2
bs x σp×K 

Where, 

h 2
bs=Heritability estimate in broad sense 

σ p=Phenotypic standard deviation of the trait 

K=Standard selection differential which is 2.06 at 5% 
selection intensity. 

Further the Genetic advance as per cent of mean was 
computed by using the following formula

Table 1: Analysis of Variance for 17 yield and yield attributes 
in 35 genotypes of chilli

S l . 
No.

Character Mean Sum of Squares

Repli-
cations     
(df=2)

Treatments 
(df=34)

Error 
(df=68)      

1. Plant height 
(cm)

11.96 946.55*** 118.49

2. Plant spread 
(cm2)

77.69 7555136.93*** 1434964.10

3. No. of primary 
branches 
plant-1

0.36 1.62*** 0.50

4. Days to first 
flowering

8.82 161.99*** 14.84

5. Days to 50 % 
flowering

5.10 148.81*** 18.96

6. Days to first 
harvest

29.39 357.60*** 57.25

7. Days to last 
harvest

21.60 400.60*** 114.50

8. Fruit length 
(cm)

0.02 30.32*** 1.52

9. Fruit diameter 
(cm)

0.0008 0.47*** 0.03

10. No. of fruits 
plant-1

18.14 6347.56*** 74.04

11. Fruit weight 
(g)

0.05 29.51*** 0.27

12. Fruit yield 
plant-1 (kg)

0.0005 0.16*** 0.003

13. Fruit yield 
plot-1 (Kg)

0.15 31.62*** 0.61

14. Ascorbic acid 
(mg/100g)

3.20 11554.87*** 2.50

15. Chlorophyll 
content (%)

0.01 0.34*** 0.01

16. Capsaicin 
content (%)

0.0001 0.16*** 0.001

17. Capsanthin 
content 
(ASTA units)

0.63 15796.45*** 5.36

fruits plant-1, fruit weight (g), fruit yield plant-1 (kg plant-1), 
fruit yield plot-1 (kg), ascorbic acid content (mg 100 g-1 of 
fruit), chlorophyll content of green chilli, capsaicin content 
(%) and capsanthin content (ASTA units). The data was 
subjected to biometrical analysis. The simple measures of 
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GA as % of mean =(GA/Grand mean)×100 

The range of genetic advance as % of mean was classified 
as suggested by Johnson et al. (1955). 

Low : Less than 10%

Moderate: 10–20%

High: 20% and above

3.   RESULTS AND DISCUSSION

Analysis of variance (Table 2) revealed that there was 
significant difference among the 35 genotypes for all the 

traits studied indicating the presence of significant variability 
in the genotypes These findings are in line with earlier 
reports of Singh and Singh, (2011) and Krishnamurthy et al. 
(2013). The simple measures of variability like mean, range 
and the major components of variability such as phenotypic 
and genotypic coefficients of variation (PCV and GCV), 
heritability in broad sense (h2), genetic advance and genetic 
advance as % of mean are presented in Table 3 and Table 4. 
All the 17 characters under study exhibited high variability 
as evident from the estimates of mean, range, coefficients 
of variation, heritability and genetic advance. 

Table 2: List of chilli genotypes used for evaluation along with their sources

Tr. 
No.

Genotype Source Tr. 
No.

Genotype Source

T1 IC-347044 NBPGR Regional Station, Hyderabad T19 IC-528442 NBPGR Regional Station, Hyderabad

T2 IC-363918 NBPGR Regional Station, Hyderabad T20 EC-399535 NBPGR Regional Station, Hyderabad

T3 IC-363993 NBPGR Regional Station, Hyderabad T21 EC-378632 NBPGR Regional Station, Hyderabad

T4 IC-561676 NBPGR Regional Station, Hyderabad T22 IC-215012 NBPGR Regional Station, Hyderabad

T5 IC-561622 NBPGR Regional Station, Hyderabad T23 EC-378688 NBPGR Regional Station, Hyderabad

T6 IC-610381 NBPGR Regional Station, Hyderabad T24 IC-214966 NBPGR Regional Station, Hyderabad

T7 IC-505237 NBPGR Regional Station, Hyderabad T25 IC-319335 NBPGR Regional Station, Hyderabad

T8 IC-447018 NBPGR Regional Station, Hyderabad T26 IC-394819 NBPGR Regional Station, Hyderabad

T9 IC-572459 NBPGR Regional Station, Hyderabad T27 IC-572498 NBPGR Regional Station, Hyderabad

T10 IC-610383 NBPGR Regional Station, Hyderabad T28 EC-399581 NBPGR Regional Station, Hyderabad

T11 IC-214965 NBPGR Regional Station, Hyderabad T29 IC-526737 NBPGR Regional Station, Hyderabad

T12 EC-402113 NBPGR Regional Station, Hyderabad T30 IC-570408 NBPGR Regional Station, Hyderabad

T13 IC-410423 NBPGR Regional Station, Hyderabad T31 IC-561648 NBPGR Regional Station, Hyderabad

T14 IC-526448 NBPGR Regional Station, Hyderabad T32 IC-334383 NBPGR Regional Station, Hyderabad

T15 EC-399567 NBPGR Regional Station, Hyderabad T33 SINDHURc NBPGR Regional Station, Hyderabad

T16 IC-561655 NBPGR Regional Station, Hyderabad T34 LCA-625c NBPGR Regional Station, Hyderabad

T17 EC-390030 NBPGR Regional Station, Hyderabad T35 PUSA JWALAc NBPGR Regional Station, Hyderabad

T18 IC-528433 NBPGR Regional Station, Hyderabad

Among different characters studied high PCV and GCV 
estimates were recorded for plant height (25.52% and 
18.72%), plant spread (42.66% and 27.50%), fruit length 
(33.69% and 29.34%), fruit diameter (25.79% and 21.47%), 
number of fruits plant-1 (49.34% and 47.68%), fruit weight 
(49.83% and 48.49%), fruit yield plant-1 (61.68% and 
58.16%), fruit yield plot-1 (61.14% and 57.81%), ascorbic 
acid (47.03% and 47.00%), capsaicin content (38.51 % and 
37.47%) and capsanthin content (21.39% and 21.36%) 
indicating the existence of wider genetic variability for 
these traits in the genotypes studied. This also indicates the 
presence of broad genetic base and these traits are under 
the control of additive gene effects and hence, there is a 
good scope for further improvement of these characters 

through simple selection. On the other hand, PCV and 
GCV estimates were moderate to low for number of primary 
branches plant-1 (19.65% and 10.23%), days to first flowering 
(12.46% and 9.83%), days to 50% flowering (11.32% and 
8.26%), days to first harvest (12.17% and 8.31%), days to 
last harvest (8.64% and 4.68%) and chlorophyll content 
(13.82% and 12.19%) suggesting moderate to narrow range 
of genetic variability. 

For all the traits studied, the magnitude of PCV was higher 
than corresponding GCV indicating that the apparent 
variation is not only due to genotype but also due to the 
favourable influence of environment. Hence for these 
traits selection based on phenotype is not suitable as their 
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Table 3: Estimates of mean, range, components of variance, heritability and genetic advance in chilli genotypes from pooled data

S l . 
No.

Character Mean Sum of Squares Mean Phenotypic 
variance

Genotypic 
variance

PCV 
(%)

GCV 
(%)Minimum Maximum

1. Plant height (cm) 47.53 102.48 62.73 256.50 138.01 25.52 18.72

2. Plant spread (cm2) 1707.83 5950.50 3672.08 2454993.00 1020029.00 42.66 27.50

3. No. of primary branches plant-1 3.26 5.15 4.22 0.68 0.18 19.65 10.23

4. Days to first flowering 36.25 59.60 50.35 39.36 24.52 12.46 9.83

5. Days to 50 % flowering 45.78 66.28 56.27 40.60 21.64 11.32 8.26

6. Days to first harvest 66.66 98.66 85.09 107.31 50.05 12.17 8.31

7. Days to last harvest 131.50 163.66 147.26 162.18 47.68 8.64 4.68

8. Fruit length (cm) 2.88 14.80 7.46 6.32 4.80 33.69 29.34

9. Fruit diameter (cm) 0.86 2.21 1.26 0.10 0.07 25.79 21.47

10. No. of fruits plant-1 15.16 166.66 67.80 1119.63 1045.58 49.34 47.68

11. Fruit weight (g) 1.78 11.81 4.55 5.14 4.87 49.83 48.49

12. Fruit yield plant-1 (kg) 0.11 0.82 0.28 0.03 0.02 61.68 58.16

13. Fruit yield plot-1 (Kg) 1.52 11.54 3.93 5.78 5.16 61.14 57.81

14. Ascorbic acid (mg/100g) 44.71 191.80 93.36 1927.90 1925.39 47.03 47.00

15. Chlorophyll content (%) 1.13 2.24 1.90 0.07 0.05 13.82 12.19

16. Capsaicin content (%) 0.21 0.83 0.44 0.02 0.02 38.51 37.47

17. Capsanthin content (ASTA 
units)

137.55 373.52 240.08 2637.21 2631.84 21.39 21.36

expression depends more on environmental factors. Similar 
observations were reported in chilli by Shah et al. (1986).. 
The difference between PCV and GCV was narrow for 
the traits plant height, days to first flowering, days to 
50% flowering, days to first harvest, days to last harvest, 
fruit length, fruit diameter, number of fruits plant-1, fruit 
weight, fruit yield plant-1, fruit yield plot-1, ascorbic acid, 
chlorophyll content, capsaicin content and capsanthin 
content indicating the little influence of environment on the 
expression of these characters. These results are supported 
by earlier observations of Krishnamurthy et al. (2013) and 
Sandeep et al. (2013). The difference between PCV and 
GCV was high for the traits plant spread and number of 
primary branches plant-1 indicating considerable influence 
of environment in expression of these traits. 

Heritability estimates the proportion of phenotypic variation 
due to genetic variation, thus giving an idea of heritable 
portion of variability and enabling the plant breeder in 
isolating the elite genotype in the crop. High heritability was 
recorded for the traits days to first flowering, fruit length, 
fruit diameter, number of fruits plant-1, fruit weight, fruit 
yield plant-1, fruit yield plot-1, ascorbic acid, chlorophyll 
content, capsaicin content and capsanthin content. Similar 
results were reported by Sreelathakumary and Rajamony 
(2004) for the traits fruit length, No. of fruits plant-1 and 

Fruit yield plant-1. In broad sense, high heritability of 
these traits indicated that large proportion of phenotypic 
variance was due to the genotypic variance and influence 
of environment is very less. Hence, selection can bring 
worthwhile improvement in these traits.

Heritability and genetic advance helps in determining the 
influence of environment in expression of the characters and 
the extent to which improvement is possible after selection. 
High heritability coupled with high genetic advance as % 
mean indicates existence of additive gene action which 
was observed in fruit length, fruit diameter, number of 
fruits plant-1, fruit weight, fruit yield plant-1, fruit yield 
plot-1, ascorbic acid, chlorophyll content, capsaicin content 
and capsanthin content. Hence, direct selection could be 
effective for desired genetic improvement for these traits. 
For the traits fruit length, fruit diameter, capsanthin and 
capsaicin content Similar results were reported by Pandiyaraj 
et al. (2017). For the traits No. of fruits plant-1 and fruit 
weight, the results are in conformity with Sran and Jindal 
(2019). High heritability along with high genetic advance 
reported for these traits provide good scope for further 
improvement in advance generation if subjected to mass 
progeny or family selection.

Moderate to high heritability coupled with high genetic 
advance as % of mean was exhibited by plant height and 
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Table 4: Estimates of heritability, genetic advance and 
genetic advance as percent of mean in chilli genotypes from 
pooled data

S l . 
No.

Character h2 Genetic 
advance

Genetic 
advance as 
% of mean

1. Plant height (cm) 53.80 17.75 28.29

2. Plant spread (cm2) 41.50 1341.08 36.52

3. No. of primary 
branches plant-1

27.10 0.46 10.97

4. Days to first 
flowering

62.30 8.05 15.99

5. Days to 50 % flowering 53.30 6.99 12.43

6. Days to first harvest 46.60 9.95 11.69

7. Days to last harvest 29.40 7.71 5.23

8. Fruit length (cm) 75.90 3.93 52.64

9. Fruit diameter (cm) 69.30 0.46 36.83

10. No. of fruits plant-1 93.40 64.37 94.29

11. Fruit weight (g) 94.70 4.42 97.20

12. Fruit yield plant-1 (kg) 88.90 0.31 112.99

13. Fruit yield plot-1 (kg) 89.40 4.42 112.63

14. Ascorbic acid (mg 
100 g-1)

99.90 90.33 96.75

15. Chlorophyll content 
(%)

77.90 0.42 22.18

16. Capsaicin content (%) 94.70 0.33 75.12

17. Capsanthin content 
(ASTA units)

99.80 105.57 43.97

plant spread which indicates that these traits are simply 
inherited in nature and controlled by few major genes or 
possessed additive gene effects. Hence, simple selection 
could be effective for improving this character.

Moderate genetic advance as % of mean with high or 
moderate heritability suggests the action of both additive 
and non-additive genes there by favorable influence of 
environment in the expression of the traits. The same 
was reported in case of days to first flowering, days to 
50% flowering and days to first harvest. Moderate to low 
heritability coupled with low genetic advance as % of mean 
indicates the influence of non-additive gene action and 
considerable influence of environment on the expression 
of these traits, which was observed in case of number of 
primary branches per plant and days to last harvest. Hence, 
the breeder should adopt suitable breeding strategy to utilize 
both additive and non-additive gene effects simultaneously, 
since varietal and hybrid development will go a long way in 
the breeding programme.

4.   CONCLUSION

Significant differences were observed among the 35 
genotypes for all the characters indicating the presence of 

wide range of variability which helps to choose the potential 
genotype. Wide range of variability was observed for plant 
height, plant spread, fruit length, fruit diameter, number of 
fruits plant-1, fruit weight, fruit yield plant-1, fruit yield  plot-

1, ascorbic acid, capsaicin and capsanthin content indicating 
the scope for selection of suitable initial breeding material 
from these genotypes for further improvement. 
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