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Abstract

An experiment was carried out to determine the genetic variability parameters and character associations in thirty-two
chilli genotypes. Based on mean performance, 11 genotypes were observed to be superior for marketable green fruit
yield than the standard check varieties ‘Him Palam Mirch-2° and DPCH-40-2. High to moderate estimates of PCV
and GCV with high heritability coupled with high genetic advance were observed for marketable green fruits/plant,
marketable green fruit yield/plant, total green fruits/plant and average green fruit weight. Marketable green fruit yield/
plant had positive and significant association with average green fruit weight, marketable green fruits/plant, total green
fruits/plant, percent marketable green fruits/plant, ascorbic acid and capsaicin content. In view of direct and indirect
contribution of component traits, selection on the basis of total fruits/plant and average green fruit weight would be
a paying preposition for evolving high yielding genotypes for marketable green fruit yield. The present findings could
be useful in selecting superior genotypes to achieve genetic gain and yield advantage in chilli breeding programmes.
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Chilli (Capscium annuum L.) (2n=24) a significant
vegetable cum spice crop in the family Solanaceae,
originates from South and Central America. It is widely
grown in tropical Asia and equatorial America with an
extensive amount of genetic diversity due to its edible
and pungent fruit with nutritional values (Herath et al.,
2021). With an annual production of 4363 thousand MT
from 411 thousand ha, India is the world’s top producer,
consumer and exporter of green chilli (NHB, 2020-
21). The genus Capsicum is a source of products that
are used as a vegetable, spice, condiment, culinary
supplement, medicine, and ornamental plant all over the
world. Chilli fruit contains a wide range of antioxidants,
vitamins especially vitamin A and C, a crystalline caustic
volatile alkaloid-capsaicin, which determine the great
variability of the fruit's smell, flavour, taste which in turn
affects consumer preference (Bhutia et al., 2015).

Due to its distinct status as a delicacy from the Himalayan
hills, the crop has a high commercial value in Himachal
Pradesh’s hilly terrain. Due to the cultivation of different
local land races, the yield of this crop in most of the area
is very low. Furthermore, because of its often cross-
pollination behaviour, different biotic and abiotic stresses,
as well as genetic drift in cultivars, are key issues for
low yields (Sharma et al., 2017). Green chilli fruits are
immense source of vitamin C, vitamin A, B-complex
(niacin, pyridoxine, riboflavin and thiamin) as well as
antioxidants and minerals (Lata et al., 2023). Despite its
great nutritional content, consumer acceptance, and wide
range of genetic variability, the optimum productivity in
chilli still remains to be achieved. Therefore, it is desirable
to develop a new better adaptable and productive variety
through systematic breeding programme. Genetic
variability is considered as an important aspect for crop
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improvement program for finding high yielding progenies
(Bhardwaj et al, 2020). Selection from the existing
variations is the oldest and most effective breeding
procedure. Heritability is an important parameter that
determines the extent of expressivity of a trait (Sathya et
al., 2021). The magnitude of heritable diversity in genetic
components is important for understanding their genetic
constitution, which has a direct impact on their selection
response. The partitioning of correlation coefficients into
the direct and indirect impacts of different characters on
yield becomes simple by path coefficient analysis, and
it can be helpful in providing information that could help
to enhance yield related traits (Sharma et al., 2019).
The aim of any breeding program depends on genetic
diversity and character association. Hence, the present

investigation was carried out to determine the extent of
genetic variability for important growth and fruit characters
as well as to study the character association of different
independent characters on dependent variable, as part of
a chilli improvement programme.

The investigation was carried out with 32 chilli genotypes,
including five from AICRP on vegetable crops trial and
three checks viz., Him Palam Mirch-1, Him Palam Mirch-2
and Surajmukhi (Table 1 ) at the Experimental Farm of
Department of Vegetable Science and Floriculture,
Chaudhary Sarwan Kumar Himachal Pradesh Krishi
Vishvavidyalaya, Palampur during summer season of the
year 2020. The trial was laid out in randomized complete
block design with three replications. The experimental field

Table 1. List of chilli genotypes used in the experiment along with their source

S. No. Genotypes Source

1 DPCH 6-2 Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
2 DPCH9Y Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
3 DPCH 10PP Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
4 DPCH 13-1 Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
5 DPCH 21 Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
6 DPCH 22C Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
7 DPCH 28-12 Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
8 DPCH 28-13 Department of Vegetable Science and Floriculture, CSKHPKV Palampur (HP)
9 DPCH 29-11 Department of Vegetable Science and Floriculture, CSKHPKV Palampur (HP)
10 DPCH 29-12 Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
11 DPCH 32-11 Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
12 DPCH 32-21 Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
13 DPCH 33-2 Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
14 DPCH 38-121 Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
15 DPCH 38-122 Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
16 DPCH 38-22 Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
17 DPCH 39-11 Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
18 DPCH 39-12 Department of VVegetable Science and Floriculture, CSKHPKV Palampur (HP)
19 DPCH 40-2 Department of Vegetable Science and Floriculture, CSKHPKV Palampur (HP)
20 DPCH 104-1 Department of Vegetable Science and Floriculture, CSKHPKV Palampur (HP)
21 DPCH 501 Department of Vegetable Science and Floriculture, CSKHPKV Palampur (HP)
22 DPCH 502 Department of Vegetable Science and Floriculture, CSKHPKV Palampur (HP)
23 DPCH-US-1 Department of Vegetable Science and Floriculture, CSKHPKV Palampur (HP)
24 DPCH-US-2 Department of Vegetable Science and Floriculture, CSKHPKV Palampur (HP)
25 2019/CHIVAR-1 Indian Institute of VVegetable Research, Varanasi

26 2019/CHIVAR-5 Indian Institute of VVegetable Research, Varanasi

27 2019/CHIVAR-6 Indian Institute of VVegetable Research, Varanasi

28 2019/CHIVAR-7 Indian Institute of VVegetable Research, Varanasi

29 2019/CHIVAR-9 Indian Institute of VVegetable Research, Varanasi

30 Him Palam Mirch-1 Department of Vegetable Science and Floriculture, CSKHPKV (HP)

31 Him Palam Mirch-2 Department of Vegetable Science and Floriculture, CSKHPKV (HP)

32 Surajmukhi Department of Vegetable Science and Floriculture, CSKHPKV (HP)
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is situated at 32°6' N latitude and 76°3' E longitude at an
altitude of 1,290.8 m above msl and represents the mid-
hill zone of Himachal Pradesh, with annual precipitation of
2,500 mm. The soil is classified as Alfisolstypic Hapludalf
clay with a pH of 5.7. The experimental material was
sown on 28" February 2020 in the nursery bed measuring
3 mx1mx 15 cmin size. Eight week old seedlings were
transplanted in the main field. Each genotype was planted
in plots of two rows with the length of 2.25 m consisting
of ten plants in each replication with inter and intra row
spacing of 45 cm x 45 cm, respectively. Data was recorded
on five randomly selected plants per entry per replication
for various biometrical characters, viz. days to flowering,
days to first harvest, leaf width, leaf length, leaf petiole,
primary branches/plant, secondary branches/plant, plant
height, fruit length, pedicel length, fruit girth, average
green fruit weight, marketable green fruit number/plant,
total green fruits/plant, percent marketable green fruits/
plant, marketable green fruit yield/plant, harvest duration,
ascorbic acid and capsaicin content.

Analysis of Variance (ANOVA) was analyzed as per
Gomez and Gomez (1983). Ascorbic acid content was
recorded from the marketable green fruits by using 2,6-
dichlorophenol-indophenol Visual Titration Method’ as
described by Ranganna (1977). The capsaicin content
in the marketable green fruits was determined by
Colorimetric method using Folin—Ciocalteu (FC) reagent

described by Bajaj (1980).The data were analysed for
estimation of genotypic, phenotypic and environmental
coefficient of variation following Burton and De Vane
(1953). Estimates of genotypic and phenotypic correlation
were obtained using the formulae proposed by Al-dibouri
et al. (1958). Path coefficient was obtained according to
the procedure elaborated by Dewey and Lu (1959).

The ANOVA revealed that the difference in mean
performance for all characters  studied in the selected
chilli genotypes were significant indicating the presence of
genetic variability among the genotypes and considerable
scope for their improvement (Table 2). Earlier workers
namely, Janaki et al. (2015) and Meena et al. (2016) have
also revealed variability for different characters based on
the result from their respective genetic materials of chilli
in their respective locations.

Based on mean performance, the genotype DPCH-
US-2 was observed to be earliest in duration. DPCH 502
recorded the highest fruit length and primary branches
while, DPCH-13-1 had significantly more secondary
branches per plant. The maximum fruit girth and average
green fruit weight was found in 2019/CHIVAR-5. On the
other hand, 2019/CHIVAR-7 had significantly more leaf
length and leaf width in comparison to the best check
Him Palam Mirch-1 (Table 3). Among ten genotypes
which revealed significantly maximum plant height in

Table 2. Analysis of variance for yield, yield attributes of marketable green chilli

Traits Replication Genotypes Error
df 2 31 62
Days to flowering 3.87 52.55* 5.57
Days to first harvest 7.53 67.34* 5.85
Pedicel length (cm) 0.009 0.605* 0.019
Fruit length (cm) 0.06 7.64* 0.06
Fruit girth (cm) 0.01 0.45* 0.04
Leaf petiole(cm) 0.001 212 0.008
Leaf length(cm) 0.006 4.482* 0.01
Leaf width(cm) 0.01 0.88* 0.01
Primary branches per plant 0.84 0.51* 0.08
Secondary branches per plant 10.15 11.25* 0.52
Plant height (cm) 21.09 365.96* 9.49
Average green fruit weight (g) 0.03 3.92¢ 0.05
Marketable green fruits per plant 11.64 3129.27* 19.03
Total green fruits per plant 17.77 2701.87* 20.46
Per cent marketable green fruits per plant 0.428 162.38* 1.31
Marketable green fruit yield per plant (g) 1872.61 40214.40* 320.35
Harvest duration (days) 0.13 32.02* 8.65
Ascorbic acid (mg per 100g of fresh fruit weight) 5.99 395.99* 5.99
Capsaicin content (per cent) 0.00 0.002* 0.00
*Significant at P < 0.05
187
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comparison to best check ‘Surajmukhi’, DPCH-29-12,
DPCH-10PP and DPCH-28-13 were placed at top three
positions while DPCH-9Y and DPCH-502 performed at
par with the best check ‘Surajmukhi’.

Two genotypes namely, DPCH-32-11 and DPCH-40-2
recorded significantly maximum total and marketable
green fruits per plant than best check ‘Him Palam Mirch-1".
Only one genotype DPCH-40-2 was found significantly
superior than best check ‘Him Palam Mirch-1" in percent
marketable green fruits per plant. Among the genotypes,
DPCH-40-2 revealed the highest marketable fruit yield
and significantly outperformed the best check ‘Him
Palam Mirch-2" along with ten other genotypes. Longer
harvest duration was observed in genotype DPCH-
104-1. Ascorbic acid has anti-oxidant properties, which
helps in strengthening the immune system of the body
against diseases. Five genotypes namely, DPCH-38-121,
DPCH-38-22, DPCH-US1, DPCH-40-2 and DPCH-32-11
recorded significantly more ascorbic acid content to that
of best check ‘Him Palam Mirch-2’ (Table 3). Based on
capsaicin content, six genotypes DPCH-US-2, DPCH-
29-11, DPCH-US1, DPCH-29-12, DPCH-501 and DPCH-
104-1 showed similar pungency to that of Surajmukhi.
The value of phenotypic coefficient of variation (PCV)
was slightly greater than the genotypic coefficient of
variation (GCV) for all the traits studied, indicating that

the environment had a considerable impact on their
expression. The highest values of PCV and GCV was
recorded in marketable green fruits per plant, displaying
significant variability, implying that these attributes can
be improved by selection. Moderate estimates of PCV
and GCV was observed for most of the characters,
implying that selection for these characteristics should
be approached with caution. Heritability is important in
understanding whether phenotypic changes in various
traits are due to genetics or environmental influences.
High heritability estimates was observed for traits such
as leaf length followed by leaf petiole, marketable green
fruits per plant, total green fruits per plant, fruit length, per
cent marketable green fruits per plant, marketable green
fruits yield per plant, leaf width, average green fruit weight,
ascorbic acid, plant height, pedicel length and secondary
branches per plant which revealed the lesser influence
of environment and greater role of genetic components
of variation. High heritability, on the other hand, does
not always imply high genetic gain, and heredity alone is
insufficient to predict improvement by simple phenotypic
selection. High heritability along with high genetic advance
were observed for the traits number of marketable green
fruits per plant, marketable green fruit yield per plant,
total green fruits per plant and average green fruit weight
demonstrating the importance of additive gene activity in
the expression of these traits. The results obtained in this

Table 4. Estimates of parameters of variability for various traits including marketable green crop

Traits Environment Genotypic Phenotypic ECV GCV  PCV h? GA
variance variance variance (%) (%) (%) %)

Days to flowering 5.57 15.66 21.24 5.51 9.24 10.76 73.75 16.35
Days to first harvest 5.85 20.49 26.35 4.45 8.33 9.45 77.78 15.14
Leaf width (cm) 0.01 0.29 0.30 2.91 14.26 1455 96.02 28.79
Leaf length (cm) 0.01 1.49 1.50 1.22 13.92  13.97 99.24 28.56
Leaf petiole (cm) 0.01 0.70 0.72 1.85 1740 17.50 98.88 35.65
Primary branches per plant 0.09 0.14 0.23 1029 13.16 16.70 62.03 21.35
Secondary branches per plant 0.53 3.57 4.10 6.15 16.03 17.17 87.16  30.83
Plant Height (cm) 9.50 118.82 128.32 5.01 17.71 1840 92.60 35.10
Fruit length (cm) 0.06 2.52 2.59 2.94 18.93 19.16 97.65 38.53
Pedicel length (cm) 0.02 0.19 0.21 4.01 12.95 13.56 91.22 2547
Fruit girth (cm) 0.04 0.13 0.18 6.45 1158 13.25 76.33 20.84
Average green fruit weight (g) 0.06 1.29 1.35 5.32 2573 26.28 9590 51.91
Marketable green fruits per plant 19.03 1036.74 1055.78 4.55 33.61 33.92 98.20 68.61
Total green fruits per plant 20.46 893.80 914.26 4.23 2796 28.26 97.89 56.98
Per cent marketable green fruits per plant 1.32 53.68 55.00 1.30 8.31 8.41 97.60 16.90
Marketable green fruit yield per plant (g) 320.36 13298.01 13618.37 4.41 28.40 28.74 97.60 57.81
Harvest duration 8.69 7.78 16.47 5.01 4.74 6.90 4721  6.71

Ascorbic acid (mg/100g) 5.99 130.00 135.99 4.48 20.85 21.32 95.60 41.99
Capsaicin content (%) 0.00 0.00 0.00 4.76 13.11  14.13 86.08 25.06

PCV and GCV represent phenotypic and genotypic coefficients of variation, respectively; h?, : Heritability in broad sense; GA (%):

Genetic advance (%) of mean
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study was confirmed by Sharma et al. (2014) and Mishra
et al. (2015) who also reported high level of heritability
and genetic advance for marketable green fruit yield in
chilli (Table 4).

Correlation for marketable green fruit yield per plant
showed positive association with marketable green
fruits per plant followed by per cent marketable green
fruits per plant, total green fruits per plant, ascorbic acid,
capsaicin content, fruit girth, plant height and average
green fruit weight at both phenotypic and genotypic levels
(Table 5). Earlier research workers have also revealed
positive and significant correlation of marketable green
fruit yield per plant with plant height (Negi and Sharma,
2019), marketable green fruits per plant (Hasan et al.,
2016) and total green fruits per plant (Srinivas et al,
2020). Selection based on these features may result
in increased yield, and these should be given specific
attention for improving green fruit output. A positive and
significant association of days to flowering with days to
first harvest observed in the study indicated that early
maturing genotypes would be an appropriate selection
criterion to get early yield. In addition, positive and
significant associations at both phenotypic and genotypic
levels was recorded for secondary branches per plant
with percent marketable green fruits per plant, harvest
duration, ascorbic acid, marketable green fruits per
plant and total green fruits per plant which revealed that
improvement in these traits would enhance green fruits/
plant and ultimately yield.

Path analysis exposed that total green fruits per plant had
the maximum positive direct effect on marketable green
fruit yield per plant at both phenotypic and genotypic
levels followed by average green fruit weight, per cent
marketable green fruits per plant, fruit girth and fruit
length indicating the importance of these qualities in a
yield-improving selection programme (Table 6). These
results are also in consonance with the results of Patel
et al. (2015) for average fruit weight, plant height (Negi
and Sharma, 2019) and fruit length (Deepo et al., 2020)
on marketable green fruit yield per plant. In addition,
plant height and days to first harvest at phenotypic level
with low magnitude whereas, leaf width and days to
flowering at genotypic level with considerable magnitude
also contributed directly towards marketable green fruit
yield per plant. The positive indirect effect via total green
fruits per plant, average green fruit weight and per cent
marketable green fruits per plant were the main contributor
to the correlation between plant height, fruit girth, average
green fruit weight, marketable green fruits per plant, total
green fruits per plant, per cent marketable green fruits per
plant, ascorbic acid, capsaicin content and marketable
green fruit yield per plant.

Based on the present study, it can be concluded that
‘DPCH-40-2’, ‘DPCH-29-12’, ‘DPCH-502’, ‘DPCH-501’,
‘DPCH-28-13', ‘DPCH-32-11’, ‘DPCH-29-11’, ‘DPCH-

US-1', ‘DPCH-US-2’, ‘DPCH-104-1" and ‘DPCH-32-271’
were the top perfoming genotypes for marketable green
fruityield per plant. High PCV, GCV, heritability and genetic
advance were noted for marketable green fruits/plant,
total green fruits/plant along with fruit length, average fruit
weight and secondary branches per plant. The correlation
and direct and indirect effects suggested to focus on plant
height, average green fruit weight, fruit length, fruit girth,
marketable green fruits/plant, total green fruits/plant and
percent marketable green fruits/plant to frame profitable
approach for developing high producing chilli genotypes.
These traits would be a paying preposition for the
improvement of chilli for green fruit yield.
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