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Abstract

The experimental materials comprising of fourteen chilli genotypes including ‘Surajmukhi’ as standard check 
were evaluated to examine the nature of variability, heritability, genetic advance, correlation and association of 
various traits with marketable yield. Analysis of variance showed significant differences among the genotypes 
in terms of both quantitative and qualitative traits. The yield potential of two genotypes, Him Palam Mirch-2 
and DPCh-101 was significantly higher than that of check ‘Surajmukhi’. High PCV and GCV was recorded for 
average green fruit weight, marketable green fruits per plant, non-marketable green fruits per plant and total 
green fruits per plant. High heritability along with high genetic advance was observed for primary branches 
per plant, internodal length, secondary branches per plant, fruit length, average green fruit weight, 
marketable green fruits per plant, non–marketable green fruits per plant, total green fruits per plant and 
marketable fruit yield per plant. Correlation studies showed that marketable green fruits per plant, total green 
fruits per plant, per cent marketable green fruits per plant and fruit girth had positive significant association, 
with marketable yield per plant indicating the importance of these traits in selection for yield. Path analysis 
revealed that total green fruits per plant, average green fruit weight, percent marketable green fruits per plant, 
fruit length, primary branches per plant and days to first harvest had the maximum positive direct effect on 
marketable green fruit yield per plant indicating that these traits are the main contributors to fruit yield. Based 
on these results, it can be concluded that due consideration should be focused on primary and secondary 
branches, fruit length, average fruit weight, number of fruits per plant and harvest duration for genetic 
improvement of chilli.
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Chilli (Capsicum annuum L.), a member of the 

Solanaceae family (2n = 24), is a popular commercial 

vegetable and condiment that is farmed around the 

world. Chillies were domesticated in Central America, 

most likely in Mexico, with secondary centers in 

Guatemala and Bulgaria (Salvador, 2002). Chilli can 

be used in a variety of forms, including fresh or cooked 

vegetables, herbs or spices, and a variety of processed 

foods (Hazra et al., 2011). Green chillies are rich 

source of Vitamin A, C and E. India is the world’s 

largest producer, consumer, and exporter of chilli, with 

a total area of 309 thousand hectares and a production 

of 3592 thousand metric tonnes per hectare (NHB, 

2020). Andhra Pradesh, Karnataka, Maharashtra, 

Orissa, Tamil Nadu, Madhya Pradesh, West Bengal, 

and Rajasthan are the major chilli growing states in 

India. 

In any crop development programme, the 

collection of diverse germplasm and their systematic 

evaluation are critical. Chilli has a wide range of plant 

and fruit characteristics that indicates its potential for 

generating high-yielding cultivars with acceptable 

fruit characteristics. The initial and cheapest input to 

boost the crop production is to make available high 

yielding and well adapted varieties by initiating a 

strong breeding programme. The level of success in 

improving germplasm through selection is determined 

by genetic variability, which provides the possibility 

to improve production and quality through a 

systematic breeding programme (Sharma et al. 2020). 
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Crop improvement with heritable characters, 

estimation of genetic parameters and their association 

is of prime importance in breeding programme 

(Bozokalfa et al. 2010; Sood et al. (2011); Negi and 

Sharma 2019). 

Yield is a complex quantitative trait which is 

driven by a large number of genes and is influenced by 

a variety of environmental factors. Selection of 

superior genotypes based on yield alone may be 

ineffective and therefore, to make selection effective, 

genetic variability must be separated from total 

variability, allowing the breeder to choose an 

appropriate breeding programme. Yield is linked to the 

number of component characters and variability 

studies alone will not be of much help in improving 

yield. To initiate a sound selection programme for 

improving yield, indirect selection of component traits 

is required based on knowledge of genetic correlations 

among the characters contributing to yield. 

Knowledge of correlation alone is often misleading as 

the correlation observed may not be always true. 

Simple correlation analysis that relates yield to a 

single variable may not provide a complete 

understanding of the importance of each component in 

determining fruit yield (Okuyama et al. 2004). As a 

result, analysis of inter component correlation is 

necessary to expose the direct and indirect 

contribution of each component which is determined 

by path-coefficient analysis (Sekhon et al. 2019). 

Keeping this in view, the present investigation was 

planned to evaluate 14 diverse genotypes of chilli for 

genetic variability, heritability and correlation 

between yield and other attributes.

Materials and Methods

A field experiment was conducted at Vegetable 

Research Farm, CSK Himachal Pradesh Krishi 

Vishvavidyalaya, Palampur for two consecutive years 

during summer-rainy season 2020 and 2021. The 

experimental materials comprising of 14 genotypes of 

chilli including four GMS lines namely; ‘DPChMS 9-

2’, ‘DPChMS11-2’, ‘DPChMS 26-1’, ‘DPChMS 29-

2’ and check ‘Surajmukhi’ were evaluated in 

randomized complete block design with three 

replications. Data were recorded on randomly taken 

five plants of each genotype in each replication 

followed by computing their means for the various 

traits viz., days to 50 % flowering, days to first harvest, 

fruit length (cm), pedicel length (cm), fruit girth (cm), 

plant height (cm), primary branches per plant, 

intermodal length of primary branch (cm), secondary 

branches per plant, average green fruit weight (g), 

marketable green fruits per plant, non-marketable 

green fruit per plant, total green fruits per plant, per 

cent marketable green fruits per plant, harvest duration 

(days) and marketable green fruit yield per plant (g). 

The data were subjected to analysis of variance as 

suggested by Panse and Sukhatme (1985). The 

genotypic and phenotypic variations and heritability 

were calculated as per the method of Burton and De 

Vane (1953). Genetic advance (GA) was calculated as 

per Burton and De Vane (1953) and Johnson et al. 

(1955). Coefficients of correlation were calculated as 

suggested by Al-Jibouri et al. (1958) while path 

coefficients of different traits with fruit yield per plant 

were carried out as per Dewey and Lu (1959).

Results and Discussion

Mean performance

 Chilli genotypes showed wide range of variability 

for most of the growth and fruit characters in 

respective years and pooled over the years (Table 1). 

Genotype ‘DPCh-10’ significantly took minimum 

number of days to flowering (46.50) whereas genotype 

‘DPCh-22-C’ significantly took minimum days to first 

fruit harvest (58.00) over the check ‘Surajmukhi’ 

(70.00). The highest numbers of primary branches 

(5.14) and secondary branches (15.17) per plant were 

found in genetic male sterile line ‘DPChMS 9-2’. Fruit 

length and girth showed distinct variation among the 

cultivars. ‘DPCh- 10’ (9.98 cm) had the longest fruit, 

followed by ‘PBC-535’ (9.65 cm), ‘DPChMS 29-2’ 

(9.47 cm) and ‘DPChMS 26-1’ (9.39 cm) which were 

significantly superior over the check ‘Surajmukhi’ 

(5.63).  Genotype ‘Him Palam Mirch-2’ exhibited 

significantly highest fruit girth (3.98 cm) over check 

‘Surajmukhi’ (3.02). The variation in pedicel length 

was recorded with highest in genotype DPCh-40 (3.78 

cm) and lowest in ‘DPChMS11-2’ (2.65 cm). Three 

genotypes were significantly superior and ten 

genotypes were at par with check ‘Surajmukhi’ (3.00) 

for pedicel length. Significantly maximum average 

fruit weight was found in ‘DPCh-10’ (3.98g) and 

‘PBC-535’ (3.95g) over the check ‘Surajmukhi’ (2.25) 
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whereas lowest fruit weight was reported in genotype 

‘VVG’ (1.97g). The most important yield contributing 

factor in chilli is the marketable number of fruits per 

plant. The genotypes differed significantly for number 

of marketable fruits per plant with maximum in ‘VVG’ 

(193.91) as compared to check ‘Surajmukhi’ (139.28) 

and lowest in ‘PBC-535’ (72.34). The genotype ‘Him 

Palam Mirch -2’ showed the lowest number of non-

marketable fruits per plant (2.30) which was at par with 

check ‘Surajmukhi’ (1.89). Two genotypes ‘VVG’ 

(197.04) and ‘DPCh-101’ (195.53) recorded 

significantly maximum total green fruits per plant 

while ‘Him Palam Mirch -1’ (146.93) and ‘DPCh22-C’ 

(146.85) showed similar performance to that of check 

‘Surajmukhi’ (141.17). For per cent marketable green 

fruits per plant, four genotypes namely, ‘VVG’ 

(98.39), ‘Him Palam Mirch-2’ (98.21), ‘DPCh-101’ 

(97.76) and ‘Him Palam Mirch-1’ (97.57) performed at 

par with check ‘Surajmukhi’ (98.65). For marketable 

fruit yield, ‘Him Palam Mirch-2’ (467.68g) and DPCh-

101(458.70g) performed significantly better than 

check “Surajmukhi’ (313.55) whereas genotype 

‘DPChMS-11-2’ recorded the lowest marketable yield 

(250.91g).  The low yield in male sterile lines is 

obvious due to their segregation into 50% male sterile 

and 50% male fertile plants and accordingly bears low 

number of fruits per plant especially in sterile plant 

under open field conditions. Variations among 

majority of the characters using variable genetic 

material have also been reported by many research 

workers namely, Sharma et al. (2014), Patel et al. 

(2015), Srinivas et al. (2017) and Ngullie and Biswas 

(2019), Negi and Sharma (2019), Azadani (2020) and 

Farwahet al. (2020) in variable environments.   

Variability studies

The knowledge of phenotypic (PCV) and 

genotypic coefficients of variation (GCV) are helpful 

in predicting the amount of variation present in the 

germplasm which aids in formulating effective 

breeding programme. The analysis of variance (Table 

2) showed that all the varieties slightly differed for all 

the characters. High magnitude of PCV and GCV were 

observed for average fruit weight, marketable green 

fruits per plant, non-marketable green fruits and total 

green fruits per plant indicating the existence of wide 

range of genetic variability ensuring sufficient scope 

for improving these traits through selection. Moderate 

estimates of PCV and GCV were observed for 

characters namely, primary branches per plant, 

secondary branches plant, internodal length of primary 

branch, fruit length and marketable green fruit yield 

per plant indicating cautious approach for selection of 

these traits for improvement. Low GCV and PCV were 

recorded for days to 50 % flowering, days to first 

Table 2. Estimates of parameters of variability for various traits in green chilli pooled over years
2Traits Environment Genotypic Phenotypic ECV GCV (PCV h bs GA 

variance  Variance  variance  (%) (%) %) (%)

Days to 50 % flowering 2.09 13.44 15.53 2.85 7.23 7.77 86.52 12.99
Days to first harvest 2.25 16.64 18.89 2.37 6.46 6.88 88.11 12.49
Primary branches per plant 0.04 0.47 0.51 4.51 16.53 17.14 93.09 32.89
Inter-nodal length of primary branch (cm) 0.06 1.11 1.16 4.17 18.37 18.83 95.10 36.88
Secondary branches per plant 0.17 3.27 3.44 3.45 15.13 15.52 95.05 30.36
Plant height (cm) 4.76 81.45 86.20 3.47 14.35 14.76 94.00 28.73
Fruit length (cm) 0.04 2.34 2.39 2.62 19.32 19.50 98.21 39.42
Pedicel length(cm) 0.02 0.08 0.10 3.94 9.11 9.92 84.26 17.21
Fruit girth (cm) 0.01 0.17 0.18 3.32 13.30 13.70 94.14 26.52
Average green fruit weight (g) 0.01 0.53 0.54 4.37 26.73 27.09 97.40 54.23
Marketable green fruits per plant 25.64 1221.03 1246.66 3.86 26.64 26.91 97.94 54.30
Non -marketable green fruits per plant 0.21 34.67 34.88 5.55 70.75 70.96 99.39 145.27
Total green fruits per plant 25.65 988.26 1013.91 3.63 22.53 22.82 97.47 45.83
Percent marketable green fruit per plant 0.70 35.61 36.31 0.90 6.41 6.47 98.06 13.07
Harvest Duration (days) 5.39 15.14 20.53 4.20 7.04 8.20 73.75 12.46
Marketable green fruit yield per plant(g) 95.15 4293.14 4388.29 2.86 19.20 19.42 97.83 39.13

PCV and GCV represent phenotypic and genotypic coefficients of variation, respectively; h2 bs: Heritability in broad sense; GA (%): Genetic advance (%) as 

percent of mean
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harvest, pedicel length, fruit girth, plant height, and 

percent marketable green fruit per plant and harvest 

duration suggesting limited variability for these traits. 

The genotypic coefficients of variation for all the traits 

studied were lesser than the phenotypic coefficients of 

variation, indicating the role of environment in the 

manifestation of these traits in different genotypes.

Similar reports were also made by Akula et al. 

(2016), Meena et al. (2016) and Negi and Sharma 

(2019) and Gokulakrishnan et al. (2020) for these 

traits. Stability in the performance of selection of 

succeeding generations depends on the magnitude of 

heritable variation present in relation to observed 

variation. Knowledge of heritability influences the 

choice of breeding techniques to predict gain from 

selection and to determine the relative relevance of 

genetic effects (Negi and Sharma 2019). High 

heritability estimates were observed for all the 

characters except harvest duration indicating the 

greater role of genetic components of variation and 

lesser influence of environment. High heritability 

along with high genetic advance was observed for 

primary branches per plant, internodal length, 

secondary branches per plant, fruit length, average 

green fruit weight, marketable green fruits per plant, 

total green fruits per plant and marketable fruit yield 

per plant which indicated substantial contribution of 

additive gene action in the expression and thus 

selection would be effective for genetic improvement 

of these traits (Sood et al. 2020). High heritability 

along with low genetic advance was observed for days 

to 50% flowering, days to first harvest and percent 

marketable green fruit per plant. Low heritability 

along with low genetic advance was found in harvest 

duration which indicates the possible role of 

dominance and epistatic gene effects and hence, this 

character could be improved through hybridization. 

Similar effects have also been reported by Yatung et al. 

(2014), Megharaj et al. (2017), Negi and Sharma 

(2019) and Azadani (2020) in their respective studies.

Correlation and Path analysis 

In order to find out the association between yield 

and related traits the phenotypic and genotypic 

correlation coefficients were estimated (Table 3). The 

results revealed that the genotypic correlations were 

higher than the phenotypic correlations for all the 

characters. Marketable green fruit yield per plant 

showed positive and significant correlation with 

marketable green fruits per plant followed by total 

green fruits per plant, percent marketable green fruits 

per plant, pedicel length, fruit girth and internodal 

length of primary branch at both genotypic and 

phenotypic levels. Marketable green fruits per plant 

showed positive correlation with days to 50 % 

flowering, days to first harvest, primary branches per 

plant and plant height. A positive and significant 

association of average red ripe fruit weight was 

observed with fruit length and fruit girth. In addition, 

positive and significant association at both genotypic 

and phenotypic level was recorded for days to 50% 

flowering, days to first harvest, primary branches per 

plant, internodal length of primary branch, secondary 

branches per plant among themselves while plant 

height had the same with days to 50 % flowering.  

Similarly, a positive association was found between 

fruit length and internodal length. Fruit girth, fruit 

length, pedicel length and average green fruit weight 

had positive association among themselves while they 

had negative association with marketable green fruits 

per plant. Therefore, selections for improvement in 

chilli based on these traits have to be taken up carefully 

by not compromising with consumer preference of 

medium long and medium broad fruits. Genotypic 

correlation, rather than phenotypic correlation, gives 

more reliable assessments of genetic relationship 

between characters, thus helps in determining the 

characters that should be taken into account for 

selection during breeding programme (Sharma et al. 

2010; Negi and Sharma 2019; Azadani 2020).

The mutual association of component characters 

might vary both in magnitude and direction and the 

simple correlation coefficient may not reflect the exact 

relationship between yield and related traits. 

Therefore, it is necessary to conduct path coefficient 

analysis which permits a critical examination of 

specific direct and indirect effects of characters and 

measures their relative intensity in determining the 

ultimate yield. The path coefficient analysis required 

to determining the degree of relationship between 

yield and its component effects, as well as for 

examining specific factors that contribute to a given 

correlation. Path coefficient analysis (Table 4) 

revealed that total green fruits per plant had the 

maximum positive direct effect on marketable green 
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fruit yield per plant followed by average green fruit 

weight, percent marketable green fruits per plant, fruit 

length, primary branches per plant, days to first 

harvest, days to flowering and pedicel length at both 

phenotypic and genotypic levels. Besides, fruit girth 

contributed to some extent directly to marketable 

green fruit yield per plant at phenotypic level while 

non- marketable green fruits per plant and harvest 

duration contributed the similar effects at genotypic 

level. Such a change in direction and magnitude of 

direct and indirect effects might be due to 

environmental factors influencing various traits. The 

negative direct effects of internodal length of primary 

branch, secondary branches per plant, plant height and 

marketable green fruits per plant were recorded both at 

phenotypic and genotypic levels. The earlier research 

workers namely, Kumar et al. (2012), Pandit and 

Adhikary (2014), Negi and Sharma (2019), Deepo et 

al. (2020) also reported direct contribution of different 

traits on marketable green fruit yield per plant

Based on the present investigation it can be concluded 

that ‘Him Palam Mirch -2’, ‘DPCh10’, ‘DPCh-40’ 

were the most promising genotypes for marketable 

fruit yield and related traits. Based on parameters of 

genetic variability and correlation studies, the focus 

should be given for fruit length, fruit girth, and average 

fruit weight, number of fruits per plant and harvest 

duration for genetic improvement of chilli.
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