Genetic Variability, Heritability and Quality Trait Analysis in the F₂ Population of a Yellow × Red-Colored Chilli (Capsicum annuum L.) Cross
ABSTRACT
Background: Chilli is an economically important spice crop valued for its carotenoid pigments, pungency and nutraceutical properties; however, information on the inheritance of processing-quality traits in segregating populations remains limited.
Aims: To assess genetic variability, heritability and genetic advance for horticultural, yield and quality traits in an F₂ population of chilli derived from the cross LCA-807 × LCA-657, with emphasis on carotenoid-related processing quality traits.
Study Design: Experimental field study using an F₂ segregating population.
Place and Duration of Study: The experiment was conducted under open-field conditions at the College of Horticulture, Anantharajupeta, Dr. YSR Horticultural University, Andhra Pradesh during the Summer, 2024  
Methodology: An F₂ population developed from the cross between red and yellow fruited chilli genotypes, LCA-807 and LCA-657, was evaluated for 19 morphological, biochemical and industrial-quality traits. Standard biometrical analyses were performed to estimate phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), broad-sense heritability and genetic advance to determine the extent of variability and nature of inheritance among the studied traits.
Results: The F₂ population exhibited wide phenotypic variation for growth, earliness, yield and carotenoid content, indicating extensive recombination among segregants. The highest variability was observed for red carotenoids with PCV and GCV values of 79.02% and 79.01%, respectively, followed by total colour value and dry fruit yield, suggesting strong genetic control with minimal environmental influence. High broad-sense heritability coupled with high genetic advance was recorded for red carotenoids, total colour value, fresh fruit yield, dry fruit yield, oleoresin and ascorbic acid content, indicating the predominance of additive gene action and the effectiveness of direct selection for these traits.
Conclusion: The study revealed substantial genetic variability and strong inheritance for important yield and quality traits in the F₂ population of chilli. Traits showing high heritability and genetic advance can be effectively utilized in breeding programmes aimed at developing superior processing-type chilli genotypes with enhanced pigment concentration, yield and nutraceutical quality.
Keywords: Chilli, carotenoids, PCV, GCV, heritability, genetic advance, F₂ population.
1. INTRODUCTION 
Chilli (Capsicum annuum L.), belonging to the family Solanaceae, is one of the most economically important spice and vegetable crops worldwide. The genus Capsicum originated in the Neotropical region of Central and South America, where early domestication events were documented more than 6000 years ago (Perry et al., 2007; Pickersgill, 2016). Subsequent dispersal through trade routes led to its global diversification, with significant morphological and biochemical variation among cultivated types (Carrizo García et al., 2016). India is one of the world’s largest producers and exporters of chilli, contributing substantially to the global spice economy. According to the Spices Board of India (2024), chilli occupies the largest area among all spices, with extensive production across Andhra Pradesh, Telangana, Karnataka and Madhya Pradesh, supporting both domestic consumption and industrial processing sector.
The exceptional industrial value of chilli lies in its colour pigments (carotenoids), pungency compounds (capsaicinoids), and bioactive metabolites. Red-coloured chilli is rich in capsanthin and capsorubin, the primary carotenoids responsible for high ASTA colour value, which is crucial for the global oleoresin, dye, and food-colouring industries (Topuz & Ozdemir, 2007, Rodriguez-Amaya, 2016). Yellow chilli, on the other hand, contains higher levels of lutein and zeaxanthin, potent antioxidants known for improving visual and cognitive health (Johnson, 2014). Carotenoids also act as essential nutraceuticals with anti-inflammatory, anti-carcinogenic and immune-modulating properties (Naves et al., 2019 ; Barbero et al., 2020).
Crossing red and yellow chilli genotypes enables recombination of diverse carotenoid pathways, offering scope for improved pigment concentration, nutritional quality and processing value. The F₂ generation, with its high genetic segregation and recombination, provides an ideal stage to identify transgressive segregants for key yield and quality traits (Falconer & Mackay, 1996, Singh & Singh, 2015). Therefore, the present study evaluates an F₂ population from a yellow × red chilli cross to assess genetic variability and identify superior individuals for horticultural, biochemical and industrial-quality improvement.
2. MATERIAL AND METHODS
The experiment was conducted during the Summer, 2024 at the College of Horticulture, Anantharajupeta, Dr. YSR Horticultural University. The study utilized an F₂ population derived from the cross LCA-807 × LCA-657 along with the respective parental lines. The crop was raised under open-field conditions following the recommended package of practices. A total of 100 F₂ plants were maintained up to the final harvest, and observations were recorded on all plants. Data were recorded for 19 morphological, yield, and biochemical traits, comprising plant height (cm), plant spread (cm), number of branches per plant, days to 50% flowering, days to fruit maturity, number of fruits per plant, fruit length (cm), fruit diameter (cm), fruit weight (g), mean fresh fruit yield per plant (g), mean dry fruit yield per plant (g), number of seeds per fruit, 1000-seed weight (g), total colour value (ASTA units), red carotenoid content (mg/100 g), yellow carotenoid content (mg/100 g), ascorbic acid content (mg/100 g), capsaicin content (%), and oleoresin content.
The genotypic and phenotypic coefficients of variation (GCV and PCV) were estimated following the methodology of Burton and Devane (1953). In addition, broad-sense heritability and expected genetic advance were calculated in accordance with the procedures outlined by Johnson et al. (1955).

2.1 Genotypic and phenotypic coefficients of variation
Genotypic and phenotypic coefficients of variation were estimated according to Burton and Devan (1953) by using the following formulae.


Where, 
       σg2 = Genotypic variance       = TrMSS - EMSS
                                                                    r
       σe2 = Environmental variance =   EMSS
                                                                r
        σp2 = Phenotypic variance      =   σg2 + σe2
                                                 X    =   General mean
  2.1.1 Range of Genotypic and phenotypic coefficients of variation
Genotypic and phenotypic coefficients of variation were classified as low when the values were less than 10%, moderate when they ranged between 10 and 20%, and high when the values exceeded 20%.
2.2 Heritability
Heritability in the broad sense was estimated as per the formulae suggested by Lush (1940) and expressed in per cent. 


Where, h2 (BS)    =   Heritability estimates in broad sense, σg2 =   Additive genetic variance, σp2          =   Phenotypic variance
2.2.1 Range of heritability
Heritability estimates were categorized as low when the values were less than 50%, moderate when they ranged from 50 to 80%, and high when the values exceeded 80%
2.3 Genetic advance as percentage of the mean (GAM)
Genetic advance as percentage of the mean (GAM) was calculated using the following formula and was expressed in percentage

Where,
               GA = Genetic advance
                  X = General mean of the character
2.3.1 Range of Genetic advance as per cent of mean
Genetic advance as per cent of mean was classified as low when the values ranged from 0–10%, moderate when they ranged from 11–20%, and high when the values exceeded 21%.	
3. RESULTS AND DISCUSSION
F2 generation is commonly used to  determine the inheritance of a character (oligogenic) and to know the extent of variation available for a character (polygenic) when the cross is made between genetically different parents. Hence, it can be considered a  base population  for simple selection on a combination of desirable characters.
3.1 F₂ Population Mean Performance of the Cross LCA-807 × LCA-657
The F₂ population consisting of 100 progenies from the cross LCA-807 × LCA-657 exhibited wide phenotypic variation for growth, earliness, yield and quality-related traits. For plant height, where higher values are desirable, the range extended from 51.00 to 129.00 cm with a mean of 90.61 cm, and 45 progenies recorded values above the mean. Plant spread varied between 25.00 and 97.25 cm (mean: 59.21 cm) and 54 progenies displayed superiority over the average. The number of primary branches per plant ranged from 2.00 to 4.00 with a mean of 3.05, and 29 progenies exceeded the mean. For phenological traits, lower values are favourable. Days to 50 % flowering ranged from 42.00 to 74.00 days (mean: 56.85 days) and 48 progenies flowered earlier than the mean. Days to fruit maturity ranged from 91.00 to 129.00 days with a mean of 111.41 days and 47 progenies matured earlier than the population average (Table 1).
Yield-related traits also exhibited considerable segregation. The number of fruits per plant varied from 83.00 to 230.00 (mean: 137.26) and 43 progenies recorded values above the average. Fruit length ranged between 8.50 and 16.10 cm (mean: 12.31 cm), with 46 progenies exceeding the mean. Fruit diameter varied from 0.51 to 1.17 cm (mean: 0.90 cm) and 50 progenies performed above the mean. Fresh fruit weight ranged from 2.98 to 6.50 g (mean: 4.79 g), and 59 progenies recorded superior values. Fresh fruit yield per plant ranged between 340.19 and 1122.24 g with a mean of 654.02 g, and 46 progenies surpassed the average. Dry fruit yield varied from 67.45 to 299.52 g (mean: 151.84 g) and 43 progenies exceeded the mean. The number of seeds per fruit showed a range from 27.00 to 131.00 (mean: 67.84), with 47 progenies surpassing the mean. Seed weight ranged from 2.85 to 8.05 g (mean: 6.13 g), and 64 progenies showed higher values (Table 1).
Quality traits also revealed substantial variability. Total colour value ranged from 32.14 to 257.48 (mean: 130.57) and 47 progenies exceeded the mean. Red carotenoids content varied between 0.00 and 270.27 mg/100 g (mean: 122.48 mg/100 g), with 57 progenies recording superior values. Yellow carotenoids ranged from 64.14 to 250.40 mg/100 g (mean: 155.73 mg/100 g) and 48 progenies surpassed the average. Ascorbic acid content ranged from 52.78 to 197.45 mg/100 g with a mean of 109.23 mg/100 g and 46 progenies  showed higher values. Capsaicin content ranged from 0.42 to 1.09% (mean: 0.72%), with 51 progenies exceeding the mean. Oleoresin content ranged between 6.60 and 16.00% (mean: 11.04%), and 45 progenies showed superiority (Table 1).
Early flowering is an important trait in chilli breeding as it facilitates the development of short-duration cultivars suitable for multiple cropping systems and early market supply. The wide variation observed for days to 50 % flowering and days to fruit maturity indicates the presence of substantial genetic variability among the segregants due to recombination of favourable alleles from both parents. The number of seeds per fruit also exhibited considerable variation, suggesting substantial segregation and the influence of polygenic inheritance. Red carotenoid content showed exceptionally high variability, indicating extensive recombination for pigment-related traits and providing excellent scope for selection of superior high-colour segregants suitable for processing industries. Similarly, the variability observed for capsaicin content suggests the possibility of selecting progenies with desirable pungency levels for different culinary and industrial applications. Similar findings were also reported by Rohini et al. (2017), Kabilan et al. (2021), Tirupathamma et al. (2021) and Divyabharathi et al. (2025 b).
3.2 Phenotypic and genotypic coefficient of variation
In the cross LCA-807 × LCA-657, wide phenotypic variability was recorded among the traits, with the highest PCV observed for red carotenoids (79.02%), followed by total colour value (37.85%), average dry fruit yield per plant (33.82%), yellow carotenoids (31.71%), average fresh fruit yield per plant (28.93%), number of seeds per fruit (28.49%) and number of fruits per plant (27.38%). Moderate PCV values were noted for plant spread (25.81%), primary branches per plant (23.93%), oleoresin (23.22%), ascorbic acid (21.44 mg/100g), and capsaicin (21.21%), while relatively lower variability occurred in seed weight (19.08%), plant height (17.41%), fruit diameter (17.37%), fruit weight (14.96%), days to 50% flowering (12.14%), and fruit length (11.88%). The lowest PCV was observed for days to fruit maturity (8.25%), indicating comparatively stable expression (Table 1).
A comparable trend was evident for GCV values, wherein red carotenoids again showed the highest genetic variability (79.01%), followed by total colour value (37.76%), average dry fruit yield per plant (33.26%), yellow carotenoids (31.66%), average fresh fruit yield per plant (28.54%), number of seeds per fruit (27.04%) and number of fruits per plant (27.04%). Moderate GCV values were registered for plant spread (25.38%), oleoresin (22.46%), ascorbic acid (21.11%), primary branches per plant (18.81%), seed weight (17.03%), plant height (16.66%) and capsaicin (16.24%). Lower GCV values  were observed for days to 50% flowering (11.20%), fruit diameter (11.15%), fruit length (11.07%), fruit weight (9.76%) and days to fruit maturity (7.74%), indicating traits with relatively limited genetic variability (Table 1).
Across all evaluated traits, PCV values were consistently higher than GCV values and the narrow differences between them indicate that environmental effects on trait expression were minimal. This close correspondence between PCV and GCV suggests that the observed variability is largely genetic in origin, enabling effective phenotypic selection within the population. These outcomes are consistent with earlier findings by Mohamed et al. (2012), Kaushik et al. (2011), Rohini et al. (2017), Manikandan et al. (2018), Ravali et al. (2018), Kabilan et al. (2021), Tirupathamma et al. (2021) and  Divyabharathi et al. (2025 a & b) who similarly reported limited environmental influence on phenotypic expression in chilli breeding populations.
3.3 Heritability
High heritability in the broad sense was observed for most traits in the cross LCA-807 × LCA-657, with the highest values recorded for red carotenoids (99.97%), yellow carotenoids (99.70%), total colour value (99.53%), number of fruits per plant (97.55%), average fresh fruit yield per plant (97.28%), ascorbic acid (96.97%), and average dry fruit yield per plant (96.74%). High heritability was also evident for plant spread (96.68%), oleoresin (93.52%), taiplant height (91.60%), number of seeds per fruit (90.12%), days to fruit maturity (88.00%), and fruit length (86.70%). Days to 50% flowering (85.04%), seed weight (79.66%), and number of primary branches per plant (61.77%) exhibited moderately high heritability, whereas capsaicin (58.66%), fresh fruit weight (42.57%), and fruit diameter (41.20%) showed medium heritability levels (Table 1).
Overall, the predominance of high broad-sense heritability across the evaluated traits indicates that genetic factors largely contributed to the observed variability, with minimal environmental influence. However, since broad-sense heritability encompasses both additive (fixable) and non-additive (dominance and epistasis) genetic components, direct selection may not always result in proportional genetic gain, particularly for traits with considerable non-additive variance. Nevertheless, traits with high heritability  and High genetic advances as a percentage of the mean suggest the predominance of additive gene action and the effectiveness of phenotypic selection in this cross. Similar trends were reported earlier by Gosh et al. (2012), Ready et al. (2012), Shashikanth et al. (2010), Tianna et al. (2015), Htwe et al. (2017), Rohini et al. (2017), Manikandan et al. (2018), Kabilan et al. (2021), Tirupathamma et al. (2021), Rameshkumar et al. (2022) and Divyabharathi et al. (2025 a & b).

3.4 Genetic advance as percentage of the mean
Genetic advance as per cent of mean was high for most of the studied traits, including red carotenoids (162.73%), total colour value (77.61%), average dry fruit yield per plant (67.39%), yellow carotenoids (65.12%), average fresh fruit yield per plant (57.98%), number of fruits per plant (55.01%), number of seeds per fruit (52.89%), plant spread (51.40%), oleoresin (44.73%), ascorbic acid (42.82%), plant height (32.84%), seed weight (31.31%), number of primary branches per plant (30.45%), capsaicin (25.63%), days to 50% flowering (21.28%), and fruit length (21.22%). Moderate levels of genetic advance were observed for days to fruit maturity (14.95%), fruit diameter (14.74%), and fresh fruit weight (13.12%) (Table 1). The predominance of high genetic advance across most traits suggests that additive genetic effects played a major role in the inheritance of these characters.

	High heritability coupled with high genetic advance as percentage of the mean indicates the predominance of additive gene action, implying that these traits are amenable to improvement through direct phenotypic selection. Therefore, characters exhibiting both high heritability and substantial genetic advance may serve as reliable selection indices in breeding programmes aimed at improving yield and quality attributes in chilli. These trends are consistent with earlier observations reported by Rohini et al. (2017), Manikandan et al. (2018), Kabilan et al. (2021), Tirupathamma et al. (2021) Rameshkuma et al. (2022) and Divyabharathi et al. (2025 a&b).

Table 1. Genetic parameters for growth, yield and quality attributes in F2 segregating population of chilli LCA-807 X LCA-657
	S. No
	Character
	Range
	Mean
	PCV %
	GCV %
	Heritability
	GAM (%)

	
	
	Min
	Max
	
	
	
	
	

	1
	Plant height (cm)
	51.00
	129.00
	90.61
	17.41
	16.66
	91.60
	32.84

	2
	Plant spread (cm)
	25.00
	97.25
	59.21
	25.81
	25.38
	96.68
	51.40

	3
	Number of primary branches per plant
	2.00
	4.00
	3.05
	23.93
	18.81
	61.77
	30.45

	4
	Days to 50 % flowering
	42.00
	74.00
	56.85
	12.14
	11.20
	85.04
	21.28

	5
	Days to fruit maturity 
	91.00
	129.00
	111.41
	8.25
	7.74
	88.00
	14.95

	6
	Number of fruits per plant
	83.00
	230.00
	137.26
	27.38
	27.04
	97.55
	55.01

	7
	Fruit length (cm)
	8.50
	16.10
	12.31
	11.88
	11.07
	86.70
	21.22

	8
	Fruit diameter (cm)
	0.51
	1.17
	0.90
	17.37
	11.15
	41.20
	14.74

	9
	Fresh fruit weight (g)
	2.98
	6.50
	4.79
	14.96
	9.76
	42.57
	13.12

	10
	Average fresh fruit yield per plant (g)
	340.19
	1122.24
	654.02
	28.93
	28.54
	97.28
	57.98

	11
	Average dry fruit yield per plant (g)
	67.45
	299.52
	151.84
	33.82
	33.26
	96.74
	67.39

	12
	Number of seeds per fruit
	27.00
	131.00
	67.84
	28.49
	27.04
	90.12
	52.89

	13
	Seed weight (g/1000 seed)
	2.85
	8.05
	6.13
	19.08
	17.03
	79.66
	31.31

	14
	Total color value (ASTA units)
	32.14
	257.48
	130.57
	37.85
	37.76
	99.53
	77.61

	15
	 Red carotenoids content in dry chilli (mg/100g)
	0.00
	270.27
	122.48
	79.02
	79.01
	99.97
	162.73

	16
	Yellow carotenoids content dry in chilli (mg/100g)
	64.14
	250.40
	155.73
	31.71
	31.66
	99.70
	65.12

	17
	Ascorbic Acid (mg/100g)
	52.78
	197.45
	109.23
	21.44
	21.11
	96.97
	42.82

	18
	Capsaicin (%)
	0.42
	1.09
	0.72
	21.21
	16.24
	58.66
	25.63

	19
	Oleoresin (%)
	6.60
	16.00
	11.04
	23.22
	22.46
	93.52
	44.73



4. CONCLUSION
The F₂ population of the cross LCA-807 × LCA-657 exhibited wide genetic variability for yield and quality traits, indicating extensive recombination among segregants. High heritability coupled with high genetic advance for red carotenoids, total colour value, oleoresin and yield traits suggested the predominance of additive gene action. The narrow difference between PCV and GCV values indicated minimal environmental influence on most traits. The wide variability observed for carotenoid and capsaicin content provides good scope for selection of superior processing-quality chilli genotypes. These findings may also serve as valuable baseline information for future molecular breeding and genetic mapping studies in chilli. 
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