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Genetic Analysis of Quantitative Characters in the F₂ population of Chilli Cross JNA1 × BVC42

ABSTRACT: 
Genetic variability and its heritable components are crucial in selecting breeding material, and a thorough understanding of genetic variability is the fundamental basis for developing superior varieties. In the absence of sufficient variability, genetic progress becomes limited, necessitating the enrichment of germplasm or the creation of additional variability through hybridisation, mutation or polyploidy breeding.  In this study, an F₂ population derived from the cross JNA1 × BVC42 was evaluated to assess genetic variability for ten quantitative traits. This study was conducted at the College of Agriculture, Raichur, Karnataka, during Kharif from July 2021 to February 2022. The frequency distribution revealed positive skewness with platykurtic curves for most traits, except plant height, fruit length, fruit weight and chlorophyll content, which exhibited negative skewness along with platykurtic distribution. Analysis of genetic variability showed high phenotypic and genotypic coefficients of variation (PCV and GCV) for the number of primary branches, the number of seeds per fruit, the number of fruits per plant and dry fruit yield per plant. Furthermore, all traits recorded high heritability (h²b) coupled with high genetic advance as a percentage of the mean (GAM). The presence of substantial genetic variability, along with high heritability and GAM across several traits, underscores the potential of the F₂ population for selecting superior segregants and accelerating the development of improved chilli varieties.
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1. INTRODUCTION:
Chilli (Capsicum annuum L., 2n = 24) is a major commercial crop cultivated globally for both vegetable and spice purposes. India ranks among the top producers of chilli in the world. The majority of cultivated chilli varieties belong to Capsicum annuum. Chilli can be used in different forms, such as fresh or cooked vegetables, spices or herbs and as various processed products (Archa et al., 2024). It is a valuable spice known for its pungency, distinctive flavour, attractive colour and taste. In the global spice trade, chilli ranks second only to black pepper (Piper nigrum L.). It accounts for about 17% of the global spice trade due to its high cash value and widespread consumption (N., M. K., Sharma et al., 2021). Capsicum species are rich in essential nutrients and secondary metabolites, which are known for their antioxidant, antimicrobial, antiviral, anti-inflammatory, and anticancer properties (Meenakshi et al., 2022). In India, chilli holds significant importance in daily culinary practices and is widely utilised in the preparation of various processed products such as pickles, chutneys and sauces. The pungency of chilli is attributed to capsaicin, a crystalline, acrid and volatile compound primarily concentrated in the placenta and pericarp of the fruit. Capsaicin is known for its prophylactic and therapeutic applications. Additionally, oleoresin extracted from chilli fruits is extensively used in the food processing and beverage industries and possesses considerable export potential. In developed countries, natural colour extracts derived from chilli are increasingly preferred over synthetic food colourants. India has considerable scope to expand chilli cultivation, thereby enhancing foreign exchange earnings and contributing to price stabilisation, especially during peak production periods (Meenakshi et al., 2022). As per Agricultural Statistics (2019–20), chilli is cultivated across 363,000 hectares in India, with a total production of 4,027,000 metric tonnes and a productivity of 11.09 MT/ha. The low efficiency in chilli production is often attributed to limiting factors such as the scarcity of superior genotypes or improved cultivars for breeding programs and the incidence of insect pests like thrips, mites and borers, alongside with diseases such as powdery mildew, anthracnose, leaf spots and various viral infections, which significantly affects yield and quality.
To meet the growing demand for chilli as both a vegetable and spice crop, there is a need to develop high-yielding hybrids and improved varieties with enhanced quality and resistance to pests and diseases. There is considerable scope for genetic improvement, particularly for developing cultivars adapted to specific agro-ecological conditions and end-use requirements. A comprehensive understanding of the extent of genetic variability present for key agronomic traits is essential for initiating effective crop improvement programs. In the absence of sufficient variability, genetic progress becomes limited, necessitating the enrichment of germplasm or the creation of additional variability through hybridisation, mutation or polyploidy breeding. The creation and strategic utilisation of genetic variability, through appropriate breeding methods, form the foundation for successful crop improvement. Notably, early segregating generations tend to exhibit higher levels of variability compared to later generations. Therefore, assessing genetic variation and the heritability of desirable traits is critical for formulating a robust breeding strategy. Partitioning the total observed variability into heritable and non-heritable components enables breeders to predict the potential genetic gain from selection, thereby aiding in the identification of superior genotypes (Robinson et al., 1949). Therefore, understanding the nature and magnitude of genetic variability, heritability and genetic advance for yield and yield-contributing characters in the segregating F2 population derived from the cross JNA1 XBVC42 becomes imperative. This present investigation aims to evaluate the genetic variability, heritability and genetic advance for yield and its attributing traits in order to identify promising chilli types suitable for specific regional conditions like Karnataka, ultimately contributing to the development of high-yielding, pest- and disease-resistant chilli cultivars.
2. MATERIALS AND METHODS
This study was conducted at the College of Agriculture, Raichur, Karnataka, from July 2021 to February 2022. The F2 population derived from a cross between JNA1 (P1), a powdery mildew resistant genotype and BVC42 (P2), a high-yielding good general combiner line. The F2 population was generated by selfing F1 plants, which were obtained from a cross between P1 and P2. The F2 population, along with P1 and P2 were planted in an unreplicated trial and assessed for yield and yield-attributing traits.
For each plant in the F2 population, ten quantitative characters were recorded: plant height (cm), number of primary branches, fruit length (cm), fruit diameter (cm), fruit weight per plant (g), number of seeds per fruit, test weight (g), number of fruits per plant, chlorophyll content (measured by SPAD), and dry fruit yield per plant (g).
[bookmark: _Hlk202872012][bookmark: _Hlk202872047][bookmark: _Hlk202872060]Statistical analyses were performed to understand the genetic variability of these traits. Mean, phenotypic variance (Vp), genotypic variance (Vg) and environmental variance (Ve), along with phenotypic and genotypic coefficients of variation (PCV and GCV), were calculated using methods outlined by Panse and Sukhatme (1961). Broad-sense heritability was estimated using the Lush (1940) formula, while genetic advance as a percentage of the mean (GAM) was determined from the method given by Johnson et al. (1955). Skewness (third-degree statistics) and kurtosis (fourth-degree statistics) were computed as per Snedecor and Cochran (1974) to assess the distribution of the ten quantitative traits in the F2 population from the JNA1 × BVC42 cross. All calculations were executed using Microsoft Excel.
3. RESULTS AND DISCUSSION:
The mean performance, range of the F₂ segregating generation from the cross JNA1 × BVC42, along with checks for yield and its associated traits, were presented in Table 1.  The F₂ population, along with the check varieties, exhibited considerable variability across all the observed traits. Plant Height (PH) in the F₂ population had a mean of 70.13 cm, ranging from 35.40 to 93.40 cm, while the checks recorded values of 77.02 cm (Arka Haritha), 79.08 cm (Arka Suphal) and 79.48 cm (Byadgi Dabbi). The Number of Primary Branches (NPB) showed a mean of 3.30 in the F₂ population with a range of 2.00 to 7.00, whereas the checks exhibited 4.40 (Arka Haritha), 3.20 (Arka Suphal) and 3.40 (Byadgi Dabbi). Fruit Diameter (FD) averaged 1.17 cm in the F₂ population, ranging from 0.73 to 1.60 cm, and the checks recorded 1.30 cm (Arka Haritha), 1.10 cm (Arka Suphal) and 1.94 cm (Byadgi Dabbi). The mean Fruit Length (FL) was 5.94 cm in the F₂ population with a range of 3.18 to 8.30 cm, while the checks showed values of 10.38 cm (Arka Haritha), 7.00 cm (Arka Suphal) and 9.08 cm (Byadgi Dabbi). Fruit Weight (FW) in the F₂ population ranged from 2.12 to 7.18 g with a mean of 5.11 g, whereas the checks recorded 5.62 g (Arka Haritha), 4.88 g (Arka Suphal) and 5.88 g (Byadgi Dabbi). The Number of Seeds per Fruit (NSF) showed a wide range from 30.02 to 134.00 with an F₂ mean of 71.48, while the check varieties exhibited 66.80 (Arka Haritha), 60.80 (Arka Suphal) and 66.80 (Byadgi Dabbi). Thousand Seed Weight (TSW) had a mean of 4.32 g in the F₂ population, ranging from 3.02 to 7.76 g, and the check varieties recorded 7.22 g (Arka Haritha), 6.80 g (Arka Suphal) and 5.93 g (Byadgi Dabbi). The Number of Fruits per Plant (NFP) in the F₂ population averaged 52.06, ranging from 24.56 to 106.88, while the checks showed 54.00 (Arka Haritha), 52.00 (Arka Suphal) and 45.80 (Byadgi Dabbi). SPAD values in the F₂ generation ranged from 23.12 to 70.37, with a mean of 54.25, and the checks recorded 53.42 (Arka Haritha), 58.35 (Arka Suphal) and 59.81 (Byadgi Dabbi). Lastly, Dry fruit Yield Per plant (DFYP) in the F₂ population varied widely from 119.52 grams to 420.45 grams, with a mean of 204.31 grams, while the checks recorded 215.66 grams (Arka Haritha), 202.70 grams (Arka Suphal) and 200.15 grams (Byadgi Dabbi).
The analysis of variability parameters in the F2 population provides critical insights into the genetic variability and potential for improvement of various traits. The insights are gained from the coefficients of variation. The phenotypic coefficient of variation (PCV) encompasses all variation, while the genotypic coefficient of variation (GCV) specifically measures genetic variation. The presence of genetic variability within the population is crucial for the improvement and development of superior varieties.  Hence, assessing the extent of this variability becomes essential. The results for the F₂ population derived from the cross JNA1 × BVC42, including the mean, range, phenotypic variance, genotypic variance, genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability (h²), genetic advance expressed as a percentage of the mean (GAM), skewness and kurtosis was presented in Table 2. 
[bookmark: _Hlk202873201][bookmark: _Hlk202873214][bookmark: _Hlk202873227]The frequency distribution of the F2 population showed that characters such as number of primary branches (0.673, -0.177), fruit diameter (0.376, 0.816), number of seeds per fruit (0.561, -0.343), thousand seed weight (1.745, 2.754), number of fruit per plant (1.034, 1.265) and dry fruit yield per plant (1.122, 1.515) showed positive skewness with platykurtic distribution. Traits exhibiting positive skewness suggest that a larger proportion of individuals fall on the lower end of the distribution. However, the presence of transgressive segregants in these traits indicates the potential for identifying superior individuals. Therefore, selecting single plants from these transgressive segregants will improve positively skewed traits. The findings also suggest that the traits under study are controlled by multiple genes, each contributing equally in either direction. For traits showing a positively skewed distribution, intense selection from the existing variability is essential to achieve maximum genetic improvement. However, the plant height (- -0.644, 0.921), fruit length (-0.162, -0.165), fruit weight (-0.467, 0.189), and chlorophyll content (-0.923, 1.995) showed negative skewness and platykurtic distribution. More genes are regulated in features of platykurtic distributions. Kurtosis is negative or near zero when there are no gene interactions and positive when they are present (Pooni et al., 1977; Choo and Reinbergs 1982). The traits with negatively skewed distribution indicate the involvement of a large number of dominant genes with duplicate type of epistasis. This type of distribution will help to protect the individual plant from deleterious alleles arising from existing variability (Roy, 2000). The results are in agreement with the findings of Luitel et al. (2018), Aruna et al. (2023), Adibian et al. (2023) and Amas et al. (2023) for both skewness and kurtosis.
[bookmark: _Hlk202873683]The results indicated that genotypic variance was slightly lower than phenotypic variance. However, the difference between the two was minimal. A high PCV and GCV, particularly for the number of primary branches (NPB: PCV 34.91%, GCV 30.73%), the number of seeds per fruit (NSF: PCV 34.88%, GCV 32.34%), the number of fruits per plant (NFP: PCV 27.94%, GCV 25.77%) and dry fruit yield per plant (DFYP: PCV 23.13%, GCV 21.63%), signifies a wide range of genetic differences among individuals for these characters, making them amenable to selection. While the moderate PCV and GCV values were observed for plant height (PH: 14.18%, 12.81%), fruit diameter (FD: PCV 11.12%, GCV 10.82%), fruit length (FL: PCV 17.59%, GCV 16.50%), fruit weight (FW: PCV 19.82%, GCV 15.38%), chlorophyll content SPAD (CC: PCV 13.39%, GCV 11.82%) and thousand seed weight exhibited high PCV 21.00% and moderate GCV 19.50%, it indicates the moderate PCV and GCV values in the F2 population suggest a substantial genetic variability influenced by both genetic and environmental factors, providing ample opportunities for effective selection and improvement of the trait through breeding strategies. The phenotypic coefficient of variation (PCV) exceeded the genotypic coefficient of variation (GCV) for all traits, suggesting the influence of environmental factors. However, the difference between PCV and GCV was narrow, indicating that the environmental effect was relatively low. Traits exhibiting high GCV can be effectively utilised for selection in future crop improvement programs. The levels of PCV and GCV are illustrated in Figure 1. The results are in accordance with the similar findings of Amit et al. (2014), Tembhurne and Belabadevi (2015), Mahantesh et al. (2017), Belay et al. (2020), Kabilan et al. (2021), Lakshmi et al. (2021), Amas et al. (2023), Joyashree et al. (2023) and Yadav et al. (2024).
Heritability is a good index of the transmission of characters from parents to their offspring (Falconer, 1981). It facilitates the identification and selection of elite genotypes from genetically diverse populations. Heritability in the broad sense (h2b​) estimates the proportion of phenotypic variance that is due to genetic variance. Traits with high heritability, such as plant height (PH: 81.64%), number of primary branches (NPB: 77.48%), fruit diameter (FD: 94.80%), fruit length (FL: 87.96%), fruit weight (FW: 60.22%), number of seeds per fruit (NSF: 85.94%), thousand seed weight (TSW: 86.19%), number of fruits per plant (NFP: 85.06%), chlorophyll content (CC: 77.92%) and dry fruit yield per plant (DFYP: 87.49%),  indicate that a large proportion of the observed variation is genetic, implying that selection for these traits would be highly effective. The heritability levels of all traits are illustrated in Figure 2. The results were in agreement with those of Amit et al. (2014), Tembhurne and Belabadevi (2015), Mahantesh et al. (2017), Belay et al. (2020), Kabilan et al. (2021), Lakshmi et al. (2021), Amas et al. (2023), Joyashree et al. (2023) and Yadav et al. (2024).
Finally, Genetic advance as a percentage of mean (GAM) predicts the expected improvement under selection. High GAM values was observed for plant height (PH: 23.84%), number of primary branches (NPB: 55.71%), fruit diameter (FD: 21.71%), fruit length (FL: 31.88%), fruit weight (FW: 24.58%), number of seeds per fruit (NSF: 61.76%), thousand seed weight (TSW: 37.29%), number of fruits per plant (NFP: 48.96%), chlorophyll content (CC: 21.49%) and dry fruit yield per plant (DFYP: 41.68). The genetic advance as a percentage of the mean for all traits is illustrated in Figure 2. All the traits showed high heritability coupled with high genetic advance. This suggests that not only is the trait largely controlled by genes, but also that significant gains can be achieved through selection, and also suggests the involvement of additive gene effects, making selection effective for these traits. These findings are similar to the results of Amit et al. (2014), Tembhurne and Belabadevi (2015), Mahantesh et al. (2017), Belay et al. (2020), Kabilan et al. (2021), Lakshmi et al. (2021), Amas et al. (2023), Joyashree et al. (2023) and Yadav et al. (2024).
Overall, these variability parameters are crucial for plant breeders to identify traits with high genetic potential, enabling the formation of effective breeding strategies for crop improvement.
4. CONCLUSION
The comprehensive analysis of mean performance, skewness, kurtosis and variability parameters within the F2 population provides evidence for significant genetic variability and promising potential for crop improvement. The high phenotypic coefficient of variance and genotypic coefficient of variance values for key traits like number of primary branches, number of seeds per fruit, number of fruits per plant and dry fruit yield per plant underscore the substantial genetic variability available for effective selection. All the traits showed high broad-sense heritability estimates coupled with high genetic advance as a percentage  of the mean, thus ensuring that selection efforts will result in considerable genetic gains. In conclusion, the F2 population harbours significant genetic potential, making it a valuable resource for identifying superior segregants and developing improved varieties through targeted breeding strategies, ultimately contributing to enhanced agricultural productivity.







[bookmark: _Hlk185330076]Table 1: Mean performance of the F2 population derived from the cross JNA1 × BVC42 along with checks for ten quantitative characters
	Sl.No.
	Characters
	F2 Mean (Kharif 2021)
	Range
	Arka Haritha
	Arka Suphal
	Byadgi dabbi

	
	
	
	MIN
	MAX
	
	
	

	1
	PH
	70.13
	35.40
	77.02
	79.08
	79.48
	93.40

	2
	NPB
	3.30
	2.00
	4.40
	3.20
	3.40
	7.00

	3
	FD
	1.17
	0.73
	1.30
	1.10
	1.94
	1.60

	4
	FL
	5.94
	3.18
	10.38
	7.00
	9.08
	8.30

	5
	FW
	5.11
	2.12
	5.62
	4.88
	5.88
	7.18

	6
	NSF
	71.48
	30.02
	66.80
	60.80
	66.80
	134.00

	7
	TSW
	4.32
	3.02
	7.22
	6.80
	5.93
	7.76

	8
	NFP
	52.06
	24.56
	54.00
	52.00
	45.80
	106.88

	9
	SPAD
	54.25
	23.12
	53.42
	58.35
	59.81
	70.37

	10
	DFYP
	204.31
	119.52
	215.66
	202.70
	200.15
	420.45











 PH-Plant height (cm), NPB- Number of primary branches, FD-Fruit diameter (cm), FL- Fruit length (cm), FW-Fruit weight (grams), NSF-Number of seeds/fruit,TSW-Thousand seed weight (grams), NFP-Number of fruits/plant, SPAD-Chlorophyll Content, DFYP-Dry fruit yield/plant

Table 2: Estimates of genetic variability parameters for ten quantitative characters in JNA1 × BVC42 derived F2 population (Kharif 2021-22)
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Characters
	 
Coefficient of variation
 
	Heritability (%)
	 
GA
	GAM (%)
	Skewness
	Kurtosis
	Kurtosis type

	
	PCV (%)
	GCV (%)
	
	
	
	
	
	

	PH
	14.18
	12.81
	81.64
	16.72
	23.84
	-0.644
	0.921
	P

	NPB
	34.91
	30.73
	77.48
	1.84
	55.71
	0.673
	-0.177
	P

	FD
	11.12
	10.82
	94.80
	0.25
	21.71
	0.376
	0.816
	P

	FL
	17.59
	16.50
	87.96
	1.89
	31.88
	-0.162
	-0.165
	P

	FW
	19.82
	15.38
	60.22
	1.26
	24.58
	-0.467
	0.189
	P

	NSF
	34.88
	32.34
	85.94
	44.14
	61.76
	0.561
	-0.343
	P

	TSW
	21.00
	19.50
	86.19
	1.61
	37.29
	1.745
	2.754
	P

	NFP
	27.94
	25.77
	85.06
	25.48
	48.96
	1.034
	1.265
	P

	CC
	13.39
	11.82
	77.92
	11.66
	21.49
	-0.923
	1.995
	P

	DFYP
	23.13
	21.63
	87.49
	93.50
	41.68
	1.122
	1.515
	P


              PH-Plant height (cm), NPB- Number of primary branches, FD-Fruit diameter (cm), FL- Fruit length (cm), FW-Fruit weight (grams), NSF-Number of seeds/fruit, TSW-Thousand seed weight (grams), NFP-Number of fruits/plant, SPAD-Chlorophyll Content, DFYP-Dry fruit yield/plant, P-Platykurtic (Kurtosis <3.0).


Fig.1. PCV and GCV for ten quantitative traits in segregating F2 population of cross JNA1 × BVC42.

Fig.2. Heritability and GAM for yield and its attributing traits in segregating F2 population of cross JNA1 × BVC42.
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