



Genetic variability and correlation studies in F4 population of the cross JNA1 and Byadgi dabbi in chilli (Capsicum annuum L.)
ABSTRACT


Chilli (Capsicum annuum L.), an annual herb of the Solanaceae family (2n=24), originated in Tropical America and was introduced to India by the Portuguese in the 16th century. Among the 30 species of Capsicum, five are cultivated, with C. annuum being the most commercially important due to its high economic and nutritional value. Its fruits are rich in vitamins A, C and E, and bioactive compounds like capsaicin, capsanthin and oleoresin, which have culinary, industria, and medicinal applications. The present study evaluated genetic variability and trait associations in F4 population of chilli (Capsicum annuum L.) derived from the cross JNA1 × Byadgi dabbi. Conducted during the late Kharif season of 2024-25 at UAS, Raichur, the experiment involved 45 F4 lines and four check varieties in an Augmented Block Design. Eleven morphological and yield-related traits were recorded. Analysis of variance revealed significant genotypic differences for most traits, indicating the presence of substantial genetic variability. Descriptive statistics and high coefficients of variation for fruit diameter, test weight, fruit weight per plant and dry fruit yield per plant confirmed this variability. High genotypic and phenotypic coefficients of variation, heritability and genetic advance as percent of mean were observed for fruit length, chlorophyll content and leaf area, suggesting strong additive gene action. Correlation analysis showed that dry fruit yield per plant had strong, significant positive correlations with fruit weight per plant, number of fruits per plant, fruit length, test weight and plant height. These traits emerged as reliable indicators for yield improvement. In contrast, fruit diameter, number of primary branches and days to 50% flowering had weak or non-significant correlations with yield. The findings underscore the genetic potential within the F4 population. Traits with high heritability and strong yield associations should be prioritized for selection in chilli breeding programs.
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INTRODUCTION 

Chilli (Capsicum annuum L.), a member of the Solanaceae family (2n=24), is an annual herbaceous plant native to Tropical America. Introduced to India by the Portuguese in the 16th century, it is now one of the most widely cultivated spice crops globally (Saxena et al., 2016). Among the 30 species in the Capsicum genus, five are cultivated, with C. annuum being the most commercially important in India (Chhapekar et al., 2016). Chilli is valued for its pungent fruits, rich in vitamins A, C and E, and bioactive compounds like capsaicin, capsanthin and oleoresin, which have culinary, industrial and medicinal uses. Capsaicin concentrated in the fruit's placenta, is responsible for its pungency and possesses antibacterial, analgesic and antidiabetic properties (Dias, 2012). Chilli also contains antioxidants like gallic and chlorogenic acids that contribute to health benefits (Gurnani et al., 2016).


India is a leading producer, consumer and exporter of chillies, with major cultivation in Andhra Pradesh and Karnataka. The crop is grown on 9.9 lakh ha, producing 32.08 lakh tonnes annually (Anonymous, 2024). Due to its economic, nutritional and therapeutic value, chilli remains a significant crop globally. The Byadgi Dabbi chilli is a dual purpose variety used for both green and dry forms, known for its thick, wrinkled skin, bright red colour and low pungency. Despite its desirable qualities, it is highly susceptible to pests and diseases. While varietal uniformity is essential for improved cultivars, genetic variability in germplasm is crucial for breeding programs (Ahmed et al., 2022).


Genetic variability, arising from geographical and genetic factors, forms the foundation for selecting superior parents and improving traits like yield and adaptability. Since yield is a complex trait influenced by multiple characters and environmental factors, understanding genetic parameters such as phenotypic and genotypic variation, heritability and genetic advance as percent of mean is critical for effective selection. India, as a secondary centre of origin for chilli, possesses rich genetic variability due to its diverse agro-climatic conditions (Andrew, 1995; DeWitt and Bosland, 1996). This variability is vital for developing improved cultivars through targeted breeding strategies.


Considering all the above aspects, the present study is undertaken to evaluate the genetic variability and assess the correlation among yield and its associated traits.

MATERIAL AND METHODS

The present investigation was conducted during the late Kharif season of 2024-25 at the Postgraduate Research Block, Main Agricultural Research Station (MARS), University of Agricultural Sciences, Raichur, Karnataka. Laboratory analyses were performed in the Department of Genetics and Plant Breeding, College of Agriculture, UAS, Raichur. The experimental site is situated in the North-Eastern Dry Zone (Zone-II) of Karnataka at 16°12' N latitude and 77°21' E longitude, with an altitude of 389 meters above mean sea level. The region is characterized by red sandy loam soil and receives an average annual rainfall of approximately 879 mm. The mean maximum temperature exceeds 34°C throughout the year. Relative humidity during the monsoon months ranges between 42% and 75%, with an average of six hours of bright sunshine daily. Most of the rainfall occurs during the late Kharif season. Weekly meteorological data recorded during the crop growth period were obtained from the Meteorological Observatory, MARS.
The experimental material comprised 45 F4 lines derived from the cross JNA1 × Byadgi dabbi, along with four check varieties (three resistant and one susceptible) selected based on their known responses to powdery mildew. The trial was laid out in an Augmented Block Design consisting of five blocks, each containing nine F4 lines and the four check entries. The checks were randomized across blocks to ensure appropriate experimental error control, providing a minimum of 12 degrees of freedom for error estimation. Each F4 line was represented by five plants, with observations recorded on individual plant basis for subsequent analysis.

The following parameters were recorded during the study: plant height (cm), days to 50% flowering, number of primary branches, fruit length (cm), fruit diameter (cm), number of fruits per plant, chlorophyll content (mg/g), leaf area per plant (dm²/plant), test weight (g), fruit weight per plant (g) and dry fruit yield per plant (g). These traits were measured to assess genetic variability and their association with yield-related attributes in the F4 population of chilli. The genotypic and phenotypic coefficients of variation were estimated following the method of Burton and De Vane (1953), providing insight into the extent of variability present among the traits. Broad-sense heritability was calculated as per Lush (1945) to determine the proportion of total phenotypic variance attributable to genetic factors. The expected genetic advance as percent of mean, indicating the potential for improvement through selection, was computed using the formula suggested by Johnson et al. (1955). Phenotypic correlation coefficients among traits were analyzed following the procedure outlined by Singh and Chaudhary (1979) to assess the degree of association between yield and its related characters.
RESULTS AND DISCUSSION
The analysis of variance (ANOVA) revealed significant differences among treatments for most of the 11 traits studied, indicating the presence of genetic variability within the F4 population (Table 1). Block effects were non-significant for all traits, suggesting uniform experimental conditions. Treatment effects were highly significant at the 1% level for all traits except plant height, which was significant at the 5% level.

The mean sum of squares for checks and genotypes indicated notable variation. Checks showed highly significant differences for all traits except the number of primary branches, highlighting their effectiveness in capturing variability. Among genotypes, significant variation was observed for number of primary branches, number of fruits per plant, chlorophyll content, leaf area, fruit weight per plant and dry fruit yield per plant, suggesting substantial genetic variability for these traits. In contrast, traits like plant height, days to 50% flowering, fruit length, fruit diameter and test weight showed limited variability.

Overall, the analysis of variance confirmed the existence of significant genetic variability within the population for most traits, suggesting that the breeding material has the potential to respond effectively to selection. These findings are consistent with previous reports, including those of Sharmeen et al. (2024) and Vidyashree et al. (2018) for number of primary branches and fruit diameter; Bekele et al. (2023) for plant height; Nahak et al. (2018) for leaf area; Hameedi et al. (2023) and Minz et al. (2017) for days to 50% flowering; Patel et al. (2022) for fruit length and number of fruits per plant, Krishna et al. (2021) for fruit weight, test weight and dry fruit yield per plant.
The descriptive statistics for eleven morphological and physiological traits (Table 2) indicated substantial variability among the F4 genotypes. Traits such as fruit diameter, test weight, fruit weight per plant and dry fruit yield per plant exhibited high coefficients of variation (CV), wide ranges and standard deviations, highlighting significant genetic variability and potential for improvement through selection (Bijalwan and madhvi, 2013; Sarkar et al., 2019; Kannan et al., 2016; Kumar et al., 2020). Notably, dry fruit yield varied from 50.26 to 280.50 g, reflecting strong genotypic influence and usefulness for selection. Moderate variability was observed for traits like plant height (Farwah et al., 2020; Ratna et al., 2024), fruit length and number of fruits per plant (Zehra et al., 2017), suggesting genetic variability combined with environmental influence. In contrast, days to 50% flowering and leaf area showed low CV, indicating trait stability and uniform expression (Kannan et al., 2016; Meena et al., 2016), useful for maintaining phenological synchronization and vegetative consistency. Overall, the presence of both stable and variable traits underscores a strong foundation for targeted breeding. High variability traits directly linked to productivity, such as fruit weight and dry yield, should be prioritized in selection and hybridization programs aimed at improving yield and adaptability.

The study revealed substantial genetic variability in the F4 population across eleven traits, with notable differences in GCV, PCV, heritability and GAM (Table 3; Figures 1a, 1b). Fruit length, chlorophyll content, leaf area, number of fruits per plant and dry fruit yield per plant showed high heritability and GAM, indicating strong additive gene action and high selection potential, aligning with findings by Bhoomika et al. (2021), Tembhurne and Belabadevi (2015) and Gupta et al. (2009). Fruit diameter and fruit weight per plant exhibited moderate to high heritability and moderate GAM, suggesting scope for improvement, as supported by Farwah et al. (2020), Belay and Tsehaye (2020) and Yadav et al. (2024). In contrast, number of primary branches had low heritability and GAM with high environmental influence, limiting direct selection, which is in agreement with Chakrabarty and Islam (2017), Thirupathamma et al. (2021) and Sai et al. (2023). Plant height and test weight showed varying degrees of heritability and genetic advance (Bekele et al., 2023; Patel et al., 2022; Deppo et al., 2020). Overall, traits with high genetic parameters offer promising targets for selection, reinforcing the genetic potential of the F4 population for yield improvement.

The correlation coefficient analysis revealed significant associations among various morphological and yield-contributing traits in the F4 population of chilli (Table 4). Notably, plant height exhibited a significant positive correlation with fruit weight per plant, dry fruit yield per plant and number of fruits per plant, suggesting that taller plants are generally more productive consistent with the findings of Rahevar et al. (2019). Fruit length also showed a strong positive correlation with yield traits such as fruit weight and dry fruit yield, indicating its potential as a key selection criterion for yield improvement, as supported by Hasanuzzaman and Golam (2011) and Bekele et al. (2023). The number of fruits per plant had almost perfect correlations with both fresh and dry fruit weight, emphasizing it as a primary determinant of yield (Pandit and Adhikary, 2014; Bekele et al., 2023). Test weight also showed strong associations with yield components, aligning with results by Sarkar et al. (2019). Chlorophyll content demonstrated moderate positive correlations with number of fruits per plant, plant height and yield, supporting its role as a supportive physiological trait for selection (Patel & Patel, 2014; Usman et al., 2014). In contrast, days to 50% flowering and number of primary branches had weak or non-significant correlations with most traits, suggesting limited direct influence on yield (Ajjapplavara et al., 2005). Although fruit diameter showed only weak associations with yield, it remains relevant for fruit quality and market preferences (Belay & Tsehaye, 2020; Pandit and Adhikary, 2014). Overall, the traits such as number of fruits per plant, fruit length, test weight and fruit weight per plant emerged as reliable indicators for selecting high-yielding genotypes, in agreement with earlier studies by Yadav et al. (2024) and Patel and Chaurasiya (2023).

CONCLUSION
The comprehensive evaluation of the F4 population derived from the cross between JNA1 and Byadgi dabbi revealed substantial genetic variability across a broad range of morphological, physiological and yield-related traits. Analysis of variance confirmed significant differences among genotypes for most traits, suggesting the presence of adequate genetic variability within the population. Descriptive statistics showed wide ranges and high coefficients of variation for key traits such as fruit diameter, test weight, fruit weight per plant and dry fruit yield per plant, indicating the potential for effective selection.

Genetic parameters such as the genotypic and phenotypic coefficients of variation (GCV and PCV), heritability in the broad sense and genetic advance as a percentage of the mean (GAM) further highlighted the variability among traits. Traits such as fruit length, chlorophyll content and leaf area exhibited high GCV, PCV, high heritability and high GAM, suggesting that these are largely governed by additive gene action and are suitable for improvement through direct selection. Dry fruit yield per plant and days to 50% flowering also demonstrated high heritability and genetic advance, indicating genetic control and the potential for meaningful selection. In contrast, traits like number of primary branches showed low heritability and genetic advance, suggesting stronger environmental influence and the need for more refined selection strategies, such as indirect selection or recurrent selection across generations.

Correlation analysis provided insights into the relationships among traits and their influence on yield. Dry fruit yield per plant showed strong and significant positive correlations with fruit weight per plant, number of fruits per plant, test weight, fruit length and plant height. These associations suggest that improving these traits will lead to a concurrent increase in yield. Among these, fruit weight per plant exhibited the highest correlation with dry fruit yield, emphasizing its importance as a direct yield component. Similarly, number of fruits per plant was positively and significantly associated with traits like test weight and fruit length, highlighting its value as a key trait for selection. Chlorophyll content, which showed positive associations with plant height and number of fruits per plant may serve as a useful physiological indicator of plant vigour and productivity.

In contrast, traits like fruit diameter showed weak or non-significant correlations with yield components, indicating that it may not directly contribute to productivity and should be considered based on market preferences rather than as a yield-improving trait. Leaf area exhibited a significant negative correlation with days to 50% flowering, suggesting that early-flowering genotypes tend to develop smaller leaves, potentially offering an advantage in short-season environments.

Overall, the findings from this study underline the considerable genetic potential present in the F4 population. Traits with high heritability and strong positive correlations with yield, particularly fruit weight per plant, number of fruits per plant and fruit length, should be prioritized in selection. The observed phenotypic variability and trait associations provide a strong foundation for future breeding efforts aimed at developing superior chilli cultivars with enhanced yield potential, improved plant architecture and better adaptability to diverse growing conditions.
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Table 1. Analysis of variance (ANOVA) for various quantitative traits considered in the study

	Sources of variation
	df
	PH
	DFF
	NPB
	FL
	FD
	NFP

	Blocks
	4
	14.57
	2.05
	0.01
	0.11
	0.01
	6.2

	Treatments (Genotypes + checks)
	48
	41.84*
	11.91**
	0.97**
	6.54**
	0.11**
	441.63**

	Checks
	3
	276.13**
	109.13**
	0.21
	92.97**
	1.39**
	2804.58**

	Genotypes
	44
	26.68
	4.25
	0.34**
	0.78
	0.02
	201.98**

	Genotypes vs Checks
	1
	5.79
	57.25**
	31.13**
	0.79
	0.5**
	3897.38**

	Error
	12
	15.34
	3.05
	0.07
	0.37
	0.01
	10.83


	Sources of variation
	df
	CC
	LA
	TW
	FWP
	DFYP

	Blocks
	4
	11.51
	12.87
	0.28
	96.36
	309.6

	Treatments (Genotypes + checks)
	48
	104.56**
	9.87**
	5.91**
	9156.82**
	7577.86**

	Checks
	3
	432.46**
	26.78**
	71.73**
	52943.83**
	51675.86**

	Genotypes
	44
	68.65**
	6.83**
	1.01
	5542.89**
	4337.14**

	Genotypes vs Checks
	1
	700.87**
	93.32**
	24.37**
	36808.6**
	17875.62**

	Error
	12
	14.27
	1.76
	0.58
	311.35
	398.68


* p <= 0.05; ** p <= 0.01

Where,

PH – Plant height (cm)
DFF – Days to 50 per cent flowering

NPB – Number of primary branches        
FL – Fruit length (cm)

FD – Fruit diameter (cm)
NFP – Number of fruits per plant             
CC – Chlorophyll Content (mg/g)             
LA – Leaf area (dm2/plant)
TW – 1000 seed test weight (g) 
FWP – Fruit weight per plant (g) 
DFYP – Dry fruit yield per plant (g)

Table 2. Descriptive Statistics for yield and its attributing traits in F4 population of the JNA1 × Byadgi dabbi in chilli
	Sl. No
	Trait
	Mean 
	CV
	Range
	SE
	SD

	
	
	
	
	Minimum
	Maximum
	
	

	1
	Plant height (cm)
	59.99
	6.54
	44.96
	70.22
	0.82
	5.74

	2
	Days to 50 per cent flowering
	56.57
	3.11
	48.00
	61.00
	0.36
	2.53

	3
	Number of primary branches
	3.04
	9.50
	1.00
	4.00
	0.10
	0.69

	4
	Fruit length (cm)
	6.45
	9.47
	3.12
	9.54
	0.20
	1.38

	5
	Fruit diameter (cm)
	0.96
	12.26
	0.41
	1.38
	0.03
	0.18

	6
	Number of fruits per plant
	47.76
	7.49
	15.00
	79.00
	2.25
	15.75

	7
	Chlorophyll content (mg/g)
	49.46
	7.40
	25.84
	62.54
	1.26
	8.80

	8
	Leaf area (dm²/plant)
	26.61
	4.88
	19.69
	31.95
	0.41
	2.88

	9
	Test weight (g)
	6.59
	12.13
	5.25
	9.25
	0.19
	1.36

	10
	Fruit weight per plant (g)
	186.14
	10.11
	72.68
	346.23
	10.94
	76.58

	11
	Dry fruit yield per plant (g)
	144.69
	12.66
	50.26
	280.50
	10.12
	70.82


Where,

CV - Coefficient of variation       SE - Standard error        SD - Standard deviation   

Table 3. Estimates of genetic variability parameters for yield and its attributing traits in F4 population of the JNA1 × Byadgi dabbi in chilli
	Sl. No
	Trait
	Mean
	GCV (%)
	PCV (%)
	h2 (%)
	GAM (%)

	1
	Plant height (cm)
	59.99
	5.61
	8.61
	42.51
	7.55

	2
	Days to 50 per cent flowering
	56.57
	17.11
	19.08
	80.43
	31.66

	3
	Number of primary branches
	3.04
	1.93
	3.64
	28.16
	2.12

	4
	Fruit length (cm)
	6.45
	28.95
	29.76
	94.64
	58.10

	5
	Fruit diameter (cm)
	0.96
	9.95
	13.68
	52.92
	14.93

	6
	Number of fruits per plant
	47.76
	7.26
	13.78
	67.73
	21.88

	7
	Chlorophyll content (mg/g)
	49.46
	38.86
	40.00
	94.38
	77.88

	8
	Leaf area (dm²/plant)
	26.61
	37.85
	39.72
	90.81
	74.41

	9
	Test weight (g)
	6.59
	9.86
	15.21
	42.07
	13.20

	10
	Fruit weight per plant (g)
	186.14
	8.46
	9.82
	74.23
	15.04

	11
	Dry fruit yield per plant (g)
	144.69
	14.91
	16.75
	79.21
	27.37


Where,

GCV: Genotypic Coefficient of Variation

PCV: Phenotypic Coefficient of Variation

h2: Broad Sense Heritability



GAM: Genetic Advance as Percent of Mean
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Figure 1a. Genotypic and phenotypic coefficients of variation for different characters in F4 population of JNA1×Byadgi dabbi in chilli

Where,

PH – Plant height (cm)
DFF – Days to 50 per cent flowering

NPB – Number of primary branches

FL – Fruit length (cm)

FD – Fruit diameter (cm)
NFP – Number of fruits per plant             
CC – Chlorophyll Content (mg/g)      
LA – Leaf area (dm2/plant)
TW – 1000 seed test weight (g) 
FWP – Fruit weight per plant (g) 
DFYP – Dry fruit yield per plant (g)

[image: image2.png]= Heritability (%) uGAM (%)
100

90

DFYP

8

Y -
S S o o 32

3

>

2

o o




Figure 1b. Broad sense heritability and genetic advance as percent of mean for different characters in F4 population of JNA1×Byadgi dabbi in chilli

Where,

PH – Plant height (cm)
DFF – Days to 50 per cent flowering

NPB – Number of primary branches

FL – Fruit length (cm)

FD – Fruit diameter (cm)
NFP – Number of fruits per plant             
CC – Chlorophyll Content (mg/g)      
LA – Leaf area (dm2/plant)
TW – 1000 seed test weight (g) 
FWP – Fruit weight per plant (g) 
DFYP – Dry fruit yield per plant (g)
Table 4. Estimation of phenotypic correlation coefficients for yield attributing traits in F4 population of the JNA1 × Byadgi dabbi in chilli
	
	PH
	DFF
	NPB
	FL
	FD
	NFP
	CC
	LA
	TW
	FWP
	DFYP

	PH
	1
	
	
	
	
	
	
	
	
	
	

	DFF
	0.006
	1
	
	
	
	
	
	
	
	
	

	NPB
	-0.108
	-0.035
	1
	
	
	
	
	
	
	
	

	FL
	0.404**
	-0.088
	0.037
	1
	
	
	
	
	
	
	

	FD
	-0.255
	-0.041
	0.052
	-0.064
	1
	
	
	
	
	
	

	NFP
	0.546**
	0.011
	0.041
	0.488**
	0.089
	1
	
	
	
	
	

	CC
	0.340*
	0.143
	0.194
	0.233
	0.181
	0.308*
	1
	
	
	
	

	LA
	-0.119
	-0.294*
	0.276
	0.070
	0.204
	0.086
	0.025
	1
	
	
	

	TW
	0.337*
	-0.070
	0.030
	0.236
	0.178
	0.818**
	0.068
	0.191
	1
	
	

	FWP
	0.529**
	0.020
	0.059
	0.487**
	0.099
	0.996**
	0.290
	0.085
	0.827**
	1
	

	DFYP
	0.525**
	0.013
	0.054
	0.484**
	0.097
	0.996**
	0.286
	0.083
	0.822**
	0.999**
	1


* p <= 0.05; ** p <= 0.01

Where,

PH – Plant height (cm)
DFF – Days to 50 per cent flowering

NPB – Number of primary branches        
FL – Fruit length (cm)

FD – Fruit diameter (cm)
NFP – Number of fruits per plant             
CC – Chlorophyll Content (mg/g)             
LA – Leaf area (dm2/plant)
TW – 1000 seed test weight (g) 
FWP – Fruit weight per plant (g) 
DFYP – Dry fruit yield per plant (g)


