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Genetic parameters for yield, yield attributing and quality characters in Tomato
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ABSTRACT 

	Aims: Tomato is a major vegetable crop worldwide. For a successful breeding program, it requires sufficient genetic variability for selection. Estimation of the genetic variability present in thirty tomato genotypes was the aim of the study. 
Study design: The study was carried out in a randomized block design with three replications.
Place and Duration of Study: The study was conducted at S. V. Agricultural College, Tirupati, during rabi 2023-24.
Methodology: Observations on various parameters were recorded. The statistical analysis was performed for the mean data recorded on five randomly selected plants of each genotype from each replication. The statistical software used for analysis of data is WINDOSTAT 9.2.
Results: Analysis of variance showed significant differences between the genotypes for all twenty three characters studied. The high yielding genotypes were Azad T8, Arka Vikas, Arka Ahuti, Pant T-3 and Bhagyashree. The genotypes Utkal Kumari and Kashi Adarsh stood at the top for majority of the characters. The high GCV and PCV values for number of clusters per plant, number of leaves at 60 DAT, fruit weight, number of locules in fruit, number of primary branches per plant, titratable acidity, beta carotene, fruit shelf life and yield per plant indicated that sufficient variation was present in the genotypes studied. A high heritability along with high genetic advance as percent of mean was detected for a number of characters including plant height, fruit weight, fruit length, yield per plant which indicated that additive gene action is regulating their expression and they could be improved with simple selection.
Conclusion: These findings provide insights for selecting superior genotypes and formulating effective breeding strategies for yield and quality improvement in tomato.
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1. INTRODUCTION 

Tomatoes rank as the second most important vegetable crop globally, following potatoes. It is a self-pollinated crop belonging to the family Solanaceae. The center of origin is believed to be South America consisting of Peru-Bolivia-Ecuador region (Jenkins, 1948; Rick, 1976). It was first domesticated in Mexico and since then, it has undergone extensive domestication and breeding, leading to a remarkable diversity in form, colour, taste and adaptability. 

Globally, tomato cultivation spans an area of approximately 5 million hectares, yielding a production of nearly 186.82 million tonnes with an average productivity of 36.97 tonnes per hectare, with China leading the production, followed by India (FAOSTAT, 2022). In India, the top producers are Madhya Pradesh, followed by Andhra Pradesh and Karnataka.

Tomatoes are highly valued for their nutritional richness and culinary versatility. Tomato is known as “protective food” due to its nutritive value. They are believed to offer numerous health benefits.

India's tomato productivity (25.33 t/ha) lags behind the world average (36.97 t/ha), underscoring the need for targeted crop improvement initiatives. 

The success of a breeding program depends on the quantum of genetic variability available for exploitation. Understanding and utilizing this genetic variability is paramount for developing superior tomato cultivars that meet the demands of growers, processors and consumers.

The progress in breeding for economic traits is determined by the magnitude and nature of their genetic variability. It is essential to partition the overall variability into its heritable and non-heritable components. Genetic parameters such as genetic coefficient of variation, heritability and genetic advance should be estimated. The genetic advance as per cent of mean in a population, combined with heritability, provides a reliable estimate of the genetic advance expected from selection for a given character (Johnson et al., 1955).

Considering the importance of tomatoes and the facts outlined above, it is essential to generate more information on genetic variability in tomato for various traits of interest. Therefore, the present investigation was undertaken with the aim to study the genetic variability, heritability and genetic advance among different varieties.

2. material and methods 

The present study was carried out at the S. V. Agricultural College, Tirupati during rabi, 2023-24. Thirty genotypes of tomato procured from Indian Institute of Vegetable Research; Varanasi were used in the experiment. The list of genotypes is given in the    Table 1. 

The experimental material was evaluated using Randomized Block Design (RBD) with three replications. The genotypes were planted in a single row in each replication at a spacing of 60 cm × 45 cm with a row length of 4.5 m. 

Observations on various parameters viz., number of leaves at 30 DAT (days after transplanting), days to 50% flowering, number of clusters per plant, days to 50% fruit setting, number of fruits per cluster, number of leaves at 60 DAT, internode length (cm), plant height (cm), number of primary branches per plant, fruit length (cm), fruit diameter (cm), number of locules in fruit, pericarp thickness (mm), average fruit weight (g), fruit pH, total soluble solids (oBx), titratable acidity (%), ascorbic acid (mg/100g), lycopene content (mg/100g), beta-carotene (mg/100g), fruit shelf life, seed test weight (g) and yield per plant (kg) were recorded. 

The statistical analysis was performed for the mean data recorded on five randomly selected plants of each genotype from each replication. The statistical software used for analysis of data is WINDOSTAT 9.2. The analysis of variance (ANOVA) technique based on the model proposed by Panse and Sukhatme (1985), was used to test for presence of significant differences among genotypes for the different characters studied. The genotypic and phenotypic variances were estimated as per the formula proposed by Burton (1952). Heritability in broad sense (h2bs) was calculated by the formula given by Allard (1960). The genetic advance and genetic advance as per cent of mean was estimated by the formula given by Johnson et al. (1955).

Table 1.	List of experimental material of tomato (Solanum lycopersicum L.) studied during Rabi 2023-24.

	S. No.
	Genotype
	S. No.
	Genotype

	1
	Anagha
	16
	Kalyanpur T-4

	2
	Anand Tomato -3
	17
	Kashi Adarsh

	3
	Arka Ahuti
	18
	Kashi Amrit

	4
	Arka Vikas
	19
	Kashi Sharad

	5
	Azad T2
	20
	KS-16

	6
	Azad T8
	21
	Moneymaker

	7
	Best of All
	22
	Pant T-3

	8
	Bhagyashree
	23
	PNR-7

	9
	BT-11
	24
	Punjab Chhuhara

	10
	CO-3
	25
	Pusa Gaurav

	11
	Colambia
	26
	Pusa Rohini

	12
	DARL-68
	27
	Pusa Sheetal

	13
	DCT-2
	28
	Pusa Uphar

	14
	Floradade
	29
	Swarna Naveen

	15
	Hisar Lalit
	30
	Utkal Kumari



3. results and discussion

The ANOVA revealed significant mean sum of squares due to genotypes for all the characters studied. The results of analysis of variance for fruit yield, yield attributing and quality characters in thirty tomato genotypes are presented in Table 2. 

Table 2.	Analysis of Variance for fruit yield, yield attributing and quality characters in tomato genotypes.

	S. No.
	Character
	Mean Sum of Squares

	
	
	Treatment (df=29)
	Replication (df=2)
	Error (df=58)

	1

	Number of leaves at 30 DAT
	55.10**
	2.26
	7.03

	2
	Days to 50% flowering
	211.60**
	30.74
	30.15

	3
	Number of clusters/plant
	14.75**
	0.15
	0.54

	4
	Days to 50% fruit setting
	11.58*
	1.14
	6.62

	5
	Number of leaves at 60 DAT
	15783.90**
	0.57
	46.56

	6
	Number of fruits/cluster
	0.61**
	0.18
	0.16

	7
	Internode length (cm)
	0.38**
	0.10
	0.11

	8
	Plant Height (cm)
	773.46**
	3.19
	40.40

	9
	Number of primary branches/plant
	15.45**
	0.62
	1.19

	10
	Average fruit weight(g)
	725.96**
	40.13
	43.40

	11
	Fruit length(cm)
	2.08**
	0.14
	0.05

	12
	Fruit diameter(cm)
	0.87**
	0.04
	0.06

	13
	Number of locules in Fruit
	1.53**
	0.24
	0.14

	14
	Pericarp thickness (mm)
	2.74**
	0.18
	0.26

	15
	TSS (°Bx)
	0.77**
	0.19
	0.34

	16
	Titratable Acidity (%)
	0.07**
	0.00
	0.00

	17
	Ascorbic Acid (mg/100g)
	40.15**
	0.07
	0.29

	18
	Fruit pH
	0.05**
	0.01
	0.01

	19
	Lycopene Content (mg/100g)
	0.05**
	0.00
	0.02

	20
	Beta carotene (mg/100g)
	1.21**
	0.01
	0.00

	21
	Fruit Shelf Life
	380.22**
	4.93
	17.69

	22
	Seed test weight (g)
	0.24**
	0.15
	0.08

	23
	Yield/plant (kg)
	0.35**
	0.04
	0.01


df:  Degrees of freedom     
 * and ** indicates significant at 5% and 1% level of significance respectively.

The overall mean value, range and coefficient of variation for twenty three characters are presented in Table 3. The variation was maximum for number of leaves at 60 DAT (101.13-334.2) followed by fruit weight (21.33-80.20) and plant height (53.40-111.50) whereas it was minimum for the traits fruit pH (3.57-4.09), titratable acidity (0.21-0.93) and seed test weight (2.03-3.30). The characters showing wide range of variation offers ample scope for improvement. Similar results were reported by Srinivasulu et al. (2024), Eppakayala et al. (2021), Anuradha et al. (2020), Behera et al. (2020), Meena et al. (2018), Parappa Ligade et al. (2017), Somraj et al. (2017), Meena et al. (2015), Sahu et al. (2013) and Kaushik et al. (2011).

Table 3.	The overall mean value, range and coefficient of variation for twenty three characters.

	S. No.
	Character
	Mean
	Range
	Coefficient of Variation (CV)

	
	
	
	Min.
	Max.
	

	1
	Number of leaves at 30 DAT
	25.77
	18.33
	34.13
	10.29

	2
	Days to 50% flowering
	49.48
	25.33
	57.33
	11.1

	3
	Number of clusters/plant
	6.73
	3.2
	11.65
	10.89

	4
	Days to 50% fruit setting
	58.02
	54.67
	61.33
	4.43

	5
	Number of leaves at 60 DAT
	200.44
	101.13
	334.2
	3.4

	6
	Number of fruits/cluster
	3.81
	3
	4.8
	10.44

	7
	Internode length (cm)
	3.46
	2.94
	4.5
	9.8

	8
	Plant Height (cm)
	80.08
	53.4
	111.5
	7.94

	9
	Number of primary branches/plant
	9.42
	4.93
	13.95
	11.57

	10
	Average fruit weight(g)
	55.33
	21.33
	80.2
	11.91

	11
	Fruit length(cm)
	4.4
	3.15
	6.66
	5.33

	12
	Fruit diameter(cm)
	4.57
	3.13
	5.41
	5.3

	13
	Number of locules in Fruit
	3.22
	2.07
	5.07
	11.66

	14
	Pericarp thickness (mm)
	5.11
	3.38
	6.71
	9.91

	15
	TSS (°Bx)
	5.43
	4.33
	6.27
	10.78

	16
	Titratable Acidity (%)
	0.41
	0.21
	0.93
	10.99

	17
	Ascorbic Acid (mg/100g)
	19.94
	14.55
	28.48
	2.7

	18
	Fruit pH
	3.75
	3.57
	4.09
	2.71

	19
	Lycopene Content (mg/100g)
	4.97
	4.82
	5.39
	2.84

	20
	Beta carotene (mg/100g)
	1.32
	0.17
	2.65
	5.35

	21
	Fruit Shelf Life
	35.2
	21
	63
	11.95

	22
	Seed test weight (g)
	2.81
	2.03
	3.3
	10.21

	23
	Yield/plant (kg)
	1.2
	0.71
	2.42
	9.74


According to the per se performance, Azad T8, Arka Vikas, Arka Ahuti, Pant T-3 and Bhagyashree are the top five high yielding genotypes. Azad T8 has the highest yield per plant and TSS among the genotypes. Apart from this, it also has other desirable characters like low number of clusters per plant and tallness. It recorded above mean values for days to 50% flowering, number of primary branches per plant, fruit length, fruit diameter, number of locules in fruit, average fruit weight, ascorbic acid, titratable acidity, beta-carotene and seed test weight. The genotype Arka Vikas is a high yielder with late flowering, higher average fruit weight and higher number of locules in fruit. It showed above average values for number of leaves at 30 DAT, days to first flowering, fruit diameter, fruit pH and beta carotene content. Arka Ahuti has the best shelf life among the genotypes and recorded above mean values for pericarp thickness, fruit length and days to 50% flowering. It is a high yielding genotype. The genotype Pant T-3 is high yielding along with having the lowest days to fruit setting and highest number of leaves at 60 DAT. The genotype also recorded high number of leaves at 30 DAT, high number of locules in fruit and low number of fruits per cluster. Bhagyashree recorded high yield per plant. It exhibited other desirable characters like high fruit diameter, days to 50% fruit setting, plant height, number of locules in fruit, average fruit weight, pericarp thickness and beta carotene. List of top five genotypes based on per se performance is presented in Table 4.

Table 4.	List of top five genotypes based on per se performance in tomato.

	Sl. No.
	Character
	Genotypes

	
	
	
	

	1
	Number of leaves at 30 DAT
	DCT-2, Anagha, Pant T-3, Anand Tomato -3, Utkal Kumari
	

	
	
	
	

	2
	Days to 50% flowering
	Late
	DARL-68, Kashi Sharad, KS-16, CO-3, Arka Vikas
	

	
	
	Early
	Swarna Naveen, Pusa Sheetal, Pusa Rohini, Pusa Uphar, Pusa Gaurav
	

	3
	Number of clusters/plant
	Azad T2, Anagha, DCT-2, Arka Ahuti, Kashi Amrit
	

	
	
	
	

	4
	Days to 50% fruit setting
	Late
	Kashi Sharad, Pusa Gaurav, KS-16, Arka Vikas, 
	

	
	
	
	DARL-68
	

	
	
	Early
	Utkal Kumari, Azad T2, Pant T-3, PNR-7, DCT-2
	

	5
	Number of leaves at 60 DAT
	Pant T-3, Punjab Chhuhara, BT-11, Pusa Sheetal, Utkal Kumari
	

	
	
	
	

	6
	Number of fruits/cluster
	Best of All, Swarna Naveen, Arka Ahuti, BT-11, Azad T2
	

	
	
	
	

	7
	Internode length (cm)
	Kalyanpur T-4, CO-3, Azad T2, Swarna Naveen, KS-16
	

	
	
	
	

	8
	Plant Height (cm)
	Utkal Kumari, Azad T8, KS-16, Floradade, Best of All
	

	
	
	
	

	9
	Number of primary branches/plant
	KS-16, Kashi Adarsh, Utkal Kumari, BT-11, Best of All
	

	
	
	
	

	10
	Average fruit weight(g)
	Pusa Rohini, Colambia, Arka Vikas, CO-3, Kashi Sharad
	

	
	
	
	

	11
	Fruit length(cm)
	Punjab Chhuhara, Pusa Uphar, Pusa Gaurav, DARL-68, Kashi Sharad
	

	
	
	
	

	12
	Fruit diameter(cm)
	CO-3, Arka Vikas, Bhagyashree, Pusa Rohini, Moneymaker
	

	
	
	
	

	13
	Number of locules in fruit
	CO-3, Arka Vikas, Pant T-3, Anagha, Colambia
	

	
	
	
	

	14
	Pericarp thickness (mm)
	DARL-68, Pusa Rohini, Best of All, Pusa Gaurav, Kashi Amrit
	

	
	
	
	

	15
	Ascorbic Acid (mg/100g)
	Swarna Naveen, Pusa Rohini, Kashi Adarsh, Pusa Uphar, KS-16
	

	
	
	
	

	16
	TSS (°Bx)
	Azad T8, Best of All, Pusa Sheetal, Colambia, Swarna Naveen
	

	
	
	
	

	17
	Titratable Acidity (%)
	Moneymaker, Colambia, Pusa Sheetal, KS-16, Kalyanpur T-4
	

	
	
	
	

	18
	Fruit pH
	Swarna Naveen, Pant T-3, Best of All, Kashi Sharad, DARL-68
	

	
	
	
	

	19
	Lycopene Content (mg/100g)
	DARL-68, Kashi Adarsh, Kashi Sharad, DCT-2, CO-3
	

	
	
	
	

	20
	Beta carotene (mg/100g)
	Azad T2, Utkal Kumari, Pusa Uphar, Kashi Amrit, Pusa Sheetal
	

	
	
	
	

	21
	Fruit Shelf Life
	Arka Ahuti, Pusa Gaurav, Pusa Rohini, Kashi Amrit, Kashi Adarsh
	

	
	
	
	

	22
	Seed test weight (g)
	Punjab Chhuhara, Pusa Gaurav, DCT-2, Kashi Sharad, Kashi Adarsh
	

	
	
	
	

	23
	Yield/plant (kg)
	Azad T8, Arka Vikas, Arka Ahuti, Pant T-3, Bhagyashree
	



The genetic parameters for twenty-three characters in tomato are outlined in Table 5. The GCV and PCV values for number of clusters per plant, number of leaves at 60 DAT, number of primary branches per plant, fruit weight, number of locules in fruit, titratable acidity, beta carotene, fruit shelf life and yield per plant were high, suggesting the potential for selecting appropriate preliminary breeding material for future improvement. The magnitude of GCV and PCV were almost equal for most of the characters indicating that least influence of environment in expression of these traits. The TSS showed higher PCV compared to GCV indicating their expression were influenced by the environment. The results are in agreement with the findings Mahurtale et al. (2023), Eppakayala et al. (2021), Anuradha et al. (2020), Behera et al. (2020), Kherwa et al. (2020), Somraj et al. (2017), Shokat et al. (2015), Sahu et al. (2013) and Kaushik et al. (2011).

The heritability in broad sense ranged from 20.02% for days to 50% fruit setting to 99.12% for number of leaves at 60 DAT. High values of heritability for characters indicated that they were least affected by environmental modifications and selection based on phenotypic performance would be reliable. The genetic advance as percent of mean varied from 2.04% for days to 50% fruit setting to 98.03% for beta carotene. The characters showing low genetic gain indicated that scope of improvement for these characters by simple pure line selection are less in this gene pool.





Table 5.	Genetic parameters for twenty three characters in tomato.

	S. No.
	Character
	Variance
	GCV (%)
	PCV (%)
	H (%)
	GA
	GAM

	
	
	Genotypic (S2g)
	Phenotypic (S2p)
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	1
	Number of leaves at 30 DAT
	16.02
	23.05
	15.54
	18.64
	69.5
	6.87
	26.68
	

	2
	Days to 50% flowering
	60.49
	90.63
	15.72
	19.24
	66.74
	13.09
	26.45
	

	3
	Number of clusters/plant
	4.74
	5.27
	32.33
	34.12
	89.81
	4.25
	63.12
	

	4
	Days to 50% fruit setting
	1.66
	8.27
	2.22
	4.96
	20.02
	1.19
	2.04
	

	5
	Number of leaves at 60 DAT
	5245.78
	5292.34
	36.14
	36.3
	99.12
	148.54
	74.11
	

	6
	Number of fruits/cluster
	0.15
	0.31
	10.12
	14.54
	48.44
	0.55
	14.51
	

	7
	Internode length (cm)
	0.09
	0.2
	8.66
	13.08
	43.83
	0.41
	11.81
	

	8
	Plant Height (cm)
	244.35
	284.75
	19.52
	21.07
	85.81
	29.83
	37.25
	

	9
	Number of primary branches/plant
	4.75
	5.94
	23.15
	25.88
	80.01
	4.02
	42.65
	

	10
	Average fruit weight(g)
	227.52
	270.92
	27.26
	29.75
	83.98
	28.48
	51.46
	

	11
	Fruit length(cm)
	0.67
	0.73
	18.69
	19.43
	92.49
	1.63
	37.02
	

	12
	Fruit diameter(cm)
	0.27
	0.33
	11.4
	12.57
	82.21
	0.97
	21.28
	

	13
	Number of locules in Fruit
	0.46
	0.6
	21.13
	24.14
	76.68
	1.23
	38.12
	

	14
	Pericarp thickness (mm)
	0.83
	1.08
	17.79
	20.37
	76.32
	1.64
	32.02
	

	15
	Fruit pH
	0.01
	0.02
	3.16
	4.16
	57.72
	0.19
	4.95
	

	16
	TSS (°Bx)
	0.14
	0.49
	6.95
	12.82
	29.35
	0.42
	7.75
	

	17
	Titratable Acidity (%)
	0.02
	0.02
	35.22
	36.89
	91.15
	0.29
	69.26
	

	18
	Ascorbic Acid (mg/100g)
	13.29
	13.58
	18.28
	18.48
	97.86
	7.43
	37.25
	

	19
	Lycopene Content (mg/100g)
	0.01
	0.03
	1.92
	3.43
	31.47
	0.11
	2.22
	

	20
	Beta carotene (mg/100g)
	0.4
	0.41
	47.88
	48.17
	98.79
	1.3
	98.03
	

	21
	Fruit Shelf Life
	120.84
	138.53
	31.23
	33.44
	87.23
	21.15
	60.09
	

	22
	Seed test weight (g)
	0.05
	0.13
	8.1
	13.03
	38.62
	0.29
	10.36
	

	23
	Yield/plant (kg)
	0.11
	0.12
	27.66
	29.31
	89.01
	0.65
	53.75
	



A high heritability along with high genetic advance as percent of mean was detected for number of leaves at 30 DAT, days to 50% flowering, number of cluster per plant, number of leaves at 60 DAT, plant height, number of primary branches per plant, fruit weight, fruit length, fruit diameter, number of locules in fruit, pericarp thickness, titratable acidity, ascorbic acid, beta carotene, fruit shelf life and yield per plant which might be attributed to additive gene action regulating their expression and simple phenotypic selection for their improvement would be effective. 

The traits days to 50% fruit setting, fruit pH, total soluble solids and lycopene content showed non-additive gene action, which suggests that these traits can be improved through heterosis breeding by developing suitable hybrids. The traits number of fruits per cluster, internode length and seed test weight are governed by both additive and non-additive gene action. Therefore, population improvement can be taken up for the development of superior lines. 

These findings align closely with those reported by Srinivasulu et al. (2024), Mahurtale et al. (2023), Prajwalitha et al. (2022), Eppakayala et al. (2021), Behera et al. (2020), Anuradha et al. (2020), Kherwa et al. (2020), Parappa Ligade et al. (2017), Somraj et al. (2017), Bhandari et al. (2017), Meena et al. (2018), Kaushik et al. (2011) and Sahu et al. (2013).Table 5. Genetic parameters for twenty three characters in tomato.

4. Conclusion

This study aimed to examine the genetic variability, heritability and genetic advance for yield, yield attributes and quality characters in 30 genotypes of tomato. Significant differences were found among the tomato genotypes for all the characters, indicating the presence of variability among the genotypes. The high yielding genotypes were Azad T8, Arka Vikas, Arka Ahuti, Pant T-3 and Bhagyashree. The genotypes Utkal Kumari and Kashi Adarsh stood at the top for majority of the characters. The gap between PCV and GCV values was meagre for most of the characters, indicating that the characters under research were less affected by the environment. Characters showing high heritability along with high genetic advance as per cent of mean indicates that the variation was most likely due to additive gene effects, hence, simple pure line selection may be effective to improve these characters. The characters showing low genetic advance as per cent of mean indicating non-additive gene action can be improved through heterosis breeding by developing suitable hybrids. The characters showing moderate heritability and genetic advance as per cent of mean are governed by both additive and non-additive gene action. Therefore, population improvement can be taken up for the development of superior lines.
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