


Studies on Genetic Variability and Heritability in Tomato (Solanum Lycopersicum L.)



      ABSTRACTThe effectiveness of selection is influenced by the heritability of favorable traits as well as the nature and degree of genetic variation. It is impossible to achieve desirable improvements with little variation. As a result, a breeder may need to generate more significant variation via hybridization, mutation, and polyploidy breeding, or they may need to enrich the germplasm. The current study was conducted to investigate the genetic variability, heritability, genetic advancement for yield and its related components and to identify high yielding superior genotypes of tomato. Forty-one tomato genotypes (Solanum lycopersicum L.) were assessed to examine variance, genetic diversity, and heritability. Considerable genetic variability was observed across eleven morphological and agronomic traits. The analysis of variance revealed significant differences for all traits, indicating substantial genetic variation among the genotypes evaluated, particularly with respect to the number of days to first harvest. The highest phenotypic and  genotypic  coefficient  of  variation  were  observed  for total yield (59.90% and 60.22%), fruit yield per plant (58.99%and 59.18%). A significant amount of genetic variation has been demonstrated for most traits, and concurrent PCV estimation shows how the environment influences overall variation. High heritability and high genetic gain were observed for fruit yield per plant, average fruit weight, and total yield. This suggests that additive genetic activity affects all mentioned traits and that simple selection procedures based on phenotypic characteristics of these traits are effective. The elevated heritability estimates recorded for the majority of traits indicate that selection could be effective in enhancing these characteristics. Furthermore, the combination of high heritability and substantial genetic advance for yield-associated traits suggests the predominance of additive gene effects. Consequently, straightforward phenotypic selection based on these traits could be efficiently employed in tomato breeding programmes to improve both yield and quality.
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1. Introduction
Genetic diversity refers to the spectrum of heritable traits present within a species and constitutes a fundamental prerequisite for any effective breeding programme. Such diversity facilitates the identification and selection of superior cultivars along with their advantageous traits. Consequently, the systematic evaluation of tomato germplasm assumes critical importance, not only for the immediate improvement of agronomic performance but also for the long-term enhancement of genetic resources, ensuring sustained crop productivity and resilience in the future (Rasheed et al., 2022; Rasheed et al., 2023). The tomato (Solanum lycopersicum L.) is a self-pollinated, true diploid (2n=2x=24) belongs to the Solanaceae family, was brought to India by the Portuguese and is indigenous to the regions of Peru and Mexico (Rick, 1965). From a commercial perspective, tomato is highly valued due to its short duration, high yield, and profitability, leading to a rapid increase in its cultivation area. It is a significant and popular vegetable cultivated as a high-value crop in greenhouses during the offseason. As the most important warm-season crop, tomatoes can be grown successfully worldwide. FAOSTAT data from 2022 shows that in 2020, the world harvested 186.821 million metric tons of tomatoes from 5,051,983 hectares, with an average yield of 37.1 metric tons per hectare (mT/ha). It is produced in India on 789 thousand hectares, yielding 19,759 thousand metric tons. 

Genetic variability within a population is crucial for the  success  of  any  breeding  program,  as greater  diversity  in  crop  plants  increases  the chances  of  identifying  desirable  traits.  Selection is   most   effective   in   populations   with   high heritability. Understanding how different traits are inherited   helps   determine   the   most   suitablebreeding strategy.  In the absence  of  sufficient genetic  variation,  selection  becomes  ineffective (Pruthvi et al., 2025). An insight into the extent of genetic variation in the crop serves as the foundation for successful selection (Chaudhari et al. 2019) and a chance to enhance the yield and quality through a planned breeding program (Singh et al. 2009). During the selection process, the heritability, genetic advance, and phenotypic genotypic coefficients of variation have important roles. Although heritability aids breeders in selecting the best variety for a trait based on phenotypic performance, it does not reflect the expected genetic advancement in a single selection cycle. Genetic advance indicates the increase in average genotypic values of chosen families compared to the base population, aiding the breeder in selecting the progeny (Kherwa, 2020). The effectiveness of selection is influenced by the heritability of favorable traits as well as the nature and degree of genetic variation. It is impossible to achieve desirable improvements with little variation. As a result, a breeder may need to generate more significant variation via hybridization, mutation, and polyploidy breeding, or they may need to enrich the germplasm.

The cultivated tomato exhibits considerable morphological variation in terms of fruit size, color, shape, quality, and a multitude of other attributes (Miller and Tanksley, 1990). The tomato's numerous methods for adapting to various environments reflect the extensive genetic diversity found in the Solanum genus, which can be utilized in practical breeding initiatives (Srinivasan, 2010). Yield is a complex polygenic trait that arises from the multiplicative interaction of numerous independent factors. Selecting multiple characters is always more successful than just choosing based on yield (Desouza et al., 2012). Breeders need to have enough understanding of the extent and nature of the relationship between yield and its attributing traits. Considering the above factors, the current study was conducted to investigate the genetic variability, heritability, genetic advancement for yield and its related components and to identify high yielding superior genotypes of tomato.

2. MATERIAL AND METHODS
The experiment was conducted at College farm, School of Agricultural Sciences, Malla Reddy University during Rabi, 2023-24. The experimental material consisted of 41 germplasm lines were obtained from NBPGR Table 1. The experiment was conducted using forty-one tomato genotypes arranged in a Randomized Block Design (RBD) with two replications. Within each replication, every germplasm line was cultivated in two rows, each comprising four plants. The genotypes were allotted randomly within each replication with spacing of 90×45cm. The forty-one lines were assessed for various yield and yield-contributing traits. Observations were recorded for eleven quantitative traits, namely: plant height (cm), days to 50% flowering, fruit firmness, number of locules per fruit, pericarp thickness (mm), average fruit weight (g), fruit yield per plant (g), total yield (kg), fruit pH, total soluble solids (%), and days to first harvest. The mean, range, genotypic and phenotypic coefficients of variation, broad-sense heritability, and expected genetic advance were estimated for all the aforementioned traits.
3. RESULTS AND DISCUSSION
Estimates of genetic variation, including the mean, range, genotypic variance (GV), phenotypic variance (PV), genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability (h²), and genetic advance expressed as a percentage of the mean, are presented in Table 3.
According to the analysis of variance all genotypes exhibited noticeably greater variability. Different characters' treatment variances were examined for significance and contrasted with their corresponding error variances (Table 2). It was discovered that genotypes differed considerably for all of the traits assessed except for days to first harvest, demonstrating that there is a great range of variation in the material for each character. The plant height trait showed overall mean value of 90.48 cm and ranged from 70.6 to 126.75 cm.  A range of 60 to 82.5 with a mean value of 66.57 was observed in days to 50% flowering. Days to harvest exhibited a range of 110.5 to 127.5 with a mean value of 119.35. Firmness and Number of locules exhibited a range of 3 to 7 and 2 to 5.5 respectively and mean values of 4.01 and 3.13 respectively. The mean value for the thickness of pericarp was 5.6 and ranged from 3.75 to 7.55. Average fruit weight and Fruit yield per plant demonstrated mean values of 0.29 and 0.85 with a range of 0.0165 to 0.6795 and 0.252 to 2.459 respectively. The Total yield trait showed overall mean value of 3.66 and ranged from 0.916 to 10.0615. Fruit pH and Fruit total soluble solids exhibited a range of 4.5 to 5.65 and 3.7 to 5.65 respectively and mean values of 4.84 and 4.81 respectively. The genotype T41 found to be a promising line for minimum number of days required to 50% flowering and days to first harvest. Whereas, the genotype T2 can be used for improving thickness of pericarp, fruit pH and fruit total soluble solids.  The genotype T23 was found to be promising line for high fruit yield per plant and total yield. 

The phenotypic range was 5.40- 60.22 %, while the genotypic range was 0.77-59.90%. The genotypic and phenotypic coefficients of variability were high for total yield (59.90% and 60.22%), fruit yield per plant (58.99%and 59.18%), average fruit weight (55.71% and 56.15), firmness (35.25% and 36.22%), and number of locules (31.07% and 34.44%). Moderate coefficients of variability both at the genotypic and phenotypic level were observed for thickness of pericarp (18.07% and 19.65%), plant height (14.81% and 15.14%) and fruit total soluble solids (8.43% and 10.93%). Similar works were reported by Islam et al. (2022), Rasheed et al. (2023), Pathak et al. (2024) and Rai et al. (2025). The higher values of genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV) were recorded for the fruit yield per plant, average fruit weight, total yield, firmness and number of locules. The findings showed that environmental impacts on the manifestation of these traits, in addition to hereditary variables, are responsible for the noticeable variation. Moderate coefficients of variability both at the genotypic and phenotypic level were observed for thickness of pericarp, plant height and fruit total soluble salts.  For the majority of the traits, it was demonstrated that there was a significant amount of genetic variation, and concurrent PCV evaluations showed how the environment affected the overall variation.

In the present study, the heritability range for various characters were observed from 2.05% to 99.39%. High heritability was recorded for the characters viz., fruit yield per plant (99.39%), total yield (98.94%), average fruit weight (98.43%), firmness (94.69%), plant height (95.6%), thickness of pericarp (84.60%), and Number of locules (82.4%). Moderate heritability was recorded for the characters i.e., days to 50% flowering (69.18%), fruit total soluble solids (59.52%) and fruit pH (51.13%). Similar works were reported by Khan and Amar (2024), Ashraf et al. (2024), Pathak et al. (2024) and Rai et al. (2025). The range of genetic gain for various characters under study was observed from 0.23% to 122.73%. High genetic gain was observed for number of locules (58.48%), Firmness (70.66%), average fruit weight (113.85%), fruit yield per plant (121.16%) and total yield (122.73%). Moderate genetic gain was reported for plant height (29.84%) and thickness of pericarp (34.24%). Low genetic gain was observed in days to 50% flowering (10.87%), days to first harvest (0.23%) and Fruit pH (6.42%).  Similar works were reported by Srivastav et al. (2022), Rasheed et al. (2023) and Khan and Amar (2024). 
All of these characters had high heritability, which demonstrated the value of selection for crop development because environmental factors have the least impact on these traits. High heritability was recorded for the characters viz., fruit yield per plant, total yield, average fruit weight, firmness, plant height, thickness of pericarp, and Number of locules. The highest and lowest values of genetic advance, expressed as a percentage of the mean, were observed for total yield and days to first harvest, respectively. Traits such as fruit yield per plant, average fruit weight, and total yield exhibited both high heritability and high genetic gain. This suggested that additive gene activity was influencing all of the mentioned traits, and that a simple selection procedure based on these traits' phenotypic performance would be efficient.

4. CONCLUSION
[bookmark: _GoBack]Based on the findings of the present investigation, it can be concluded that substantial genetic variability exists among the tomato genotypes for all the characters studied, indicating good scope for genetic improvement. The genotypes T41, T2, T23, T45, and T46 were identified as promising sources for earliness, yield, and quality-related traits. High GCV and PCV values for yield and its components reflected the combined influence of genetic and environmental factors. The high heritability estimates observed for most traits suggest that selection would be effective in improving these characters. Furthermore, the combination of high heritability and substantial genetic advance for yield-related traits suggests the predominance of additive gene effects. Consequently, straightforward phenotypic selection based on these traits could be effectively employed in tomato breeding programmes to improve both yield and quality.
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Table 2 Analysis of variance (mean sum of square) for quantitative traits in different tomato genotypes
	Characters
	Replication
	Treatments
	Error

	
	DF1
	DF40
	DF40

	Plant height (cm)
	102.19
	434.97**
	100.004

	Days to 50% flowering
	20.5
	43.64**
	7.95

	Days to first harvest
	10.26
	42.40
	40.70

	Firmness
	0.012
	4.11**
	0.112

	Number of locules
	0.30
	2.12**
	0.20

	Thickness of pericarp (mm)
	0.04
	2.23**
	0.18

	Average fruit weight (gm)
	0.0019*
	0.0516**
	0.0004

	Fruit yield per plant (gm)
	0.0003
	0.5002**
	0.0015

	Total yield (kg)
	0.058
	9.658**
	0.0517

	Fruit pH
	0.0001
	0.1318**
	0.0426

	Fruit total soluble solids(%)
	0.1855
	0.4413**
	0.1120



Table 3 Estimation of variability, heritability and genetic advance for eleven characters of tomato
	Characters
	Range
	Mean
	Variability
	Coefficient of variability
	h2
	GA
	GAM

	
	Min
	Max
	
	GV
	PV
	GCV (%)
	PCV (%)
	
	
	

	Plant height (cm)
	70.6 
	126.75
	90.48
	179.59
	187.82
	14.81
	15.14
	95.6
	26.99
	29.84

	Days to 50% flowering
	60  
	82.5
	66.57
	17.84
	25.79
	6.34
	7.62
	69.18
	7.24
	10.87

	Days to first harvest
	110.5  
	127.5
	119.35
	0.85
	41.56
	0.77
	5.40
	2
	0.27
	0.23

	Firmness
	3
	7
	4.01
	2.00
	2.11
	35.25
	36.22
	94.69
	2.83
	70.66

	Number of locules
	2 
	5.5
	3.13
	0.96
	1.17
	31.27
	34.44
	82.4
	1.83
	58.48

	Thickness of pericarp (mm)
	3.75 
	7.55
	5.60
	1.03
	1.21
	18.07
	19.65
	84.6
	1.92
	34.24

	Average fruit weight (gm)
	0.0165
	0.6795
	0.29
	0.03
	0.03
	55.71
	56.15
	98.43
	0.33
	113.85

	Fruit yield per plant (gm)
	0.252 
	2.459
	0.85
	0.25
	0.25
	59.00
	59.18
	99.39
	1.03
	121.16

	Total yield (kg)
	0.916 
	10.0615
	3.66
	4.80
	4.85
	59.90
	60.22
	98.94
	4.49
	122.73

	Fruit PH
	4.5  
	5.65
	4.84
	0.04
	0.09
	4.36
	6.10
	51.13
	0.31
	6.43

	Fruit total soluble solids (%)
	3.7 
	5.65
	4.81
	0.16
	0.28
	8.43
	10.93
	59.52
	0.64
	13.40


                                                      
                  GV-Genotypic variance                                                  h2-Heritability
                  PV-Phenotypic variance                                                 GA-Genetic advance
                 GCV-Genotypic coefficient of variation                         GAM-Genetic advance as % mean
                  PCV-Phenotypic coefficient of variance





