Genetic variability of tomato (Solanum lycopersicum L.) genotypes for growth and yield attributing traits


Abstract:
The study entitled Genetic variability of tomato (Solanum lycopersicum L.) genotypes for growth and yield attributing traits was conducted at PG students research farm, College of Horticulture, Sri Konda Laxman Telangana Horticultural University, Rajendranagar, Hyderabad during Summer, 2024. Randomized Block Design was followed with two replications. The experimental material consisted of twenty-four tomato genotypes. Considerable variability was evident across all traits, indicating their potential for selection in future breeding efforts. PCV was higher than GCV for all the characters under study due to environmental variance. Plant spread showed high phenotypic and genotypic variances (37.16 and 30.55, respectively) coupled with moderate PCV (13.34 %) and GCV (12.10 %). With respect to the trait number of fruits per cluster, high PCV and GCV (20.81 and 20.13 %, respectively) were observed. The estimates of phenotypic and genotypic variances recorded for the trait number of fruit clusters per plant were low (1.83 and 1.66, respectively) with high PCV (20.35) and moderate GCV (19.36) coupled with high heritability (90.53 %), lowest genetic advance (2.52) and highest GA as per cent mean (37.95). The close correspondence between heritability levels and genetic advance underscores the predominant role of additive gene effects, making these traits reliable for effective selection.	Comment by Rajni: No need to mention the values only write the traits that can be directly selected or selected by improvement.
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1. Introduction
Tomato (Solanum lycopersicum) a member of the Solanaceae family with a chromosome number of 2n = 24 (Peralta et al., 2005), originated in the Peru–Ecuador–Bolivia region (Rick, 1969). It is among the world’s most commercially important vegetables, cultivated widely for fresh consumption as well as for the processed food industry, including sauces, pastes, and canned products. Globally, tomato ranks as the second‑largest vegetable crop after potato and sweet potato and is the leading crop in canned vegetable production. In India, it stands as the third most important vegetable crop, following potato and onion, based on area cultivated and total production. Tomato, popularly known as ‘love of apple’ in Europe is one of the most widely cultivated vegetables in kitchen and homestead gardens. It is a preferred crop among plant breeders because it offers particularly good opportunities for genetic and plant‑breeding studies. Tomato is a unique crop because it is consumed in both fresh and processed forms and is also valued for its nutritive properties. It is a rich source of vitamins such as vitamin A and C, as well as minerals including calcium, potassium, and iron (Saleem et al., 2013). The carotenoid lycopene present in tomato acts as a powerful antioxidant, offering various health benefits to humans. Raw tomatoes and processed tomato products are especially good sources of lycopene, which has antioxidant properties that help neutralize singlet oxygen molecules generated by free radicals. Consequently, tomato has become an important raw material for many processing industries. It is often referred to as the “poor man’s apple” because the fruit provides a high concentration of essential nutrients at a relatively low cost (Singh et al., 2004). Being so much important crop with respect to its fresh consumption, usage for value added products and high nutritive value, tomato faces a large and growing demand that is often difficult to meet. It is therefore essential to keep pace with the ever‑increasing demand driven by population growth and to ensure nutritional security by enhancing production and availability of this vegetable. Therefore, there is a need to develop high‑yielding, improved, and stable tomato varieties and hybrids with enhanced yield and quality traits. Hybrid development is one of the most prominent approaches used for tomato improvement. The success of an outstanding hybrid largely depends on the extent of genetic variability in the parent material and on the nature and magnitude of inheritance (Allard, 1960). To estimate the variability present among the genotypes, the phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), heritability, genetic advance, and genetic advance as percent of mean are to be calculated. These parameters together help quantify the amount and nature of genetic variability and guide effective selection for tomato improvement.

2. Material and methods
2.1 Experiment details
The present investigation entitled “Genetic variability of tomato (Solanum lycopersicum L.) genotypes for growth and yield attributing traits” The study was conducted at PG students research farm, College of Horticulture, Sri Konda Laxman Telangana Horticultural University, Rajendranagar, Hyderabad during Summer, 2024. Randomized Block Design was followed with two replications. 	Comment by Rajni: Don’t repeat the title 	Comment by Rajni: Mention plot size , spacing and crop management practices	Comment by Rajni: As the genotypes are less, only two replications may limit the precision of the results
2.2 Experimental material
The experimental material consisted of twenty-four tomato genotypes, of which twenty‑two were exotic collections obtained from the National Bureau of Plant Genetic Resources, Regional Station, Hyderabad. In addition, the cultivar Arka Vikas was collected from the Indian Institute of Horticultural Research, Bengaluru and PKM‑1 from Tamil Nadu Agricultural University, Coimbatore, for use in the experiment. 	Comment by Rajni: Give their accession  number
2.3 Observations recorded
The genotypes were evaluated across eight key parameters, including plant spread, stem girth, leaf area, days to first flowering, number of flowers per cluster, days to last fruit harvest, number of fruits per cluster and number of fruit clusters per plant. Analysis of variance (ANOVA) for the experimental design was performed to partition total variance into components attributable to treatments and replications. Genotypic and phenotypic coefficients of variation were calculated following the method of Burton and Devane (1953), using estimates of genotypic and phenotypic variances. Broad-sense heritability was determined according to the procedure outlined by Hanson et al. (1956), while genetic advance as a percentage of the mean was classified into low, moderate, and high categories as per Johnson et al. (1955).
3. Results and discussion	Comment by Rajni: The discussion part is less. Important results are not summarized trait wise. The comparison with earlier studies are superficial.   
3.1 Analysis of Variance
In this study, analysis of variance was computed for eight traits. The ANOVA indicated highly significant differences among the twenty-four genotypes (Table 1). 
3.2 Growth traits	Comment by Rajni: Conclude and interpret the results with discussion in the end. Like for high heritability with high genetic advance direct selection can be done for these traits. Likewise moderate heritability and moderate GA……
Plant spread showed (Table.2) high phenotypic and genotypic variances (37.16 and 30.55 respectively) coupled with moderate PCV (13.34 %) and GCV (12.10 %). High estimates of heritability (82.20 %), GA as per cent of mean (22.60) and moderate genetic advance (10.32) were observed for this character.  The results for the trait plant spread are in confirmation with the findings of Raut et al. (2021). Stem girth exhibited (Table 2) lowest phenotypic and genotypic variances (0.13 and 0.11 respectively) with highest heritability (84.35) and lowest genetic advance (0.69) and highest GA as per cent mean (41.64). Highest PCV (23.96 %) and GCV (22.01 %) were exhibited for this character. The results are in line with Swain (2022). The observed phenotypic and genotypic variances (Table 2) were high for the character leaf area (299.64 and 276.51 respectively) with high heritability (92.28 %), genetic advance (32.90) and GA as per cent mean was high (44.51). The PCV and GCV were recorded high (23.41% and 22.49%, respectively). The observations are in accordance with the findings of Oladimeji (2025). 
2.3 Yield attributing traits
Lowest phenotypic and genotypic variances (2.11 and 1.62, respectively) and PCV and GCV (5.15 % and 4.51 %, respectively) were exhibited (Table 2) for the character days taken to first flowering. Highest heritability (76.84 %) and lowest genetic advance (2.30), GA as per cent mean (8.15) were recorded. The results are comparable with findings of Maurya et al. (2022). The observed phenotypic and genotypic variances (Table 2) were lowest for number of flowers per cluster (0.79 and 0.76, respectively) with high heritability (96.38 %), GA as per cent mean (35.22) and lowest genetic advance (1.76). The PCV and GCV were recorded moderately (17.74 % and 17.41 %, respectively). The observations are in accordance with the findings of Ullah et al. (2015), Jatav et al. (2016), Kumar et al. (2016), Maurya et al. (2022), Rasheed et al. (2023) and Oladimeji (2025). The character days taken to last fruit harvest was recorded (Table 2) low PCV and GCV (6.32 and 6.21) coupled with high heritability (96.56 %), moderate genetic advance (12.21) and GA as per cent of mean (12.58). Phenotypic and genotypic variances were high (37.72 and 36.42, respectively) for this trait. The results are in line with the findings of Reddy et al. (2014), Meitei et al. (2014), Kumar et al. (2016) and Shankar (2016). With respect to the trait number of fruits per cluster (Table 2) lowest phenotypic and genotypic variances (0.40 and 0.37, respectively) with high heritability (93.59 %), low genetic advance (1.22) and high GA as per cent of mean (40.12) were recorded. High PCV and GCV (20.81 and 20.13 %, respectively) were observed. The results are in accordance with the findings of Ullah et al. (2015), Jatav et al. (2016), Kumar et al. (2016), Maurya et al. (2022), Rasheed et al. (2023) and Oladimeji (2025). The estimates of phenotypic and genotypic variances (Table 2) recorded for the trait number of fruit clusters per plant were low (1.83 and 1.66, respectively) with high PCV (20.35) and moderate GCV (19.36) coupled with high heritability (90.53 %), lowest genetic advance (2.52) and highest GA as per cent mean (37.95). The results are in accordance to the findings of Mehta and Asati (2008), Sivaprasad et al. (2009), Meena and Bahadur (2015), Jatav et al. (2016) and Rasheed et al. (2023).
4. Conclusion
The present study revealed substantial genetic variability across diverse tomato genotypes for various traits, suggesting ample potential for their enhancement through selection and hybridization. The close correspondence between heritability levels and genetic advance underscores the predominant role of additive gene effects, making these traits reliable for effective selection. Additionally, many traits exhibited moderate to high genotypic coefficient of variation (GCV), coupled with moderate to high heritability and genetic advance as a percentage of the mean, indicating strong additive gene action and significant opportunities for genetic improvement through the selection.
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Table 1 Analysis of variance for growth and yield attributing traits of tomato
	SI. No
	Characters
	Mean sum of squares

	
	
	Replication
(df=1)
	Treatments (df=23)
	Error
(df=23)

	1.
	Plant spread (cm)
	16.8033
	67.7186**
	6.6124

	2.
	Stem girth (cm)
	0.0356
	0.2464**
	0.0209

	3.
	Leaf area (cm2)
	58.8525
	576.1564**
	23.1302

	4.
	Days taken to first flowering
	0.75
	3.7355**
	0.4891

	5.
	Number of flowers per cluster
	0.0008
	1.5582**
	0.0286

	6.
	Days taken for last fruit harvest
	1.6875
	74.1440**
	1.2961

	7.
	Number of fruits per cluster
	0.0833
	0.7842**
	0.0259

	8.
	Number of fruit clusters per plant
	0.5633
	3.4989**
	0.1737





** Significance at 1% level, * Significance at 5% level



Table 2 Estimates of mean, range, GCV, PCV, heritability and genetic advance as per cent of mean for yield and quality traits
                    of tomato genotypes
	SI. No
	Characters
	Mean
	Range
	Variance
	GCV
(%)
	PCV
(%)
	h2 bs
(%)
	GA
	GAM (%)

	
	
	
	Min.
	Max.
	Genotypic
	Phenotypic
	
	
	
	
	

	1.
	Plant spread (cm)
	45.67
	34.60
	54.40
	30.55
	37.16
	12.10
	13.34
	82.20
	10.32
	22.60

	2.
	Stem girth (cm)
	1.53
	0.99
	2.29
	0.11
	0.13
	22.01
	23.96
	84.35
	0.63
	41.64

	3.
	Leaf area (cm2)
	73.92
	50.39
	113.18
	276.51
	299.64
	22.49
	23.41
	92.28
	32.90
	44.51

	4.
	Days taken to first flowering
	28.21
	25.50
	30.50
	1.62
	2.11
	4.51
	5.15
	76.84
	2.30
	8.15

	5.
	Number of flowers per cluster
	5.02
	3.30
	6.90
	0.76
	0.79
	17.41
	17.74
	96.38
	1.76
	35.22

	6.
	Days taken for last fruit harvest
	97.06
	84.50
	109.50
	36.42
	37.72
	6.21
	6.32
	96.56
	12.21
	12.58

	7.
	Number of fruits per cluster
	3.06
	2.30
	4.80
	0.37
	0.40
	20.13
	20.81
	93.59
	1.22
	40.12

	8.
	Number of fruit clusters per plant
	6.66
	4.30
	8.60
	1.66
	1.83
	19.36
	20.35
	90.53
	2.52
	37.95


Note:PCV and GCV: Phenotypic and genotypic coefficient of variation, h2: Heritability, Max: Maximum, Min: Minimum
          GAM: Genetic advance as per cent of mean




Fig 1 Genotypic and phenotypic coefficient of variation of growth and yield attributing traits among tomato genotypes	Comment by Rajni: All the figures not mentioned in the text.


Fig 2 Heritability of growth and yield attributing traits among tomato genotypes


Fig 3 Genetic advance as per cent mean (%) of growth and yield attributing traits among tomato genotypes

GCV (%)	
Plant spread	Stem girth	Leaf area	Days taken to first flowering	Number of flowers per cluster	Days taken for last fruit harvest	Number of fruits per cluster	Number of fruit clusters per plant	12.1	22.01	22.49	4.51	17.41	6.21	20.13	19.36	PCV (%)	
Plant spread	Stem girth	Leaf area	Days taken to first flowering	Number of flowers per cluster	Days taken for last fruit harvest	Number of fruits per cluster	Number of fruit clusters per plant	13.34	23.96	23.41	5.15	17.739999999999998	6.32	20.81	20.350000000000001	Characters

Coefficient of variation (%)




Heritability (%)	
Plant spread	Stem girth	Leaf area	Days taken to first flowering	Number of flowers per cluster	Days taken for last fruit harvest	Number of fruits per cluster	Number of fruit clusters per plant	82.2	84.35	92.28	76.84	96.38	96.56	93.59	90.53	Characters

Heritability (%)



Genetic advance as per cent of mean	
Plant spread	Stem girth	Leaf area	Days taken to first flowering	Number of flowers per cluster	Days taken for last fruit harvest	Number of fruits per cluster	Number of fruit clusters per plant	22.6	41.64	44.51	8.15	35.22	12.58	40.119999999999997	37.950000000000003	Characters

Genetic advance as per cent mean (%)


