Studies on genetic variability, heritability and genetic advance in superior recombinant inbred lines of tomato (Solanumlycopersicum L.)

[bookmark: _GoBack]ABSTRACT
The genetic parameters were studied to elucidate the genetic variability, heritability and genetic advance in tomato (Solanumlycopersicum L.). Evaluation of sixteen superior recombinant inbred lines (RILs) and two commercial varieties (Anagha and ArkaVikas) of tomato was done in Randomized Block Design with three replications. High phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) was observed for average fruit weight (g), number of locules per fruit, pericarp thickness (mm), number of fruits per cluster, fruit yield per hectare (t), fruit yield per plant (kg), number of branches per plant at 60 DAT and number of fruits per plant.This indicates the presence of sufficient variability in the superior RILs studied for the above traits and offers good scope for crop improvement by simple selection strategies. High broad sense of heritability was observed for all the traits studied. The high estimates of heritability coupled with high values of genetic advance over mean (GAM) was observed for all characters under study except for days for first flowering, days for 50 per cent flowering, pH and TSS.This indicates predominance of additive component for these traits and hence direct selection would be more effective in improving these traits.
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INTRODUCTION
Tomato (Solanumlycopersicum L.) is the most economically important and widely grown vegetable crop in the world. It belongs to the Solanaceae family with its diploid chromosome number 2n =24 and believed to have its origin in the mountainous regions of the Andes comprising Peru, Ecuador and Chile. It is universally treated as a protective food because of its rich lycopene content- a powerful antioxidant, valued for anti-cancerous property worldwide (Bose et al., 2002) and generally eulogised as poor man’s orange because of its nutritive value and attractive appearance. It is also a treasure of vitamin A, C and minerals. Tomatoes are used directly as raw vegetable in sandwiches and salad. It is regarded as No. 1 processing vegetable in the world. Various processed products viz., paste, puree, syrup, juice, ketchup, sauce, whole peeled tomato, etc. are prepared from tomato. Tomato puree and tomato paste have great export demand.
World-over, tomato cultivation spans over an area of 5.02 million hectare, with a production of 170.75 million tonnes. India is the second largest producer (11.5 %) after China (30.7 %) followed by U.S.A. (8.1 %). In India, an area of 0.81 million hectare is under tomato cultivation with an annual production of 19.67 million tonnes. Average productivity of tomato in India remains low at 24.36 t/ha as against 33.99 t/ha, the world average. Madhya Pradesh, Karnataka, Andhra Pradesh, Telangana, Gujarat, Odisha, West Bengal, Bihar and Maharashtra are the leading states in the production of tomato in India (Anon., 2024).
Presence of genetic variability in a population is of prime importance for success of any breeding program. Greater variability in crop plants provides an opportunity for selecting desirable type. Selection is said to be effective in a population having high heritability. The knowledge of pattern of inheritance of various characters are important consideration while determining the most appropriate breeding procedure. Selection may not be effective in population without genetic variability. Heritability is an index of transmissibility of characters from one generation to other generation for assessing the magnitude of genetic portion of total variability and an aid to mark improvement in a crop by selection for various characters. But heritability alone does not give true picture of genetic improvement to be affected by selection, therefore, crop improvement by various schemes of selection is essential to study the extent of heritability along with genetic advance.

MATERIAL AND METHODS
The experiment has been carried out with eighteen tomato genotypes consisting of sixteen superior recombinant inbred lines and two commercial varieties viz., Anagha and ArkaVikas.The experiment was laid out in Randomized Block Design. Thirty days old healthy, uniform seedlings were transplanted with spacing of 60 x 45 cm. The recommended dose of fertilizers at the rate of 120:80:50 kg NPK per hectare with half dose of nitrogen and full dose of phosphorous and potassium was applied as basal dose. Remaining half dose of nitrogen at the rate of 60 kg per hectare was given as top dress. Depending on the weather condition irrigation was provided as and when required. Plants were provided with staking at 45 days after transplanting. Regular cultural practices and plant protection measures were followed throughout the cropping period. Data was recorded for characters viz., plant height (cm) at 60 and 90 DAT, number of branches per plant at 60 and 90 DAT, days for first flowering, days for 50 per cent flowering, number of flower clusters per plant, number of flowers per cluster, number of fruits per cluster, number of fruits per plant, average fruit weight (g), equatorial fruit diameter (cm), polar fruit diameter (cm), fruit yield per plant (kg), fruit yield per plot (kg), fruit yield per hectare (t), number of locules per fruit, pericarp thickness (mm), TSS (ᵒ Brix) and pH. The data was analyzed as per methods suggested by Panse and Sukhatme (1967) for analysis of variance, Burton and Devane (1953) for variability, Falconer (1981) for heritability (Broad Sense) and Johnson et al. (1955) for genetic advance over per cent of mean.
RESULTS AND DISCUSSION
The analysis of variance revealed highly significant differences among genotypes for all the traitsindicating the presence of considerable variability for the traits under study among the superior RILs of tomato (Table 1).  
The different genetic parameters like range, mean, phenotypic coefficient of variation, genotypic coefficient of variation, heritability, genetic advance and genetic advance over per centof mean are presented in table 2.
	In the present study, phenotypic variance was slightly higher than the genotypic variance for all the studied traits. The PCV ranged from 6.78 % (TSS) to 39.24 % (average fruit weight). Whereas, GCV ranged from 5.40 % (TSS) to 38.85 % (average fruit weight).The GCV and PCV was high for average fruit weight (38.85 % and 39.24 %, respectively), locule numbers per fruit (28.50 % and 30.07 %, respectively), pericarp thickness (26.96 % and 28.28 %, respectively), fruits per cluster (26.73 % and 29.25 %, respectively),fruit yield per hectare (22.44 % and 24.28 %, respectively),fruit yield per plant (22.38 % and 24.11 %, respectively),number of branches per plant at 60 DAT (22.05 % and 23.61 %, respectively) and fruits per plant (21.06 % and 22.49%, respectively). This indicates the existence of broad genetic base, which would be amenable for further selection. These results were found to be in accordance with Golaniet al. (2007) for fruit weight and number of locules per fruit, Sharma and Thakur (2008) for number of fruits per plant and average fruit weight, Shashikanthet al. (2010) for number of branches per plant, number of fruits per plant, fruit yield per plant and number of locules per fruit, Tasisaet al. (2011) for number of fruits per plant, Bucksethet al. (2012) for pericarp thickness, Chernetet al. (2013) for number of fruits per plant, yield per plant and fruit weight and Arunet al. (2016) for number of fruits per cluster, average fruit weight and pericarp thickness.
Moderate coefficients of variation both at genotypic and phenotypic level were observed for equatorial fruit diameter (18.98 % and 19.94 %, respectively), polar fruit diameter (17.04 % and 17.80 %, respectively),plant height at 60 DAT (15.07 % and 16.29 %, respectively), plant height at 90 DAT (11.34 % and 12.64 %, respectively) and days for first flowering (10.84 % and 12.42 %, respectively) which indicates the presence of moderate amount of variation for these traits. Similar results were also obsereved by Prashanth (2003) for days for first flowering, Golaniet al. (2007) and Chernetet al. (2013) for equatorial and polar fruit diameter, Mehta and Asati (2008) for plant height, Manna and Paul (2012) for equatorial fruit diameter and Reddy et al. (2013) for plant height and polar fruit diameter.
‘Low coefficients of variation both at genotypic and phenotypic level were observed for pH (6.61 % and 7.05 %, respectively) and TSS (5.40 % and 6.78 %, respectively). This indicates the lack of sufficient variability in the germplasmstocks, hence, variability has to be generated in these traits either through introduction or hybridizing divergent genotypes to recover transgressivesegregants or by mutation breeding. These results are in line with findings of Mehta and Asati (2008), Manna and Paul (2012) and Dar and Sharma (2011) for TSS and Bernousiet al. (2011) for fruit pH.
Moderate coefficients of variation at genotypic level along with high coefficients of variation at phenotypic level was observed for number of branches per plant at 90 DAT (19.44 % and 21.08 %, respectively), number of flower clusters per plant (19.70 % and 20.66 %, respectively), number of flowers per cluster (19.86 % and 24.72 %, respectively) and fruit yield per plot (19.20 % and 20.67 %, respectively). Low coefficients of variation at genotypic level and moderate coefficients of variation at phenotypic level was observed for days for 50 per cent flowering (9.01 % and 10.88 %, respectively).Similar results were also observed by Chernetet al. (2013) and Reddy et al. (2013) for number of branches per plant, Mishra and Pandey (2018) for number of flowers per cluster and Aralikattiet al. (2018) for number of flower clusters per plant.
Coefficient of variation indicates only the extent of variability present in the genotypes for different traits, but for the prediction of response to selection, heritability estimates are useful. However, heritability in broad sense is not the true indicator of inheritance of traits. Since, only additive component of genetic variance is efficiently transferred from generation to generation. Therefore, heritability in broad sense may mislead in judging the effectiveness of selection for the trait. Considering heritability in broad sense along with genetic advance may reveal the prevalence of specific components (additive or non-additive) of genetic variance and thus, help in judging the effectiveness of selection for the trait more accurately.
High heritability (> 60 %) was observed for all the characters viz., average fruit weight (98.02 %), polar fruit diameter (91.64 %), number of flower clusters per plant (90.90 %), pericarp thickness (90.86 %), equatorial fruit diameter (90.61 %), number of locules per fruit (89.88 %), number of fruits per plant (87.71 %), pH (87.50 %), number of branches per plant at 60 and 90 DAT ( 87.18 % and 85.06 %, respectively), fruit yield per plant (86.27 %), fruit yield per plot (86.27 %), plant height at 60 and 90 DAT (85.62 % and 80.45 %, respectively), fruit yield per hectare (85.40 %), number of fruits per cluster (83.46 %),  days for first flowering (76.11 %), days for 50 per cent flowering (68.49 %), number of flowers per cluster (64.55 %) and TSS (63.63 %).
In the present study, among the 18 characters studied high heritability (>60%) coupled with high genetic advance over per cent mean (>20%) was observed foraverage fruit weight (79.24 %), number of locules per fruit (55.65 %), pericarp thickness (52.93 %), number of fruits per cluster (50.33 %), fruit yield per plant (42.81 %), fruit yield per hectare (42.72 %), number of branches per plant at 60 and 90 DAT (42.41 % and 36.93 %, respectively),number of fruits per plant (40.63 %),number of flower clusters per plant (38.69 %),equatorial fruit diameter (37.21 %),fruit yield per plot (36.73 %),polar fruit diameter (33.61 %), number of flowers per cluster (32.86 %) and plant height at 60 and 90 DAT (28.71 % and 20.96 %, respectively). This indicates that these characters are controlled by additive gene effect and are less influenced by environmental factors. Therefore, these characters can be improved by simple selection. Similar results were also reported by Golaniet al. (2007) for plant height, number of locules per fruit and polar fruit diameter. Araet al. (2009) for plant height, number of branches per plant, number of flowers per cluster, number of fruits per cluster, number of fruits per plant, average fruit weight and fruit yield per plant. Dar et al. (2011) for pericarp thickness, Manna and Paul (2012) for number of locules per fruit, Reddy et al. (2013) for number of flower clusters per plant and Kumar et al. (2013) for fruit diameter.
High heritability coupled with moderate GAM was observed for days for first flowering (19.47 %), days for 50 per cent flowering (15.35 %) and pH (12.77 %). Whereas, low genetic advance as per cent of mean was noticed for TSS (8.87 %).This indicates the prevalence of non-additive components and there can be little response to selection and these characters can be exploited through heterosis breeding.These findings are in agreement with Sherpa et al. (2014) and Khuntiaet al. (2019) for days for first flowering, Bhandariet al. (2017) and Singh and Singh (2019) for days for 50 per cent flowering and Khuntiaet al. (2019) for TSS.
Table 1. Analysis of variance (mean squares) for growth, yield and quality parameters in superior RILs of tomato

	
Sl.
No.
	
CHARACTERS
	
Replication
(Df=2)
	Treatments
(Genotypes)
(Df=17)
	
Error
(Df=34)

	
	
	Mean Sum of Squares

	1
	Plant height at 60 DAT (cm)
	12.28
	303.94**
	16.19

	2
	Plant height at 90 DAT (cm)
	5.03
	271.37**
	20.33

	3
	Number of branches per plant at 60 DAT
	0.48
	6.17**
	0.29

	4
	Number of branches per plant at 90 DAT
	0.38
	7.29**
	0.40

	5
	Days for first flowering
	1.43
	50.96**
	4.83

	6
	Days for 50 per cent flowering
	2.69
	60.91**
	8.10

	7
	Number of flower clusters per plant
	0.04
	6.32**
	0.20

	8
	Number of flowers per cluster
	1.79
	3.72**
	0.58

	9
	Number of fruits per cluster
	0.31
	2.10**
	0.13

	10
	Number of fruits per plant
	5.28
	87.07**
	3.89

	11
	Average fruit weight (g)
	17.33
	1330.49**
	149.69

	12
	Equatorial fruit diameter (cm)
	0.05
	2.22**
	0.07

	13
	Polar fruit diameter (cm)
	0.02
	1.56**
	0.05

	14
	Fruit yield per plant (kg)
	0.03
	0.28**
	0.01

	15
	Fruit yield per plot (kg)
	1.80
	52.11**
	2.62

	16
	Fruit yield per hectare (t)
	13.39
	159.61**
	8.61

	17
	 Number of locules per fruit
	0.06
	2.96**
	0.11

	18
	Pericarp thickness (mm)
	0.07
	3.36**
	0.11

	19
	TSS (ᵒ Brix)
	0.07
	0.30**
	0.05

	20
	pH
	0.01
	0.23**
	0.01



**Significant at 1% level of significance                                                                                                        DAT: Days after transplanting














Table 2. Estimates of genetic parameters in superior RILs of tomato  
	Sl.
No.
	CHARACTERS
	RANGE
	MEAN
	GV
	PV
	GCV (%)
	PCV (%)
	Heritability (%)
	GA
	GAM (%)

	1
	Plant height at 60 DAT (cm)
	46.49 - 93.77
	65.00
	95.91
	112.11
	15.07
	16.29
	85.62
	18.66
	28.71

	2
	Plant height at 90 DAT (cm)
	63.70-106.13
	80.66
	83.68
	104.01
	11.34
	12.64
	80.45
	16.90
	20.96

	3
	Number of branches per plant at 60 DAT
	3.73 - 8.33
	6.35
	1.96
	2.25
	22.05
	23.61
	87.18
	2.69
	42.41

	4
	Number of branches per plant at 90 DAT
	5.13 - 10.20
	7.79
	2.29
	2.70
	19.44
	21.08
	85.06
	2.88
	36.93

	5
	Days for first flowering
	29.87 - 43.07
	36.19
	15.38
	20.20
	10.84
	12.42
	76.11
	7.05
	19.47

	6
	Days for 50 per cent flowering
	39.40 - 53.40
	46.59
	17.60
	25.70
	9.01
	10.88
	68.49
	7.15
	15.35

	7
	Number of flower clusters per plant
	5.13 - 10.40
	7.25
	2.04
	2.24
	19.70
	20.66
	90.90
	2.80
	38.69

	8
	Number of flowers per cluster
	3.47 - 7.67
	5.15
	1.05
	1.62
	19.86
	24.72
	64.55
	1.69
	32.86

	9
	Number of fruits per cluster
	1.80 - 4.87
	3.03
	0.66
	0.79
	26.73
	29.25
	83.46
	1.52
	50.33

	10
	Number of fruits per plant
	16.33 - 35.67
	25.00
	27.73
	31.61
	21.06
	22.49
	87.71
	10.16
	40.63

	11
	Average fruit weight (g)
	23.71 - 90.73
	54.02
	440.53
	449.42
	38.85
	39.24
	98.02
	42.81
	79.24

	12
	Equatorial fruit diameter (cm)
	2.74 - 6.21
	4.45
	0.71
	0.79
	18.98
	19.94
	90.61
	1.66
	37.21

	13
	Polar fruit diameter (cm)
	2.99 - 6.03
	4.17
	0.50
	0.55
	17.04
	17.80
	91.64
	1.40
	33.61

	14
	Fruit yield per plant (kg)
	0.54 - 1.81
	1.33
	0.09
	0.10
	22.38
	24.11
	86.27
	0.57
	42.81

	15
	Fruit yield per plot (kg)
	10.29 - 27.41
	21.16
	16.49
	19.12
	19.20
	20.67
	86.27
	7.77
	36.73

	16
	Fruit yield per hectare (t)
	12.54 - 43.09
	31.62
	50.33
	58.94
	22.44
	24.28
	85.40
	13.51
	42.72

	17
	Number of locules per fruit
	2.00 - 5.44
	3.42
	0.95
	1.06
	28.50
	30.07
	89.88
	1.90
	55.65

	18
	Pericarp thickness (mm)
	2.29 - 5.87
	3.86
	1.08
	1.19
	26.96
	28.28
	90.86
	2.04
	52.93

	19
	TSS (ᵒ Brix)
	4.64 - 5.89
	5.36
	0.08
	0.13
	5.40
	6.78
	63.63
	0.47
	8.87

	20
	pH
	3.65 - 4.53
	4.01
	0.07
	0.08
	6.61
	7.05
	87.50
	0.51
	12.77


GV- Genotypic variance                                 PCV- Phenotypic co-efficient of variation                      DAT- Days after transplanting                                      
PV - Phenotypic variance                               GCV- Genotypic co- efficient of variation                                                                                                    
GA- Genetic advancement                             GAM- Genetic Advance as per cent of Mean           
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