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VARIABILITY STUDIES IN DIVERSE GENOTYPE OF TOMATO
(Solanumlycopersicum L.) UNDER VARANASI CONDITIONS

ABSTRACT

The Current Study Assessed About 14 Tomato Genotypes For 15 Yield-
Contributing Features At The Vegetable Farm Of The Department Of
Horticulture, Institute Of Agricultural Sciences, BHU, Varanasi, During The
Rabi Season Of 2019-2020. With Three Replications, The Experiment Was Set
Up Using a RandemisedRandomized Block Design. The Variance Analysis of
The Tomato Genotypes Revealed That There Were Substantial Differences
Among All the Genotypes Considered. All Characteristics Have-hadVery High
Heritability Values, According to The Heritability Research|. High Genetic Gain

Was Also Seen for Traits Including Plant Height, Average Fruit Weight, Fruit
Production Per Plant, And Fruit Output Per Hectare. All The Traits Evaluated
Showed High Genetic Increase, Apart from Days To 50% Blooming. Apart
From Few Characteristics, Such as Days To 50% Blooming and Quantity Of
Fruits Per Plant, Which Had Low And Medium Values, Most Of The Characters
Showed High PCV And GCV.
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1. INTRODUCTION

The Solanumlycopersicum L., commonly known as tomato, is a significant member of the Solanaceae family, also known

as the Nightshade family. It is an important vegetable crop on consumption and production basis and holds a position
second to potato in its importance. Tomatoes are a rich source of various health-promoting compounds and can be
conveniently incorporated into a well-balanced diet [1]. Tomatoes are a widely consumed fruit that are not only consumed
fresh, but also utilized in various processed products such as soups, juices, and sauces [2,3]. In recent years, there has
been a growing recognition among consumers regarding the potential health benefits of various foods, and their ability to
prevent the onset of chronic diseases and dysfunctions [4]. This trend has been observed over the past decade and has
led to an increased interest in the role of food as a means of promoting overall health and well-being. The nutritional
significance of tomatoes can be attributed to their diverse range of health-promoting compounds, such as vitamins,
carotenoids, and phenolic compounds. This has been extensively documented in various studies [3, 5, 6]. Bioactive
compounds exhibit a diverse array of physiological properties such as anti-inflammatory, anti-allergenic, antimicrobial,
vasodilatory, antithrombotic, cardio-protective, and antioxidant effects [5]. The consumption of tomatoes is known to
provide a significant amount of carotenoids, particularly lycopene, to the human diet [7]. Tomatoes are a significant source
of carotenoids and polyphenolic compounds, which are known to enhance their nutritional value and functional properties,
as well as sensory attributes such as taste, aroma, and texture. The presence of antioxidants in tomatoes, specifically
Vitamins C and E, has been reported in previous studies [8, 9]. Additionally, tomatoes contain significant quantities of
various metabolites, including sucrose, hexoses, citrate, malate, and ascorbic acid [3].

The development of superior varieties/hybrids for various agro-ecological conditions with specific end use is imperative.
The success and pace of conventional breeding is largely dependent on the presence of the desired genetic variability for
the target traits [10]. The utilization of genetic resources is crucial in the development of new plant gene combinations and
the selection of crop varieties that are better suited to the varying requirements of agricultural systems [11]. The
significance of genetic variability was initially recognized by Russian scientist, who argued that a broad spectrum of
variability offers greater potential for identifying a desirable genotype [12]. The efficacy of selection is contingent upon
several factors, including the type and magnitude of genetic variation present, the degree to which desirable traits are
heritable, and the anticipated genetic advancement for a given trait within a given population [13]. The assessment of
variability and heritability in the gene pool of a crop species is a crucial step for a plant breeder to initiate an effective plant
breeding program. This insight provides valuable information regarding the magnitude and extent of desirable traits
present in the gene pool. Therefore, it is imperative for a plant breeder to conduct a thorough analysis of these factors
before commencing a plant breeding program. The present study aimed to investigate the genetic variability, heritability,
and genetic gain of various horticultural traits among different genotypes of tomato in Varanasi region.

2. MATERIAL AND METHODS

The present investigation was carried out with 14 diverse genotypes of tomato at the B.H.U., Varanasi-221005, Uttar
Pradesh during Rabi season of 2019-2020. Randomized block design (RBD) was used as an experimental design with 14
treatments and three replications. The genotypes evaluated in this study were CTS-04-01, KS-229, VR-20, VTG-88, ATL-
02-03, KS-227, DVRT-2, CO-3, Pant-T-7, Pant-T-8, VRFTS-5, DT-2, VRFTS-2, and CTS-05-03. The spacing was
maintained at 60cm X 60 cm in a plot of 3m X 3m size. Standard cultural practices were adopted involving repeated
ploughing to obtain good tilth of soil followed by adequate fertilization and irrigation in adequate quantities at the right
time. The study utilized specific methods for statistical analysis of the mean data [14] and calculation of heritability,
genetic advance, and genetic gain [15, 16].

3. RESULTS AND DISCUSSION

The present study evaluated several genotypes for their yield potential per hectare. The results indicate that VR-20
exhibited the highest yield among the tested genotypes, with a value of 595.11 g/ha. DVRT-2 and Pant-T-7 followed with
yields of 539.27 g/ha and 530.35 g/ha, respectively. CTS-04-01 exhibited the lowest yield per hectare, with a value of
225.31 g/ha followed by DT-2 demonstrated a higher yield of 347.58 g/ha_(Table ???). The present study investigated the
trend obf/ veg‘;etative biomass in relation to yield. The results indicate that vegetative biomass exhibited a similar trend to
that of yield,

The study revealed that the highest degree of variation was observed in fruit yield per plant, ranging from 834.48 to
2204.11g. This was followed by fruit yield per hectare, which ranged from 225.31 to 595.11 g/ha. Plant height also
exhibited significant variation, ranging from 45.26 to 118.07 cm. Lastly, the average fruit weight displayed a range of 31.60
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to 91.86 g_(Table ??). The characters which exhibited high variation are considered suitable by breeders as it provides
with sufficient variability that can be utilised in a breeding programme).

The present study aimed to determine the genotypic coefficient of variation (GCV) for various morphological and yield-
related traits in a population of plants. The results revealed that several traits exhibited a high GCV, indicating significant
genetic variability among the individuals(Table ??).. Specifically, the number of branches per plant (21.81), plant height
(27.28), fruit length (34.96), fruit width (30.59), pericarp thickness (21.93), number of locules per fruit (21.66), average fruit
weight (22.39), total soluble solids (30.51), vegetative biomass (23.88), fruit biomass (23.63), total biomass (21.14) and
fruit yield (20.25) were found to have a high GCV. These findings suggest that these traits may be under strong genetic
control and could be targeted for improvement through selective breeding or other genetic manipulation techniques.
Further research is needed to explore the underlying genetic mechanisms responsible for the observed variability and to
develop strategies for enhancing these traits in the population.

The genotypic coefficient of variation (GCV) for two important traits, namely number of fruits per plant and days to 50%
flowering(Table ??).. The GCV values were estimated to be 13.03 and 7.07 for number of fruits per plant and days to 50%
flowering, respectively. The observed GCV for number of fruits per plant indicates moderate genetic variability among the
studied genotypes, while the low GCV for days to 50% flowering suggests limited genetic variability for this trait. These
findings provide valuable insights into the genetic potential of the studied genotypes for these traits, which can be utilised
in future breeding programmes aimed at improving crop productivity and yield.

The phenotypic coefficient of variation (PCV) in various plant traits of interest. The results indicated that PCV was high in
several characters, including the number of branches per plant (7.88), plant height (27.33), fruit length (35.45), fruit width
(31.90), pericarp thickness (22.05), number of locules per fruit (21.73), average fruit weight (22.48), total soluble solids
(31.42), vegetative biomass (24.24), fruit biomass (23.66), total biomass (21.21), fruit yield per plant (20.77), and fruit yield
per hectare (20.77). These findings suggest that these traits are highly variable and may be influenced by both genetic
and environmental factors. The results revealed that the PCV for the number of fruits per plant was moderate (13.49),
indicating a considerable degree of variation in this trait among the individuals. On the other hand, the PCV for days to
50% flowering was found to be low (7.88), suggesting a relatively low level of variation in this trait. The higher value of
PCV as compared to GCV indicates that the expression of characters are influenced by environmental factors, however

The heritability values of various traits were determined in this study. The results showed that the heritability value for
days to 50% flowering was 80.35%, while the heritability value for plant height was approximately 99.60%. These findings
suggest that plant height is highly heritable, while days to 50% flowering is moderately heritable(Table ??).. The results
indicate that all characters exhibited high heritability, suggesting that they are minimally influenced by environmental

The present study reports the genetic advance as a percentage of mean for various traits in the studied population. The
values obtained for this parameter ranged from 13.05% for days to 50% flowering to 71.01% for fruit length, indicating a
medium to high degree of genetic variability in the population. The genetic gain for plant height, average fruit weight, and
fruit yield were 56.09%, 45.92%, and 40.68%, respectively. The results of the study indicate that there were low estimates
of genetic advance observed for all the remaining characters),

Table 1. Analysis of Variance for 15 characters of 14 genotypes of tomato

No. No
qf f F.ru Frui Peric Total No. Aver . Total Fruit F.”“t
Charact Plant R Days fruit it t arp solubl of age Veget Fruit plant yield yield
er/ D height ary to 50% s len  wid thick e locul fruit ative biom biom er per
f 9 bran  floweri gth th - es - bioma ass p hectar
Source (cm) ches ng per em (cm ness solids per weig oo kg)  (ka) ass plant e
o
bor plan 557 T e CBri (@) k) @ (gma)
plant
Repicat "3 as1 o003 350 142 %0 %0 000 003 000 067 000 000 000 827115 60296
Treatme 1 1352.71* 4.76* . 417 68 50 " . 132 5384 .. 058 090* 351516. 25625.
3 Y Ooo2eme Tl ol e 008 480 T 009 , i Pyvraliton
2 0.0 0.1
Error 6 1.80 0.09 1.69 0.99 6 4 0.00 0.09 0.00 1.56 0.00 0.00 0.00 5999.51 437.36
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Table 2. Mean performance for 15 characters of 14 genotypes of tomato

S. Varie Pla Num Days Num Fru Fr Peric Tota Num Aver Veget Fruit Total Frui Fruit
No ties nt ber to ber it uit arp | ber age ative biom plant t yield
hei of 50% of len wi thick solu of fruit bioma ass biom yiel per
ght prim flowe fruit gth dth ness ble locu weig Ss (kg) ass d hectare
(cm ary ring 5 (cm (c (cm)  soli les ht (kg) (kg) per (a/ha)
) bran per ) m) ds per (9) plan
ches plan (Bri  fruit t(9)
per t X)
plant
1 CTS- 118 446 3733 264 34 50 044 446 248 316 0.59 0.94 154 834, 22531
04- .07 0 6 1 0 48
01
2 KS- 45. 553 3400 215 37 33 052 526 294 66.2 0.80 177 258 142  384.85
229 26 3 7 B 0 5.38
3 VR- 64. 7.46 3633 295 38 33 065 153 382 74.6 0.68 241 309 220 595.11
20 19 3 3 9 6 411
4 VTIG- 68. 346 3700 288 19 20 039 460 291 536 0.98 194 293 154  417.69
88 36 6 2 2 0 7.02
5 ATL- 87. 633 3300 302 27 34 041 346 242 614 0.75 237 313 185 500.87
02- 30 0 3 5 0 5.10
03
6 KS- 77. 726 3400 323 39 57 049 553 261 584 0.61 198 259 189 510.89
227 75 6 4 7 6 2.19
7 DVR 51. 6.60 36.66 217 58 43 055 253 357 918 1.09 219 328 199 539.27
T-2 62 3 2 2 6 7.30
8 C0-3 87. 6.60 41.00 293 39 33 059 320 413 544 0.51 153 204 159 43111
96 3 8 9 0 6.71
9 PAN 96. 550 3466 354 38 30 045 446 247 553 0.84 236 320 196 530.35
T-T-7 02 6 9 0 6 4.28
10 PAN 50. 4.46 3766 273 58 36 055 533 425 61.6 0.89 199 288 168  454.46
T-T- 65 3 9 2 0 3.19
8
11  VRF 75. 553 3900 294 68 48 075 246 225 547 0.56 1.66 223 161  434.75
TS-5 69 0 7 7 3 0.18
12 DT-2 72. 426 4066 254 7.0 38 050 453 324 505 0.65 113 1.78 128  347.58
09 6 2 4 3 7.36
13 VRF 106 526 3866 282 40 68 035 553 252 654 0.80 201 281 184  498.06
TS-2 .68 0 3 9 0 4.70
14 CTS- 87. 734 4166 302 32 55 039 453 329 566 0.53 174 227 171  462.70
05- 14 6 0 1 3 3.72
03
Gran 77. 5.72 372 282 43 41 050 410 3.06 597 0.73 186 259 167 452.36
d 77 9 1 7 4 5.41
Mea
n
SEM 0.7 0.17 075 057 01 02 0.006 017 0.03 0.72 0.01 0.01 0.02 447 12.07
* 7 4 1 1
C.D. 22 051 218 167 04 06 001 051 0.08 209 0.05 0.03 0.07 129. 35.09
5% 5 2 3 99
C.D. 3.0 0.69 295 225 05 08 002 070 011 283 0.06 0.04 0.10 175. 47.44
1% 4 7 5 73

Table 3. Range, grand mean, phenotypic and genotypic coefficient of variation (PCV and GCV),
heritability (h?), genetic advance (GA) and genetic advance as per cent of mean for 15

characters of 14 genotypes of tomato.

Character Range Grand PCV GCV  Heritability Genetic GA as %
mean (%) advanc  of mean
e (%)
Plant height 45.26-118.07 77.77 27.33 27.28 99.60 43.62 56.09
(cm)
Number of 3.46-7.46 5.72 22.46 21.81 94.27 2.49 43.63
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primary
branches per

plant

Days to 50% 33-41.66 37.26 7.88 7.07 80.35 4.86 13.05
flowering

Number of 21.53-35.46 28.29 1349 13.03 93.20 7.33 25.91
fruits per plant

Fruit length 1.92-7.02 4.31 35.45  34.96 97.24 3.06 71.01
(cm)

Fruit width 2.02-6.89 4.17 31.90 30.59 91.96 2.52 60.44
(cm)

Pericarp 0.35-0.75 0.50 22.05 21.93 98.90 0.22 44.94
thickness (cm)

Total soluble 1.53-5.53 4.10 3142 3051 94.25 2.50 61.01
solids (°Brix)

Number of 2.25-4.25 3.06 21.73 21.66 99.39 1.36 44.49
locules per

fruit

Average fruit 31.60-91.86 59.74 22.48  22.39 99.14 27.43 45.92
weight (g)

Vegetative 0.51-1.09 0.73 24.24 23.88 97.03 0.35 48.45
biomass (kg)

Fruit 0.94-2.41 1.86 23.66  23.63 99.79 0.90 48.63
biomass(kg)

Total plant 1.54-3.28 2.59 2121 21.14 D9.35 1.12 43.41
biomass (kg)

Fruit yield per ~ 834.48-2204.11 1675.4 20.77  20.25 95.05 681.57 40.68
plant (g) 1

Fruit yield per 225.31-595.11 452.36  20.77  20.25 95.05 184.02 40.68

hectare (g/ha)

High heritability coupled with high GCV and genetic gain was observed for plant height, average fruit weight and fruit
yield. This might be due to additive gene action conditioning and in such cases, amelioration can be done by simple
methods. High heritability, high genetic advance along with high GCV and PCV were reported for characters such as fruit
weight and plant height [17]. Average fruit weight in tomato noted high heritability with high GCV and genetic gain [18]. If
additive gene action is responsible for heritability, then high genetic gain would occur, or low genetic gain will occur due to
non-additive gene action. High values of heritability, GCV and genetic gain indicate additive gene effects and thus

characters showing them provide ample scope for efficient selection and reproduce greater selection values [19]. Similar

observations on tomatoes were also reported by other researchers in their respective studies [20, 21 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35].1

4. CONCLUSION

The results of the study suggest that both CTS-04-01 and VR-20 genotypes exhibit promising potential for high fruit yield.
The outcomes of the GCV (genotypic coefficient of variation) and PCV (phenotypic coefficient of variation) analyses have
provided clear indications that all the characters, with the exception of days to 50% flowering and number of fruits per
plant, which exhibited low and medium values, respectively, are viable options for inclusion in yield enhancement
programs. The heritability of various characters in a population revealed that all characters exhibited high heritability,

suggesting that the phenotypic expression of these characters can be relied upon for breeding programs. Furthermore,

he environmental effect was found to be negligible, further supporting the use of these characters in breeding programs.
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