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ABSTRACT
The present investigation was carried out with objectives to evaluate different varieties of tomato for growth, yield and quality and to work out economics of the treatments. The experimental material consisted 08 different tomato varieties viz. Shree, VNR-3357, VNR -3348, VNR-3171, Vani, Aruna, Devi and Uma. The experiment was conducted at Research farm of School of Agriculture Science, Technology & Research, Sardar Patel University, Balaghat (M. P.). The sowing of experimental material was done on 1st week of July 2023 with Randomized Block Design (RBD) and replicated three times. The data were recorded on five randomly selected plants from each Variety for 12 characters. The data on all the characters were subjected to statistical analysis using statistical software. The overall results obtained from this present investigation clearly revealed that the variety T3- (VNR-3171) showed the better performance for growth parameters, plant height (cm) at 30, 60 and 90 DAT, number of branches per plant. Earliness parameters such as days to first 1st flowering, days to 50% flowering, number of flower per plant and yield attributes (number of fruit per plant, average fruit weight (g), fruit yield per plant (kg/plant), fruit  yield per plant (kg/plant), fruit  yield per plot (kg/plot), fruit  yield per ha. (t /ha.) and quality attributes such as TSS (0Brix). Whereas variety T3 (VNR-3171) recorded the maximum monetary advantage with the benefit cost ratio of 4.2.	Comment by HP: Please mention the results in brackets of T3 for better clarification, also mention the findings of second best and lowest treatments. If not for all parameters, then atleast for the main parameters related to yield	Comment by HP: Either first or 1st, both are not needed
Keyword: - Tomato, Varietal Performance, Fruit, Yield and Quality.


INTRODUCTION	Comment by HP: Please don’t use review of literature as we do in theisi writing. Please add references related to the study.
Tomato (Solanum lycopersicum L.) stands as a prominent vegetable crop cultivated across various regions globally, holding significant economic value in numerous countries. Classified within the Solanaceae family, it bears a chromosome count of 2n=24. Renowned for its nutritional richness, it serves as a prime source of carotenoids, vitamin C, and pro-vitamin A, boasting a robust antioxidant profile comprising lycopene, ascorbic acid, phenolics, flavonoids, and vitamin E (Sen et al., 2018). Tomatoes are indispensable in countless culinary creations, as many dishes rely heavily on their presence. Their extensive nutritional and therapeutic benefits, as highlighted by (Dorais et al., 2008), have earned them the status of protective food, cherished for their valuable contribution to health and well-being. (Waheed et al., 2020).Ripe tomato fruits find versatile application in culinary endeavors, including salads, ketchup, sauces, paste, and purees, as noted by (Ugonna et al.,2015). Conversely, the utilization of unripe fruits in pickling underscores their inherent value. The tomato stands out as a remarkable crop, sought after for its wide array of high-demand value-added products. However, its cultivation is susceptible to numerous biotic and abiotic factors, resulting in challenges such as poor growth and yield loss, as highlighted by (Pugalendhi et al., 2019).The tomato traces its origins to the South American Andes. Initially introduced to Europe by the Spanish conquistadors during the sixteenth century, it later spread from Europe to southern and eastern Asia, Africa, and the Middle East.
In India, tomato cultivation is widespread, with several states making substantial contributions to the country's overall output. Apart from Andhra Pradesh, states such as Karnataka, Maharashtra, Madhya Pradesh, Uttar Pradesh, Chhattisgarh, Gujarat, and Telangana are recognized for their significant tomato cultivation. The production of Vegetables is estimated to be 204.61 Million Tonne, compared to. 200.45 Million Tonne in 2020-21.  Tomato production is expected to be 20.34 Million Tonne, compared to 21.18 Million Tonne in 2020-21. (Pib.gov. 2021-2022).Tomato production in India covered an area of 8.40 lakh hectares and yielded a production of 203.31 lakh metric tones. They reported that among the tomato cultivars remarkably good fruit yield of 60.70 t ha-1 and 41.9 t ha-1 during 1994-95 and 1995-96, respectively. Sandhu et al., (1999) studied the effect of staking on the performance of tomato cultivars and reported that staking had no significant effect on yield. Differences among the cultivars, however, were significant. The highest fruit yield (537.75q ha1 ) was obtained by cultivar Rashmi. Hassan et al., (2000) evaluated twenty-one tomato cultivars and lines as potential parents’ hybrids in 1995. Line VFNT produced the highest early and total yield. C.V Oxheart produced the heaviest fruits (215.5 g). In 1996 the highest significant marketable yield was produced by hybrids Moneymaker x Castlerock and by hybrids Moneymaker x Giza 80 in 1997. Muthuvel et al., (2000) studied the performance of different tomato genotypes and reported that the genotypes LE 1253, LE 1258, LE 1259 and LE 1265 were superior with respect to yield attributing characters at high temperature conditions. Moya et al., (2000) assessed the performance of 41 tomato genotypes. Amalia and Mariela were notable since they maintained high yield and produced large fruits as did B-2-1 and A-31 lines. Chaudhuri et al., (2000) evaluated tomato variety Pusa Ruby and 6 hybrids for yield andresistance to insect and pest and revealed that considering overall performance with regard to relative tolerance to insect pest and yield, Arjuna (84.34 t ha-1) is recommended. Jaha and Krishi (2001) conducted experiment to evaluate the performance of 4 hybrids cultivars of tomato (Abinash-2, Rashmi, Vaishali and Naveen) grown in polyethylene shades under two different planting methods (direct sowing and transplanting). Under direct sowing, Naveen gave the highest number of fruits per plant (61.77), the highest fresh fruit yield per plant (4.30 kg), the earliest fruit maturity (80.33 days after sowing or DAS) and the longest harvesting period (163.00 DAS). Vaishali recorded the earliest flowering (41 DAS) and the highest individual fruit weight (95.70 g). Under the transplanting method Naveen recorded the earliest flowering (49.33 DAS), the highest fresh fruit yield per plant (4.33 kg) and the highest harvesting period (165.33 DAS). Abinash recorded highest number of fruits per plant (69.07), Vaishali recorded the earliest fruit maturity (84.00 DAS) and Rashmi recorded the highest individual fruit weight (101.70 g). Rida et al., (2002) evaluated thirteen open pollinated cultivars and three hybrids of tomato and reported that marketable yield ranged from 76.07 t ha-1 (Rio grande) to 37.07 t ha-1 (Money maker).
MATERIALAND METHODS
The experiment was laid out in Randomized Block Design (RBD) with 8 varieties and three replications. For this purpose, 24 plots were made in Horticulture Research Farm, School of Agriculture Science, Technology and Research, Sardar Patel University, Balaghat (481331) of M.P during late winter season. The present investigation was done to understand the performance of different varieties of tomato under Balaghat climatic conditions. Balaghat District is located the south-eastern portion of the Satpura Range and the upper valley of the Wainganga River. The district extends from 21°19’ to 22°24’ north latitude and 79°31’ to 81°30’ east longitude. The varieties used for evaluation comprised of Shree, VNR-3357, VNR -3348, VNR-3171, Vani, Aruna, Devi and Uma. Using a metre scale, the height of five randomly chosen grafted plants from each plot was measured in centimeters at 30 60 and 90 DAT (days after transplanting) starting from the ground and ending at the tip of the shoot. Every replication's average plant height was noted and then statistically examined. At maturity, the number of branches on randomly chosen plants from each plot was counted. Each replication's average number of branches per plant was noted and then statistically examined. The number of days taken from sowing to days to first male flower appearance in experimental plots was observed as days to 50% flowering. The data were recorded, averaged and analysed for all replications. Days to 50 % flowering was noted in terms of days taken from the day of transplanting to 50% flowering appearance in each plot. The observation was taken on whole plot basis and the average of all the replications was calculated. The total number of flowers that formed on each plant was counted and recorded as the number of clusters per plant for each treatment and replication. Subsequently, the recorded data was subjected to analysis. The number of fruit that developed from the flowers on each plant was counted and recorded as the number of fruits per plant for each treatment and replication. Subsequently, the recorded data was subjected to analysis. Five randomly harvested fruits from each individual plant were weighed, categorized by treatment and replication. This process was repeated for randomly selected five plants, and data were recorded accordingly.
The harvested fruits from individually randomly selected and tagged plants were collectively weighed, and the average weight was calculated to determine the fruit yield per plant, categorized by treatment and replication. Subsequently, this data was subjected to analysis the fruits from all plants in each plot were combined, weighed, and averaged to determine the fruit yield per plot, categorized by treatment and replication. Subsequently, this data was subjected to analysis. The yield was calculated by weighing the total fruit yield per plot, and readings for all the harvests per plot were recorded. The percentage of total soluble solids of the fruit was determined with the help of Portable Hand Refractometer. The sample of juice for this purpose was taken from the strained juice. The observed value of TSS was recorded from the scale of the instrument (0-32 range).The statistical analysis was conducted using Fisher and Yates (1963).

RESULTS AND DISCUSSION
A) Growth Parameters 
1. Plant height 
The significant difference in the plant height was recorded due to performance of different tomato hybrid. During the year, maximum plant height at 30 DAT (30.06cm) was recorded from T3 variety (VNR-3171) followed by T2 (VNR -3348) i.e. 28.49 cm, while the minimum plant height at 30 DAT (22.09cm) was recorded from T0 variety Shree. The maximum plant height at 60 DAT i.e. 89.08 cm were noted by the performance of T3- (VNR-3171) closely followed byT2- (VNR-3348 i.e. 87.53 cm and T1–VNR-3357 i.e. 84.34 cm, respectively) and this improvement was significantly highest then rest of the treatment. However, minimum values i.e. 39.08 cm were in variety T0 (Shree). The maximum plant height at 90 DAT i.e. 109.17 cm were noted by the performance of T3- (VNR-3171) closely followed by T2- (VNR-3348)i.e. 100.67 cm and T1 – (VNR3357) i.e. 98.78 cm during 2023-24 respectively and this improvement was significantly highest then rest of the treatment. However, minimum values i.e. 80.12 cm were in variety (Shree) (Table 1 & Fig 1). Plant height is usually a good index of plant vigour, which may contribute towards greater productivity. It might be due to nature of plant growth (i.e. indeterminate and Semi determinate) and genotypic variation. In determinate types of plants are taller as compared to semi determinate and determinate. Variation in height is attributed due to inherent genetic difference of the hybrids similar findings were reported by Kumar et al., (2017), Benti et al., (2017), Gamechu and Bayane (2019)  in tomato.
2. Number of branches per plant:
The maximum number of branches per plant i.e. 6.04 was noted by the performance of T3- (VNR-3171) closely followed by T1 – (VNR3357) i.e. 5.98 and T2- (VNR-3348) i.e. 5.72 and this improvement was significantly highest then rest of the treatment. However, minimum values i.e. 4.11 were in T7 variety Uma (Table 1 & Fig 2). Number of branches decides the production of leaves which in turn decides the efficiency of photosynthesis and number of flowers per plant which may contribute towards better yield. Similar findings were reported by Sharma et al., (2015), Kumar et al., (2017), Singh et al., (2019) and Sindu et al., (2019) in tomato.
3. Days to 1st and 50% flowering:
The minimum days to 1st flowering i.e. 30.66 days were noted by the performance of T3- (VNR-3171) closely followed by T1 – (VNR 3357) i.e. 32.48 days and T2- (VNR-3348) 34.58 days respectively and this improvement were significantly highest then rest of the treatment. However, maximum values i.e. 40.79 were in variety T0 (Shree). Earliness could be due to higher capacity of plants to make the assimilates available to the apex during the sensitive phase before flower initiation. Similar findings were reported by Dhayani et al., (2017) Raghamei et al., (2018) and Singh et al., (2019) in tomato. 
The minimum days to 50% flowering i.e. 35.56 days  were noted by the performance of T3- (VNR-3171) closely followed by T2- (VNR-3348)  i.e. 40.98  days and T1 – (VNR3357) i.e. 37.48 days  respectively and this improvement was significantly highest then rest of the treatment. However, maximum values i.e. 46.89 days were in variety T0 (Shree) (Table 1 & Fig 2). Earliness could be due to higher capacity of plants to make the assimilates available to the apex during the sensitive phase before flower initiation. Similar findings were reported by Dhayani et al., (2017) Raghamei et al., (2018) and Singh et al., (2019) in tomato.
4. Maximum number of flowers per plant:
The maximum number of flowers per plant i.e. 57.26 were noted by the performance of T3- (VNR-3171) closely followed by T2- (VNR-3348) i.e. 53.28 days and T1 – (VNR3357) i.e. 51.23 respectively and this improvement was significantly highest then rest of the treatment. However, maximum values i.e. 40.89 were seen in variety T0 (Shree) (Table 1 & Fig 2). Higher number of flower clusters per plant may lead to greater number of fruits per plant under favourable conditions. This is in confirmation with the studies conducted by several research workers viz .Dhayani et al., (2017) Raghamei et al., (2018) and Singh et al., (2019) in tomato 
5. The maximum number of fruits per plant:
The maximum number of fruit per plant i.e. 46.12 were noted by the performance of T3- (VNR-3171) closely followed by T2- (VNR-3348) i.e. 43.48 and T1 – (VNR3357) i.e. 42.32 respectively and this improvement was significantly highest the rest of the treatment. However, maximum values i.e. 25.49 were seen in variety T0 (Shree) (Table 1 & Fig 2).Variation in the number of fruit per plant was due to the genetic make-up of the hybrids as all the hybrids tested were given almost similar type of cultural atmospheric and edaphic environments. The results of present study were in accordance with those reported by Singh et al., (2019), Sindhu et al., (2019), Tujuba et al., (2019) and Gumusta et al., (2023) in tomato.
6. Average fruit weight:
The maximum average fruit weight (g) i.e. 70.42 gm. was noted by the performance of T3- (VNR-3171) closely followed by T2- (VNR-3348) i.e. 63.21 gm and T1 – (VNR3357) i.e. 59.09 gm. respectively and this improvement was significantly highest then rest of the treatment. However, maximum values i.e. 41.09 gm. were seen in variety T0 (Shree) tomato (Table 1 & Fig 2). Generally, fruit weight is inversely associated with number of fruits per plant although both of these traits are principal yield attributing traits. The fruit weight which is a function of fruit size (fruit length and girth) is a subject of consumers or market choice. Variability in average fruit weight was reported by several research workers viz., Sindhu et al., (2019), Singh et al., (2019), Tujuba et al., (2019) and Gumusta et al., (2023) in tomato. 
7. Fruit yield per plant (kg/plant):
The maximum fruit yield per plant (kg/Plant) i.e. 3.29 kg/plant were noted by the performance of T3- (VNR-3171) closely followed by T2- (VNR-3348) i.e. 3.20 kg/plant and T1 – (VNR3357) i.e. 3.14 kg/plant respectively and this improvement was significantly highest then rest of the treatment. However, maximum values i.e. 1.61 kg/plant were seen in variety T0 (Shree) (Table 1 & Fig 3).The fruit yield is supposed to be the ultimate economic trait in tomato as well as in other fruit vegetables. Fruit yield per plant is an accurate assessment of potentiality of a particular hybrid at individual plant level. The data on fruit yield per ha. (t/ha.) Exhibited a wide variability among the hybrids evaluated. Maximum fruit yield per plant of tomato hybrids was due to higher fruit set and higher retention of matured fruits per plant. Similar findings were observed by the Parmer et al., (2018), Sindhu et al., (2019), Singh et al., (2019), Tujuba et al., (2019)  and Gumusta et al.,(2023)  in tomato.
8. Fruit yield (t/ha):
The maximum fruit yield (t /ha.) i.e. 49.21 t/ha. Were noted by the performance of T3- (VNR-3171) closely followed by T2- (VNR-3348) i.e. 47.99 t/ha. and T1 – (VNR3357) i.e. 46.47 t/ha. Respectively and this improvement was significantly highest then rest of the treatment. However, maximum values i.e. 30.67 t/ha were seen in variety T0 (Shree) tomato. The fruit yield is supposed to be the ultimate economic trait in tomato as well as in other fruit vegetables (Table 1 & Fig 2). Fruit yield per plant is an accurate assessment of potentiality of a particular hybrid at individual plant level. The data on fruit yield per ha. (t /ha.) Exhibited a wide variability among the hybrids evaluated. Maximum fruit yield per plant of tomato hybrids was due to higher fruit set and higher retention of matured fruits per plant. Similar findings were observed by the Parmer et al., (2018), Sindhu et al., (2019), Singh et al., (2019), Tujuba et al., (2019) and Gumusta et al., (2023)  in tomato.
9. TSS [°Brix]:
The maximum TSS [°Brix] i.e. (6.29 0Brix) were noted by the performance of T3- (VNR-3171) closely followed by T2- (VNR-3348) i.e. (5.200Brix) and T1 – (VNR3357) i.e. (4.76 0Brix) respectively and this improvement was significantly highest then rest of the treatment. However, maximum values i.e. (2.830Brix) were seen in variety T0 (Shree) tomato (Table 1 & Fig 3). Similar findings were observed by the Sharma et al., (2015), Singh et al., (2019) and Sindhu et al., (2019) in tomato. 
10. Economic Parameter:
Maximum gross returns were recorded in treatment T3 (VNR-3171) with (Rs 4922100 ha-1) followed by T1– (VNR3357) having Rs 479900 ha-1 and the minimum (Rs 306700ha-1) was recorded in variety T0 (Shree) tomato. Maximum net returns were recorded in treatment T3 (VNR-3171) with (Rs 923206 ha-1) followed by T2  (VNR-3348) having Rs 898806 ha-1 and the minimum (Rs 592406ha-1) was recorded in variety T0 (Shree) check tomato  variety . Highest benefit cost ratio was recorded in treatment T3 (VNR-3171) with 4.24 followed by T1– (VNR3357) having 4.14 and the minimum (2.64) was recorded in variety T0 (Shree) check tomato variety (Table 1 & Fig 3). Similar findings were reported by JARC (2015) and Jindal et al., (2015) in tomato.
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Table 1: Performance of different varieties of tomato for various yield and quality traits
	Variety Symbols
	Variety details
	Plant height (cm)
	No of branches per plant
	Days to 1st flowering
	Days to 50% Flowering 
	Number of flower per Plants

	Number of fruit per plant

	Average fruit weight

	Fruit yield per plant (kg/Plant)

	Fruit yield per ha. (t/ha.) 

	TSS [°Brix]  

	Economic Parameter
B:C

	
	At 30 DAT
	At 60 DAT
	At 90 DAT
	

	T0
	Shree
	22.09
	39.08
	80.12
	4.32
	40.79
	46.89
	40.89
	25.49
	41.09
	1.61
	32.67
	2.83
	2.64

	T1
	VNR-3357
	27.34
	84.34
	100.67
	5.98
	32.48
	37.48
	51.23
	43.23
	59.09
	3.14
	43.18
	4.87
	4.14

	T2
	VNR -3348
	28.49
	87.53
	98.78
	5.72
	34.58
	40.98
	53.28
	43.48
	63.21
	3.20
	47.99
	5.20
	3.62

	T3
	VNR-3171
	30.06
	89.08
	109.17
	6.04
	30.66

	35.56
	57.26
	46.12
	70.42
	3.29
	49.21
	6.29
	4.24

	T4
	Vani
	25.34
	72.48
	95.34
	5.34
	38.29
	44.57
	50.39
	41.29
	52.02
	2.37
	46.47
	4.35
	4.01

	T5
	Aruna
	24.58
	75.27
	98.12
	5.12
	34.33
	44.23
	52.13
	42.37
	47.99
	2.21
	42.03
	4.36
	3.72

	T6
	Devi
	26.23
	78.98
	97.12
	5.29
	38.19
	45.12
	51.40
	42.48
	56.14
	2.55
	37.60
	4.76
	3.24

	T7
	Uma
	28.45
	81.23
	100.12
	4.11
	37.30
	44.38
	52.49
	42.32
	50.38
	2.87
	35.18
	3.83
	3.03

	
	CD 0.05
	0.174
	1.09
	0.958
	0.144
	0.65
	0.606
	0.964
	0.59
	1.73
	0.10
	0.86
	0.24
	

	
	SE.m (±)
	0.385
	0.385
	0.339
	0.051
	0.22
	0.214
	0.341
	0.20
	0.58
	0.03
	0.29
	0.08
	



Fig 1: Performance of different varieties of tomato for plant height at 30, 60 & 90 DAT



Fig 2: Performance of different varieties of tomato for various yield and quality traits
















	Fig 3: Performance of different varieties of tomato on TSS and B:C ratio




Plant height (cm) At 30 DAT	Shree	VNR-3357	VNR -3348	VNR-3171	Vani	Aruna	Devi	Uma	T0	T1	T2	T3	T4	T5	T6	T7	22.09	27.34	28.49	30.06	25.34	24.58	26.23	28.45	Plant height (cm) At 60 DAT	Shree	VNR-3357	VNR -3348	VNR-3171	Vani	Aruna	Devi	Uma	T0	T1	T2	T3	T4	T5	T6	T7	39.08	84.34	87.53	89.08	72.48	75.27	78.98	81.23	Plant height (cm) At 90 DAT	Shree	VNR-3357	VNR -3348	VNR-3171	Vani	Aruna	Devi	Uma	T0	T1	T2	T3	T4	T5	T6	T7	80.11999999999999	100.66999999999999	98.78	109.16999999999999	95.34	98.11999999999999	97.11999999999999	100.11999999999999	No of branches per plant	Shree	VNR-3357	VNR -3348	VNR-3171	Vani	Aruna	Devi	Uma	T0	T1	T2	T3	T4	T5	T6	T7	4.3199999999999985	5.98	5.72	6.04	5.34	5.1199999999999966	5.29	4.1099999999999985	Days to 1st flowering	Shree	VNR-3357	VNR -3348	VNR-3171	Vani	Aruna	Devi	Uma	T0	T1	T2	T3	T4	T5	T6	T7	40.790000000000013	32.480000000000004	34.58	30.66	38.290000000000013	34.33	38.190000000000012	37.300000000000004	Days to 50% Flowering 	Shree	VNR-3357	VNR -3348	VNR-3171	Vani	Aruna	Devi	Uma	T0	T1	T2	T3	T4	T5	T6	T7	46.89	37.480000000000004	40.98	35.56	44.57	44.230000000000011	45.120000000000012	44.379999999999995	Number of flower per Plants	Shree	VNR-3357	VNR -3348	VNR-3171	Vani	Aruna	Devi	Uma	T0	T1	T2	T3	T4	T5	T6	T7	40.89	51.230000000000011	53.28	57.260000000000012	50.39	52.13	51.4	52.49	Number of fruit per plant	Shree	VNR-3357	VNR -3348	VNR-3171	Vani	Aruna	Devi	Uma	T0	T1	T2	T3	T4	T5	T6	T7	25.49	43.230000000000011	43.48	46.120000000000012	41.290000000000013	42.37	42.48	42.32	Average fruit weight	Shree	VNR-3357	VNR -3348	VNR-3171	Vani	Aruna	Devi	Uma	T0	T1	T2	T3	T4	T5	T6	T7	41.09	59.09	63.21	70.42	52.02	47.99	56.14	50.379999999999995	Fruit yield per ha. (t/ha.) 	Shree	VNR-3357	VNR -3348	VNR-3171	Vani	Aruna	Devi	Uma	T0	T1	T2	T3	T4	T5	T6	T7	32.67	43.18	47.99	49.21	46.47	42.03	37.6	35.18	Fruit yield per plant (kg/Plant)	Shree	VNR-3357	VNR -3348	VNR-3171	Vani	Aruna	Devi	Uma	T0	T1	T2	T3	T4	T5	T6	T7	1.61	3.14	3.2	3.29	2.3699999999999997	2.21	2.5499999999999998	2.8699999999999997	TSS [°Brix]  	Shree	VNR-3357	VNR -3348	VNR-3171	Vani	Aruna	Devi	Uma	T0	T1	T2	T3	T4	T5	T6	T7	2.8299999999999987	4.87	5.2	6.29	4.3499999999999996	4.3599999999999985	4.76	3.8299999999999987	Economic Parameter B:C	Shree	VNR-3357	VNR -3348	VNR-3171	Vani	Aruna	Devi	Uma	T0	T1	T2	T3	T4	T5	T6	T7	2.64	4.1399999999999997	3.62	4.24	4.01	3.72	3.24	3.03	
