Influence of Growth Regulators and Boron on growth, flowering and yield characters on tomato (Solanum lycopersicum L.)

Abstract
A field experiment was conducted during August 2019 to March 2020 at the Vegetable Seed Farm, Department of Horticulture (Vegetable and Floriculture), Bihar Agricultural University, Sabour, to evaluate the influence of plant growth regulators (PGRs) and boron on growth, flowering, and yield characters of tomato (Solanum lycopersicum L.) cv. Kashi Vishesh. The experiment was laid out in a factorial randomized block design with three replications, comprising three boron levels (0, 0.3%, and 0.4% borax) and ten PGR treatments including NAA, GA₃, and ethephon at different concentrations. Observations were recorded on growth parameters, flowering traits, fruit characteristics, and yield attributes.
[bookmark: _GoBack]Results indicated that both PGRs and boron significantly influenced most of the studied traits. Among PGR treatments, GA₃ @ 75 ppm recorded maximum plant height (81.47 cm), number of branches (10.84), fruits per plant (50.64), and fruit yield per plant (1.58 kg), whereas control treatments showed minimum values. Boron application at 0.3% proved superior, producing maximum plant height (77.08 cm), branches (11.52), fruits per plant (53.7), fruit weight (82.67 g), and yield per plant (1.63 kg). Interaction effects were also significant for several parameters. The combination GA₃ @ 75 ppm × borax @ 0.3% produced the highest plant height (86.85 cm), branches (13.38), fruit length (7.01 cm), and fruit yield per plant (1.85 kg). For fruit weight, NAA @ 75 ppm × borax @ 0.3% recorded the maximum value (85.71 g). However, days to 50% flowering and days to first harvest were largely non-significant under interaction treatments.
Overall, the study demonstrated that foliar application of PGRs, particularly GA₃, along with boron at 0.3%, markedly improves vegetative growth, reproductive performance, and yield of tomato. The synergistic effect of hormonal regulation and micronutrient supplementation enhances physiological efficiency, resulting in better plant vigor and productivity. Hence, the combined application of GA₃ @ 75 ppm and borax @ 0.3% can be recommended as an effective strategy for maximizing growth and yield in tomato cultivation under similar agro-climatic conditions.
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Introduction
Tomato (Solanum lycopersicum L)., is one of the most widely planted and economically significant vegetables worldwide, characterized by its stupendous nutritional profile, versatility, and the fact that it can be eaten fresh or processed. It provides an array of vitamins, minerals, organic acids, and antioxidants like lycopene, which are essential for human well-being. Tomato plants occupy an important position in the list of vegetables across India due to their potential for tolerating a vast range of climates, providing high yield, and generating good economic benefits. However, for the cultivation of tomato plants with optimum growth, flowering, and high fruits, their nutrition and physiological mechanisms must be well regulated (Gupta, and Patel, 2020).
Plant growth regulators (PGRs) are organic chemical substances that are different from nutrients. However, their concentrations are low, and they affect the physiology of plants. PGRs are responsible for key developmental processes such as division, elongation, differentiation, flowering, fruit setting, etc. Exogenous application of PGRs such as auxins (NAA), gibberellins (GA₃), and ethylene-releasing compounds (ethephon) has been established to modify growth patterns. This increases vegetative growth, reduces flower drop, promotes fruit setting, and results in the enlargement of yields. PGRs work to maintain hormone balances in plants and counter stressful weather (Bapu, 2018).
Micronutrients are equally important, and all of them, like boron, play vital roles. Boron is vital for growth and development, and it is critical for cell wall development, transport of carbohydrates, pollen, fertilization, and development of seeds. However, when there is deficient boron, growth is stunted, and vegetative growth, reproductive development, yield, and quality of the produce, including tomato, will be adversely affected (Ullah, et al., 2015). Boron helps boost meristematic and reproductive growth, enhancing vigor. Use of plant growth regulators along with boron may be considered an efficient technique for enhancing growth, flowering, and yield characteristics of tomato crop. Whereas plant growth regulators affect the hormonal and physiological activities within a plant, boron influences metabolic and structural activities, and their combined effect may play a significant role in plant height, branching, flowering behavior, fruit development, and productivity. Hence, it becomes highly significant to study and understand the role played by growth regulators and boron in relation to growth, flowering, and yield characteristics in tomato crop to develop scientifically sound techniques to promote its development, productivity, and quality under various conditions of cultivation (Gupta, et al., 2018). 
Materials and Methods
The current study has been conducted from August 2019 to March 2020 at the Vegetable Seed Farm, Department of Horticulture (Vegetable and Floriculture), Bihar Agricultural University, and situated at Sabour, Bhagalpur, Bihar. The field in which the experiment has been done is leveled and has good drainage. The texture of the soil is sandy loam, and the pH is 7.8. The fertility is good. Irrigation water used for the experiment is tube well water. The location of the experiment is in the Indo-Gangetic plains at 25°15′ N latitude and 80°02′ E longitude. The elevation is 46 mms above the mean sea level. It is situated in a tropical to subtropical region. Summer in this region is hot, winters are cool, and rainfall is moderate. The data on the weather parameters during the crop season has been collected from the university's meteorological observatory.
The experiment was designed using a Factorial Randomized Block Design with three replications. The tomato cultivar used here is Kashi Vishesh, which has the advantage of determinate growth habit, leaf curl resistance, and medium to large-sized fruit with deep red color and weight of approximately 80 grams. The planting distance between each tomato plant is 50 cm on both sides. The plot size is kept at 3.0 × 3.0 m, and within the plot area, 30 plants are maintained. The experimental treatments include three B doses at the following percentages: B0 (0%), B1 (0.3%), B2 (0.4%). The plant growth regulator (PGRs) include ten different concentrations: water spray, 50 ppm, 75 ppm, and 100 ppm NAA; 25 ppm, 50 ppm, and 75 ppm GA3; 100 ppm, 150 ppm, and 200 ppm ethephon. Boron was applied at 30, 50, and 70 days after transplanting, while the application of PGRs was carried out at 35, 55, and 75 days after transplanting.
Seeds treated with fungicide (Agrosan GN @ 2 g/kg seed) were sown in raised nursery beds on 16 September 2019. Thirty-day-old healthy seedlings were transplanted on 10 October 2019. Well-decomposed farmyard manure and recommended fertilizers @ 120:80:60 kg N:P₂O₅:K₂O per hectare were applied. One-third nitrogen and full P and K were applied as basal dose, while remaining nitrogen was top dressed in two equal splits. Standard intercultural operations, irrigation, and plant protection measures were followed. Five plants per plot were randomly tagged for recording observations.
Growth observations included plant height, number of primary branches, days to 50% flowering, and days to first harvest. Fruit characters such as polar diameter, equatorial diameter, and average fruit weight were recorded from randomly selected fruits. Biochemical and seed quality parameters were analyzed using standard laboratory procedures. Data were subjected to the analysis of variance (ANOVA) for randomized block design (factorial) as suggested by Panse and Sukhatme (1967) partitioning the total variance into that due to replications and treatments for all the characters.
Result and Discussion 
Effect of pgrs and boron on plant height (cm) 
The data regarding plant height have been presented in Table 1 and illustrated graphically in Fig 1. A perusal of the data clearly revealed that there is marked variation in the average plant height due to application of different plant growth regulators. All the concentrations of GA3, NAA & ethephon increased the plant height as compared to control (Haque, 2017). 
Effect of PGRs 
The maximum plant height (81.47 cm) was recorded with the application of P6 (GA3 @ 75 ppm) which was at par with P5 (GA3 @ 50 ppm) having the plant height of (79.45 cm). The minimum plant height (66.23 cm) was recorded in the control, (Kushwaha, et al., 2025). 
Effect of Boron 
The maximum plant height (77.08 cm) was found with the application of B1 (borax @ 0.3 %) which proved its superiority over rest of the boron concentration. The minimum plant height (71.84 cm) was recorded with the treatment B2 (borax @ 0.4 %) similar as result reported by (Haleema, et al., 2024). 
Effect of interaction P x B 
The maximum plant height (86.85 cm) was recorded with the application of P6B1 (GA3 @ 75 ppm x Borax @ 0.3 %) which was significantly superior to rest of the treatment combination. The minimum plant height (58.33 cm) was recorded with the plant grown under control B0, closed as result Deb, et al., 2024). 
Effect of pgrs and boron on days to 50 % flowering (days) 
The data regarding days to 50 % flowering (days) is shown in the Table 1 and graphically represented in Figure 2. 
Effect of PGRs 
An analysis of the data revealed a significant influence of spray treatment of the various levels of plant growth regulators on days to 50 % blooming (days). The minimum days to 50 % flowering (90.17 days) was recorded with the control (P0) which was at par with the treatments P1, P7 & P8 taking (92.21), (91.91) and (92.52) days to 50% flowering, 24 respectively. The maximum days to 50 % flowering 98.77 was recorded with the treatment P6 (GA3 @ 75 ppm), closed as Gupta, and Patel, 2020). 
Effect of boron 
The data regarding effect of boron had a significant influence on the days to 50 % flowering. It is noticeable from the data that the days to 50 % flowering was significant, which means any increase or decrease in the level boron has considerable effect on the day to 50 % flowering. However, the minimum days to 50 % flowering 92.34 was recorded with the control B0 which was at par with the treatment B1 (borax @ 0.3 %) taking (92.34 days) to flower. The maximum days to 50 % flowering 95.86 was recorded with the treatment B2 (Borax @ 0.3 %), Ashraf, et al., 2018). 
Effect of interaction P x B 
An analysis of the data revealed a non-significant influence of spray treatment of interaction of both plant growth regulators & boron on days to 50 % flowering (days). Suggesting that any change in the combined treatment of GA3, NAA, & Ethephon and boron levels has no influence on the day to 50 % flowering. However, the minimum days to 50 % flowering 88.13 was recorded with the control P0B0, similar as result Chhaba, et al., 2024). 
Effect of PGRs and boron on number of branches 
The data pertaining to the effect of various levels of PGRs and boron has been depicted in the Table 2 and graphically represented in the Fig 3. 
Effect of PGRs 
The scrutiny of the data revealed that the maximum number of branches 10.84 was recorded with the application of P6 (GA3 @ 75ppm) which was statically similar to P5 (GA3 @ 50 ppm) & P4 (GA3 @ 25 ppm) having number of branches (10.64) and (10.41), respectively. The minimum number of branches 8.35 was recorded in the control (P0), Singh, et al., 2017). 
Effect of boron 
The experimented data on the maximum number of branches was found significant. The maximum number of branches was 11.52 was noted with the application of B1 (borax @ 0.3 %) which was outstanding being significantly superior to other concentration of boron The minimum number of branches 9.06 was recorded with the treatment B2 (borax @ 0.4 %), Ullah, et al., 2015). 
Effect of interaction P x B 
The perusal of the data for the interaction effect of the PGRs and boron was found significant. The maximum number of branches (13.38) was recorded with the application of P6B1 (GA3 @ 75 ppm x Borax @ 0.3 %) which was at par with P5B1 (GA3 @ 50 ppm x 25 borax @ 0.3 %), giving the number of branches (13.09). The minimum number of branches 7.76 was recorded in plants development in the absence of boron and PGRs i.e under control (P0B0), similar as Singh, et al., 2019). 
Effect of PGRs and boron on fruit number of fruit/plant 
The data with respect to effect of PGRs and boron on the number fruits per plant was found significant which is presented in the Table 2 and graphically represented in the Fig 4. 
Effect of PGRs 
The data concerning the number of fruits per plant was found significant. The maximum number of fruits/plant (50.64) was recorded with the application of P6 (GA3 @ 75 ppm) which was at par with P5 (GA3 @ 50 ppm) & P4 (GA3 @ 25 ppm) giving (49.17) and (48.64), respectively. The minimum number of fruits/plant (38.6) was recorded with the control P0 (Bharath Kumar, et al., 2020). 
Effect of boron 
The data regarding the effect of effect of boron on the number of fruits/plant was recorded significant. The maximum number of fruits/plant (53.7) was found with the application of B1 (borax@ 0.3 %) whereas, the minimum number fruits/plants (38.8) was recorded with the treatment (B2) borax @ 0.4 %, (Arunkumar, et al., 2022). Haleema, et al., 2024). 
Effect of interaction P x B 
The data pertaining to the interaction effect of different levels of PGRs and born was found significant. The maximum number of fruits/plant (53.7) was recorded with the application of P6B1 (GA3 @ 75 ppm x Borax @ 0.3 %) which was at par with P5B1 (GA3 @ 50 ppm x borax @ 0.3 %), P4B1 (GA3@ 25 ppm x Borax @ 0.3 %) & P8B1 (Ethaphon @150 ppm x Borax @ 0.3 %) having (57.12), (50.42) and (41.12), respectively. The minimum number of branches (35.3) was recorded in the control (P0B0), Haleema, et al., 2024). 
Effect of PGRs and boron on fruit length (cm) 
The record on the average length of fruit under different treatments of PGRs and boron was found significant which is given in Table 3 and illustrated graphically in Figure 5. 
Effect of PGRs 
A perusal of the data clearly indicated that spray application of plant growth regulators increased the fruit length as compare to control. The Highest fruits length (6.06 cm) was recorded at treatment P5 (GA3 @ 50 ppm) which was significantly superior to the rest of the PGRs. Minimum fruit length (4.17 cm) was recorded under control P0, (Deb, et al., 2024). 
Effect of boron 
Among the different concentrations of boron B1 (Borax @ 0.3 %) produced the highest length of fruit (6.12 cm). In this case, minimum length of fruit (4.67 cm) was recorded under the control B0. 
Effect of interaction P x B 
A close examination of the data transpired that interaction effect of PGRs and boron had a significant effect on the fruit length, suggesting that any change in GA3, NAA, or Ethephon & boron levels has influence on the fruit length. The maximum fruit length (7.01cm) was recorded with the application of P6B1 (GA3 @ 75 ppm x Borax @ 0.3 %) which was significantly superior to the other treatment combinations whereas, the minimum fruit length (4.08 cm) was recorded in the control (P0B0). Under this observation it can be concluded that (GA3 @ 75 ppm x Borax @ 0.3%) was responsible for increasing the maximum fruit length (Haider, et al., 2024). 
Effect of PGRs and boron on fruit weight (g) 
The data pertaining to average fruit weight are presented in Table 3 and have been shown graphically in Figure 6. 
A perusal of the mean Table revealed that there was an appreciable variation in the average fruit weight under different treatment. Increased fruit weight has been observed due to plant spray with NAA, GA3, Ethaphon & Borax as compared to control (Ullah, et al., 2015). 
Effect of PGRs 
A critical scrutiny of the data clearly reveals a marked variation in the average fruit weight. The maximum weight of fruit (81.69 g) was recorded with the application of P5 (GA3 @ 50ppm) which was at par with P6 (GA3 @ 75 ppm), P4 (GA3 @ 25 ppm) & P2 (NAA@ 75 ppm) having the fruit weight of (79.97 g), (79.85 g) and (79.44 g) respectively. The minimum weight of fruit (71.94 g) was recorded in the control B0, Bapu, 2018).
Effect of boron 
It is evident from the data that the fruit weight (g) increased significantly with the application of Borax. Highest fruit weight (82.67 g) was recorded with the application of B1 (Boron @ 0.3 %), whereas the minimum average fruit weight (75.04 g) was recorded under control B0. 
Effect of interaction P x B 
It was further indicated that the interaction effect of the PGRs and boron had a significant effect on the fruit weight. The maximum weight of fruit (85.71 g) was recorded with the application of P2B1 (NAA @ 75 ppm x Borax @ 0.3 %) which was at par with the 27 treatments P5B1 (GA3 @ 50 ppm x Borax @ 0.3 %), giving fruit weight of (84.53 g) followed by P9B1 (Ethaphone@ 200 ppm x Borax @0.3%), P8B1 (Ethaphone @ 150 ppm x Borax @ 0.3 %) & P1B1 (NAA@ 50 ppm x Borax @ 0.3 %) having fruit weight of (84.47 g), (83.86 g) and (83.46 g), respectively, whereas the minimum fruit weight (70.41) was recorded in the control (P0B0), Meena, et al., 2015). 
Effect of PGRs and boron on fruit yield per plant (kg) 
The data presented in Table 4 and depicted graphically in the Figure 7 regarding fruit yield per plant, furnish some interesting information about the differential response of the various treatments. 
A close examination of the data transpired that the spray application of plant growth regulators under test was found effective in obtaining more yield per plant. The analysis of variance revealed that the treatments differed significantly for fruit yield per plant (Arunkumar, et al., 2022, and Haleema, et al., 2024).   
Effect of PGRs 
The maximum fruit yield per plant (1.58 kg) was recorded from P6 (GA3 at 75 ppm), which showed statistical parity with P2 & P3 (NAA @ 75 & 100 ppm respectively) and P4 &P5 (GA3 @ 25 & 50 ppm respectively) producing fruit yield per plant of (1.54 kg), (1.54 kg), (1.53 kg) and (1.53 kg), respectively, while the minimum fruit yield per plant (1.33 kg) was recorded under control B0 (Meena, et al., 2015 and Haleema et al., 2024). 
Effect of boron 
From the data it can be clearly understood that the maximum fruit yield per plant (1.63 kg) was observed with the application of treatment B1 (Borax @ 0.3 %) which was significantly superior to other treatments whereas the minimum fruit yield per plant (1.40 kg) was found with the control B0, (Haider, et al., 2024 and Ullah, et al., 2015).
Effect of interaction P x B 
It is clear from the data that the interaction effect of PGRs and boron had a significant effect on the fruit yield per plant. The maximum fruit yield per plant (1.85 kg) was recorded with the application of the treatment P6B1 (GA3 @ 75 ppm x Borax @ 0.3 %) which was at par with the treatment P5B1 (GA3 @ 50 ppm x Borax @ 0.3, giving fruit yield of (1.76 kg/plant) whereas the minimum fruit yield per plant (1.25 kg) was recorded in the control (P0B0), Arunkumar, et al., 2022, and Haider, et al., 2024).   
Effect of PGRs and boron on days to 1st harvest 
The Table 5 represents some interesting facts on the effect of PGRs and boron on the days to 1st harvest which is graphically illustrated in the Fig 8. 
Effect of PGRs 
The analysis of variance represents the non- significant influence of the individual effect of PGRs however, the minimum days to the 1st harvest was found to be (114 days) with P2 (NAA @ 75 ppm) whereas the maximum days to the 1st harvest was (117.81 days) observed in the control P0, Haleema, et al., 2024). 
Effect of Boron 
Further investigation of the data reveals the individual effect of the boron was found non-significant, however the minimum days taken to the 1st harvest was (113.95 days) was observed with the application of Borax @ 0.3 % (B1) (Bapu, 2018) 
Effect of interaction P x B 
The data pertaining to the minimum days to first harvest was found to non-significant however, the minimum days to the 1st harvest was (111.19 days) with the application of the treatment P5B1 (GA3 @ 50 ppm x Boron @ 0.3 %) whereas the maximum days to the 1st harvest was observed to be (118.98 days) in P8B2 (Ethephon @150 ppm x Boron @ 0.4 %). Which means any level of PGRs and boron has little or no positive influence on the days to 1st harvest, Gupta, and Patel, et al., 2020). 























Table 1: Effect of different levels of PGRs and micronutrient on Plant height and number of days to 50% flowering in tomato


	Plant height (cm)
	Days to 50% flowering (days)

	Treatment
	Boron @
0% (B0)
	Boron @
0.3% (B1)
	Boron @
0.4% (B2)
	Mean
	Boron @
0% (B0)
	Boron @
0.3% (B1)
	Boron @
0.4% (B2)
	Mean

	Control (P0)
	58.34
	71.20
	69.18
	66.24
	88.13
	91.70
	90.68
	90.17

	NAA @ 50 ppm
(P1)
	70.10
	74.12
	69.08
	71.10
	90.94
	92.16
	93.54
	92.21

	NAA @ 75 ppm
(P2)
	
70.75
	
79.58
	
73.35
	
74.56
	
92.38
	
94.23
	
95.65
	
94.09

	NAA @ 100 ppm
(P3)
	71.64
	75.80
	67.35
	71.60
	94.60
	96.76
	98.82
	96.73

	GA3 @ 25 ppm (P4)
	74.28
	80.26
	75.90
	76.81
	93.88
	95.64
	96.70
	95.41

	GA3 @ 50 ppm (P5)
	78.66
	82.84
	76.85
	79.45
	94.68
	96.86
	97.78
	96.44

	GA3 @ 75 ppm (P6)
	80.70
	86.85
	76.87
	81.47
	96.98
	98.90
	100.27
	98.72

	Ethephon @ 100
ppm (P7)
	75.62
	76.10
	70.38
	74.03
	88.98
	92.76
	94.00
	91.91

	Ethaphon @ 150
ppm (P8)
	72.55
	74.00
	67.30
	71.28
	90.25
	92.85
	94.46
	92.52

	Ethaphon @ 200
ppm (P9)
	69.64
	70.08
	68.54
	69.42
	92.58
	94.70
	96.76
	94.68

	MEAN
	72.23
	77.08
	71.48
	
	92.34
	94.66
	95.87
	

	
	P
	B
	P x B
	
	P
	B
	P x B
	

	CD
	3.31
	1.81
	5.73
	
	4.47
	2.45
	NS
	

	CV
	4.76
	5.03








Effect of different levels of PGRs and micronutrient on Plant height in tomato
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Figure 1: Effect of different levels of PGRs and micronutrient on Plant height in tomato
Effect of different levels of PGRs and micronutrient on number of days to 50% flowering in tomato
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Figure 2: Effect of different levels of PGRs and micronutrient on number of days to 50% flowering in tomato





Table 2: Effect of different levels of PGRs and micronutrient on number of branches per plant and number of fruits per plant in tomato
	Number of branches per plant
	Number of fruits per plant

	Treatment
	Boron @
0% (B0)
	Boron @
0.3% (B1)
	Boron @
0.4% (B2)
	Mean
	Boron @
0% (B0)
	Boron @
0.3% (B1)
	Boron @
0.4% (B2)
	Mean

	Control (P0)
	7.76
	10.14
	7.15
	8.35
	35.26
	40.61
	39.95
	38.61

	NAA @ 50 ppm
(P1)
	8.88
	10.74
	8.98
	9.53
	36.86
	53.57
	48.87
	46.43

	NAA @ 75 ppm
(P2)
	8.85
	11.56
	9.24
	9.88
	37.33
	55.21
	49.37
	47.30

	NAA @ 100 ppm
(P3)
	
9.38
	
10.86
	
9.04
	
9.76
	
38.84
	
54.32
	
49.37
	
47.51

	GA3 @ 25 ppm (P4)
	9.41
	12.35
	9.48
	10.41
	39.19
	56.32
	50.42
	48.64

	GA3 @ 50 ppm (P5)
	9.18
	13.09
	9.64
	10.64
	39.67
	57.12
	50.71
	49.17

	GA3 @ 75 ppm (P6)
	9.27
	13.38
	9.88
	10.84
	40.96
	59.83
	51.14
	50.64

	Ethephon @ 100
ppm (P7)
	9.76
	10.32
	8.82
	9.63
	39.37
	51.76
	38.89
	43.34

	Ethaphon @ 150
ppm (P8)
	9.62
	11.88
	9.46
	10.32
	40.96
	55.85
	41.12
	45.98

	Ethaphon @ 200
ppm (P9)
	9.73
	10.94
	8.95
	9.87
	39.13
	52.14
	47.92
	46.40

	MEAN
	9.18
	11.53
	9.06
	
	38.76
	53.67
	46.78
	

	
	P
	B
	P x B
	
	P
	B
	P x B
	

	CD
	0.61
	0.34
	1.06
	
	2.38
	1.30
	4.12
	

	CV
	6.57
	5.43








Effect of different levels of PGRs and micronutrient on number of branches per plant in tomato
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Figure 3: Effect of different levels of PGRs and micronutrient on number of branches per plant in tomatoEffect of different levels of PGRs and micronutrient on number of fruits per plant in tomato
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Figure 4: Effect of different levels of PGRs and micronutrient number of fruits per plant in tomato





Table 3: Effect of different levels of PGRs and micronutrient on fruit length and fruit weight in tomato
	Fruit length
	Fruit weight

	Treatment
	Boron @
0% (B0)
	Boron @
0.3% (B1)
	Boron @
0.4% (B2)
	Mean
	Boron @
0% (B0)
	Boron @
0.3% (B1)
	Boron @
0.4% (B2)
	Mean

	Control (P0)
	4.08
	4.32
	4.12
	4.17
	70.41
	72.86
	72.56
	71.94

	NAA @ 50 ppm
(P1)
	4.66
	6.18
	5.21
	5.35
	73.18
	83.46
	76.06
	77.57

	NAA @ 75 ppm (P2)
	
4.79
	
6.32
	
5.64
	
5.58
	
75.73
	
85.71
	
76.89
	
79.44

	NAA @ 100 ppm
(P3)
	4.70
	6.16
	5.48
	5.45
	76.14
	81.65
	73.18
	76.99

	GA3 @ 25 ppm (P4)
	5.04
	6.38
	5.76
	5.73
	76.82
	81.38
	81.36
	79.85

	GA3 @ 50 ppm (P5)
	5.17
	7.01
	6.02
	6.07
	77.82
	84.52
	82.73
	81.69

	GA3 @ 75 ppm (P6)
	5.11
	6.45
	5.85
	5.80
	77.29
	80.71
	81.92
	79.97

	Ethephon @ 100
ppm (P7)
	4.06
	6.12
	3.98
	4.72
	72.48
	82.10
	70.68
	75.09

	Ethaphon @ 150
ppm (P8)
	4.53
	6.08
	5.21
	5.27
	73.62
	83.86
	76.58
	78.02

	Ethaphon @ 200
ppm (P9)
	4.64
	6.18
	5.35
	5.39
	76.91
	84.47
	72.59
	77.99

	MEAN
	4.68
	6.12
	5.26
	
	75.04
	82.07
	76.46
	

	
	P
	B
	P x B
	
	P
	B
	P x B
	

	CD
	0.26
	0.14
	0.44
	
	3.20
	1.75
	5.54
	

	CV
	5.06
	4.36








Effect of different levels of PGRs and micronutrient on fruit length in tomato
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Figure 5: Effect of different levels of PGRs and micronutrient on fruit length in tomatoEffect of different levels of PGRs and micronutrient fruit weight in tomato
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Figure 6: Effect of different levels of PGRs and micronutrient on number of fruit weight in tomato





Table 4: Effect of different levels of PGRs and micronutrient on fruit yield per plant (kg) and fruit yield per plot (kg) in tomato
	Fruit yield per plant (kg)

	Treatment
	Boron @
0% (B0)
	Boron @
0.3% (B1)
	Boron @
0.4% (B2)
	Mean

	Control (P0)
	1.25
	1.39
	1.35
	1.33

	NAA @ 50 ppm
(P1)
	1.45
	1.61
	1.49
	1.52

	NAA @ 75 ppm
(P2)
	1.50
	1.64
	1.49
	1.54

	NAA @ 100 ppm
(P3)
	
1.40
	
1.64
	
1.58
	
1.54

	GA3 @ 25 ppm (P4)
	1.49
	1.68
	1.43
	1.53

	GA3 @ 50 ppm (P5)
	1.37
	1.76
	1.47
	1.53

	GA3 @ 75 ppm (P6)
	1.43
	1.85
	1.46
	1.58

	Ethephon @ 100
ppm (P7)
	1.48
	1.62
	1.39
	1.50

	Ethaphon @ 150
ppm (P8)
	1.33
	1.53
	1.37
	1.41

	Ethaphon @ 200
ppm (P9)
	1.26
	1.53
	1.36
	1.38

	MEAN
	1.40
	1.63
	1.44
	

	
	P
	B
	P x B
	

	CD
	0.071
	0.039
	0.122
	

	CV
	5.04
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Figure 7: Effect of different levels of PGRs and micronutrient on Fruit yield per plant in tomato






Table 5: Effect of different levels of PGRs and micronutrient on fruit yield per ha (kg) and days to 1st harvest in tomato
	Days to 1st harvest

	Treatment
	Boron @
0% (B0)
	Boron @
0.3% (B1)
	Boron @
0.4% (B2)
	Mean

	Control (P0)
	117.33
	118.39
	117.71
	117.81

	NAA @ 50 ppm
(P1)
	117.40
	115.82
	116.91
	116.71

	NAA @ 75 ppm (P2)
	
116.64
	
110.63
	
115.89
	
114.39

	NAA @ 100 ppm
(P3)
	117.29
	113.47
	117.86
	116.21

	GA3 @ 25 ppm (P4)
	115.53
	112.61
	117.28
	115.14

	GA3 @ 50 ppm (P5)
	118.05
	111.19
	115.98
	115.07

	GA3 @ 75 ppm (P6)
	117.67
	113.72
	118.22
	116.54

	Ethephon @ 100
ppm (P7)
	117.20
	114.95
	117.90
	116.68

	Ethaphon @ 150
ppm (P8)
	116.11
	114.22
	118.98
	116.44

	Ethaphon @ 200
ppm (P9)
	115.96
	114.54
	118.65
	116.38

	MEAN
	116.92
	113.95
	117.54
	

	
	P
	B
	P x B
	

	CD
	5.59 NS
	NS
	NS
	

	CV
	5.10
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Figure 8: Effect of different levels of PGRs and micronutrient on Days to 1st harvest in tomato



Conclusion
The present investigation clearly demonstrated that plant growth regulators and boron exert significant influence on growth, flowering, and yield attributes of tomato. Among the different plant growth regulators evaluated, GA₃ treatments, particularly GA₃ @ 75 ppm, proved most effective in enhancing vegetative growth parameters such as plant height, number of branches, fruit number, and overall yield per plant. Similarly, boron application at 0.3% consistently produced superior results compared to control and higher concentration (0.4%), indicating that optimum rather than excessive micronutrient supply is essential for achieving desirable plant performance.
The interaction effects of PGRs and boron further revealed that their combined application produces synergistic responses in tomato plants. The treatment combination GA₃ @ 75 ppm × borax @ 0.3% resulted in maximum plant height, branching, fruit length, and fruit yield per plant, while NAA @ 75 ppm × borax @ 0.3% recorded the highest fruit weight. These findings highlight that hormonal regulation and micronutrient nutrition together enhance physiological efficiency, reproductive development, and assimilate partitioning, ultimately leading to improved productivity.
However, flowering time and days to first harvest were largely unaffected by combined treatments, indicating that these parameters may be more strongly governed by genetic and environmental factors than by foliar application of growth regulators and boron. Overall, the results suggest that judicious use of PGRs along with optimum boron supplementation can be adopted as an effective agronomic strategy to enhance growth and yield performance of tomato under similar agro-climatic conditions. The study thus provides practical insights for improving tomato productivity through integrated use of plant growth regulators and micronutrients.
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