Influence of Growth Regulators and Boron on growth, flowering and yield characters on tomato (Solanum lycopersicum L.)
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A field experiment was conducted from August 2019 to March 2020 at the Vegetable Seed Farm, Department of Horticulture (Vegetable and Floriculture), Bihar Agricultural University, Sabour, to assess the effects of plant growth regulators (PGRs) and boron on growth, flowering, and yield traits of tomato cv. Kashi Vishesh. The study was arranged in a factorial randomized block design with three replications, including three boron levels (0, 0.3%, and 0.4% borax) and ten PGR treatments consisting of different concentrations of NAA, GA₃, and ethephon. Observations were recorded for growth parameters, flowering characteristics, fruit traits, and yield attributes.
The results showed that both PGRs and boron significantly influenced most of the measured parameters. Among PGR treatments, GA₃ at 75 ppm produced the highest plant height (81.47 cm), number of branches (10.84), fruits per plant (50.64), and yield per plant (1.58 kg), while control plants recorded the lowest values. Boron application at 0.3% was found most effective, resulting in maximum plant height (77.08 cm), branches (11.52), fruits per plant (53.70), fruit weight (82.67 g), and yield per plant (1.63 kg). Significant interaction effects were observed for several traits. The combination of GA₃ at 75 ppm with borax at 0.3% gave the highest plant height (86.85 cm), branches (13.38), fruit length (7.01 cm), and yield per plant (1.85 kg). For fruit weight, the treatment NAA at 75 ppm combined with borax at 0.3% recorded the highest value (85.71 g). However, interaction effects were generally non-significant for days to 50% flowering and days to first harvest.
Overall, the study indicates that foliar application of PGRs, particularly GA₃, along with boron at 0.3%, significantly enhances vegetative growth, reproductive performance, and yield of tomato. The combined effect of hormonal regulation and micronutrient supplementation improves plant physiological efficiency, resulting in increased vigor and productivity. Therefore, the application of GA₃ at 75 ppm together with borax at 0.3% is recommended for maximizing tomato growth and yield under similar agro-climatic conditions.
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Introduction
Tomato (Solanum lycopersicum L.) is one of the most widely cultivated and economically important vegetable crops worldwide, characterized by its excellent nutritional profile, versatility, and suitability for consumption in both fresh and processed forms. It provides a wide range of vitamins, minerals, organic acids, and antioxidants such as lycopene, which are essential for human health. Tomato holds an important position among vegetable crops in India due to its adaptability to a wide range of climatic conditions, high yield potential, and good economic returns. However, to achieve optimum growth, flowering, and fruit production, proper regulation of plant nutrition and physiological processes is essential (Gupta and Patel, 2020).
Plant growth regulators (PGRs) are organic chemical substances distinct from nutrients, but even in low concentrations they significantly influence plant physiology. They regulate key developmental processes such as cell division, elongation, differentiation, flowering, and fruit set. Exogenous application of PGRs such as auxins (NAA), gibberellins (GA₃), and ethylene-releasing compounds (ethephon) has been shown to modify plant growth patterns, enhance vegetative growth, reduce flower drop, promote fruit setting, and increase yield. PGRs help maintain hormonal balance in plants and mitigate the adverse effects of environmental stress (Bapu, 2018).
Micronutrients are equally important for plant growth, and among them, boron plays a vital role. Boron is essential for plant development as it is involved in cell wall formation, carbohydrate transport, pollen viability, fertilization, and seed development. Boron deficiency leads to stunted growth and adversely affects vegetative growth, reproductive development, yield, and quality of produce, including tomato (Ullah et al., 2015). Adequate boron enhances meristematic activity and reproductive growth, thereby improving plant vigor. The combined application of plant growth regulators and boron may serve as an effective strategy to enhance growth, flowering, and yield attributes in tomato. While PGRs regulate hormonal and physiological activities, boron influences metabolic and structural processes; together, they can significantly affect plant height, branching, flowering behavior, fruit development, and productivity. Therefore, it is important to study and understand the combined role of growth regulators and boron in relation to growth, flowering, and yield characteristics of tomato in order to develop scientifically sound practices for improving crop performance, productivity, and quality under diverse cultivation conditions (Gupta et al., 2018).
The objectives of the study were to evaluate the effect of different plant growth regulators (NAA, GA₃, and ethephon) on the growth, flowering, and yield traits of tomato; to assess the influence of varying levels of boron on vegetative growth, reproductive development, and fruit yield; to determine the interaction effect between plant growth regulators and boron on these parameters; and to identify the most suitable combination of growth regulator and boron level for improving productivity, fruit quality, and overall performance of tomato under field conditions.
Materials and Methods
The present study was conducted from August 2019 to March 2020 at the Vegetable Seed Farm, Department of Horticulture (Vegetable and Floriculture), Bihar Agricultural University, Sabour, Bhagalpur, Bihar. The experimental field was levelled and well drained, with sandy loam soil of pH 7.8 and good fertility status. Irrigation water was supplied through a tube well. The experimental site is located in the Indo-Gangetic plains at 25°15′ N latitude and 80°02′ E longitude, at an elevation of 46 m above mean sea level. The region falls under a tropical to subtropical climate, characterized by hot summers, cool winters, and moderate rainfall. Meteorological data for the crop season were obtained from the university’s meteorological observatory.
The experiment was laid out in a factorial randomized block design with three replications. The tomato cultivar used was Kashi Vishesh, which is characterized by a determinate growth habit, resistance to leaf curl disease, and medium to large deep-red fruits weighing approximately 80 g. Seedlings were transplanted at a spacing of 50 cm × 50 cm. Each plot measured 3.0 × 3.0 m and contained 30 plants. Treatments consisted of three boron levels by Borax: B₀ (0%), B₁ (0.3%), and B₂ (0.4%). Plant growth regulator treatments included ten concentrations: water spray (control); NAA at 50, 75, and 100 ppm; GA₃ at 25, 50, and 75 ppm; and ethephon at 100, 150, and 200 ppm. Boron was applied at 30, 50, and 70 days after transplanting, whereas PGRs were sprayed 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 along with recommended fertilizers at 120:80:60 kg N:P₂O₅:K₂O per hectare was applied. One-third of nitrogen and the full dose of phosphorus and potassium were applied as basal, while the remaining nitrogen was top-dressed in two equal splits. Standard cultural practices, irrigation, and plant protection measures were followed throughout the crop period. Five plants per plot were randomly tagged for recording observations.
Growth parameters such as plant height (cm), days to 50% flowering, number of primary branches, and number of fruit per plant, Fruit Length (cm), Fruit weight (g), fruit yield per plant (kg),  and days to first harvest were measured from randomly selected fruits.The recorded data were statistically analyzed using analysis of variance (ANOVA) for factorial randomized block design, as described by Panse and Sukhatme (1967), to partition total variance into sources due to replications and treatments for all observed characters.
Result and Discussion 
Effect of PGRs and Boron on Plant Height (cm)
The data on plant height are presented in Table 1 and illustrated graphically in Fig. 1. A perusal of the data clearly reveals marked variation in average plant height due to the application of different plant growth regulators. All concentrations of GA₃, NAA, and ethephon increased plant height compared with the 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 statistically at par with P₅ (GA₃ @ 50 ppm) showing a plant height of 79.45 cm. The minimum plant height (66.23 cm) was recorded in the control treatment (Kushwaha et al., 2025).
Effect of Boron:
The maximum plant height (77.08 cm) was observed with B₁ (borax @ 0.3%), which proved superior to the other boron concentrations. The minimum plant height (71.84 cm) was recorded with B₂ (borax @ 0.4%), similar to results reported by Haleema et al. (2024).
Effect of Interaction (P × B):
The maximum plant height (86.85 cm) was recorded with P₆B₁ (GA₃ @ 75 ppm × borax @ 0.3%), which was significantly superior to all other treatment combinations. The minimum plant height (58.33 cm) was observed in plants grown under the control treatment (P₀B₀), which is in agreement with Deb et al. (2024).
Effect of PGRs and Boron on Days to 50% Flowering (days)
The data on days to 50% flowering are presented in Table 1 and graphically represented in Fig. 2.
Effect of PGRs:
Analysis of the data revealed a significant influence of spray treatments of different plant growth regulator levels on days to 50% flowering. The minimum number of days to 50% flowering (90.17 days) was recorded with the control (P₀), which was statistically at par with treatments P₁, P₇, and P₈, requiring 92.21, 91.91, and 92.52 days, respectively. The maximum number of days to 50% flowering (98.77 days) was recorded with P₆ (GA₃ @ 75 ppm), in agreement with Gupta and Patel (2020).
Effect of Boron:
Boron levels also had a significant effect on days to 50% flowering. The minimum number of days (92.34 days) was recorded with the control B₀, which was statistically at par with B₁ (borax @ 0.3%). The maximum number of days (95.86 days) was recorded with B₂, as reported by Ashraf et al. (2018).
Effect of Interaction (P × B):
The interaction between PGRs and boron levels showed a non-significant effect on days to 50% flowering, indicating that combined treatments of GA₃, NAA, ethephon, and boron had little influence on this parameter. However, the minimum number of days to 50% flowering (88.13 days) was recorded under the control treatment (P₀B₀), similar to findings reported by Chhaba et al. (2024).
Effect of PGRs and Boron on Number of Branches
The data pertaining to the effect of various levels of plant growth regulators (PGRs) and boron on the number of branches are presented in Table 2 and graphically illustrated in Fig. 3.
Effect of PGRs:
Scrutiny of the data revealed that the maximum number of branches (10.84) was recorded with the application of P₆ (GA₃ @ 75 ppm), which was statistically at par with P₅ (GA₃ @ 50 ppm) and P₄ (GA₃ @ 25 ppm), producing 10.64 and 10.41 branches, respectively. The minimum number of branches (8.35) was recorded in the control treatment (P₀) (Singh et al., 2017).
Effect of Boron:
The experimental data indicated a significant effect of boron levels on the number of branches. The maximum number of branches (11.52) was observed with B₁ (borax @ 0.3%), which was significantly superior to other boron concentrations. The minimum number of branches (9.06) was recorded with B₂ (borax @ 0.4%) (Ullah et al., 2015).
Effect of Interaction (P × B):
The interaction effect of PGRs and boron was found to be significant. The maximum number of branches (13.38) was recorded with P₆B₁ (GA₃ @ 75 ppm × borax @ 0.3%), which was at par with P₅B₁ (GA₃ @ 50 ppm × borax @ 0.3%), producing 13.09 branches. The minimum number of branches (7.76) was recorded in plants grown without boron and PGRs (control, P₀B₀), similar to findings reported by Singh et al. (2019).
Effect of PGRs and Boron on Number of Fruits per Plant
The data regarding the effect of PGRs and boron on the number of fruits per plant were found significant and are presented in Table 2 and graphically illustrated in Fig. 4.
Effect of PGRs:
The data indicated a significant effect of PGR treatments on fruit number. The maximum number of fruits per plant (50.64) was recorded with P₆ (GA₃ @ 75 ppm), which was statistically at par with P₅ (GA₃ @ 50 ppm) and P₄ (GA₃ @ 25 ppm), producing 49.17 and 48.64 fruits, respectively. The minimum number of fruits per plant (38.60) was recorded in the control (P₀) (Bharath Kumar et al., 2020).
Effect of Boron:
Boron application also significantly influenced fruit number. The maximum number of fruits per plant (53.70) was observed with B₁ (borax @ 0.3%), whereas the minimum number (38.80) was recorded with B₂ (borax @ 0.4%) (Arunkumar et al., 2022; Haleema et al., 2024).
Effect of Interaction (P × B):
The interaction between PGRs and boron levels was significant. The maximum number of fruits per plant (57.12) was recorded with P₅B₁ (GA₃ @ 50 ppm × borax @ 0.3%), followed by P₆B₁ (53.70), P₄B₁ (50.42), and P₈B₁ (41.12). The minimum number of fruits per plant (35.30) was recorded in the control treatment (P₀B₀) (Haleema et al., 2024).
Effect of PGRs and Boron on Fruit Length (cm)
The data on average fruit length under different treatments of PGRs and boron were found significant and are presented in Table 3 and illustrated graphically in Fig. 5.
Effect of PGRs:
A perusal of the data indicated that foliar application of plant growth regulators increased fruit length compared with the control. The highest fruit length (6.06 cm) was recorded with P₅ (GA₃ @ 50 ppm), which was significantly superior to the other PGR treatments. The minimum fruit length (4.17 cm) was recorded under the control treatment (P₀) (Deb et al., 2024).
Effect of Boron:
Among the different boron concentrations, B₁ (borax @ 0.3%) produced the highest fruit length (6.12 cm), whereas the minimum fruit length (4.67 cm) was recorded under the control (B₀).
Effect of Interaction (P × B):
A close examination of the data revealed that the interaction between PGRs and boron had a significant effect on fruit length, indicating that combined treatments influenced this parameter. The maximum fruit length (7.01 cm) was recorded with P₆B₁ (GA₃ @ 75 ppm × borax @ 0.3%), which was significantly superior to all other treatment combinations. The minimum fruit length (4.08 cm) was observed in the control (P₀B₀). This indicates that the combination of GA₃ @ 75 ppm and borax @ 0.3% was most effective in increasing 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 illustrated graphically in Fig. 6. A perusal of the mean table revealed appreciable variation in average fruit weight under different treatments. Increased fruit weight was observed with foliar application of NAA, GA₃, ethephon, and borax compared to the control (Ullah et al., 2015).
Effect of PGRs:
A critical examination of the data revealed marked variation in average fruit weight due to PGR treatments. The maximum fruit weight (81.69 g) was recorded with P₅ (GA₃ @ 50 ppm), which was statistically at par with P₆ (GA₃ @ 75 ppm), P₄ (GA₃ @ 25 ppm), and P₂ (NAA @ 75 ppm), recording 79.97 g, 79.85 g, and 79.44 g, respectively. The minimum fruit weight (71.94 g) was recorded in the control (P₀) (Bapu, 2018).
Effect of Boron:
The data clearly indicated that fruit weight increased significantly with boron application. The highest fruit weight (82.67 g) was recorded with B₁ (borax @ 0.3%), whereas the minimum average fruit weight (75.04 g) was recorded under the control (B₀).
Effect of Interaction (P × B):
The interaction effect of PGRs and boron was found to be significant. The maximum fruit weight (85.71 g) was recorded with P₂B₁ (NAA @ 75 ppm × borax @ 0.3%), which was at par with P₅B₁ (GA₃ @ 50 ppm × borax @ 0.3%) producing 84.53 g. This was followed by P₉B₁ (ethephon @ 200 ppm × borax @ 0.3%), P₈B₁ (ethephon @ 150 ppm × borax @ 0.3%), and P₁B₁ (NAA @ 50 ppm × borax @ 0.3%) with fruit weights of 84.47 g, 83.86 g, and 83.46 g, respectively. The minimum fruit weight (70.41 g) 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 Fig. 7 provide information on the differential response of treatments with respect to fruit yield per plant. A close examination of the results revealed that foliar application of plant growth regulators significantly enhanced fruit yield per plant. Analysis of variance indicated significant differences among treatments (Arunkumar et al., 2022; Haleema et al., 2024).
Effect of PGRs:
The maximum fruit yield per plant (1.58 kg) was recorded with P₆ (GA₃ @ 75 ppm), which was statistically at par with P₂ and P₃ (NAA @ 75 and 100 ppm) and P₄ and P₅ (GA₃ @ 25 and 50 ppm), producing yields of 1.54 kg, 1.54 kg, 1.53 kg, and 1.53 kg per plant, respectively. The minimum yield (1.33 kg per plant) was recorded in the control (P₀) (Meena et al., 2015; Haleema et al., 2024).
Effect of Boron:
The data indicated that the highest fruit yield per plant (1.63 kg) was obtained with B₁ (borax @ 0.3%), which was significantly superior to other treatments, whereas the minimum yield (1.40 kg per plant) was recorded in the control (B₀) (Haider et al., 2024; Ullah et al., 2015).
Effect of Interaction (P × B):
The interaction between PGRs and boron levels had a significant effect on fruit yield. The maximum fruit yield per plant (1.85 kg) was recorded with P₆B₁ (GA₃ @ 75 ppm × borax @ 0.3%), which was at par with P₅B₁ (GA₃ @ 50 ppm × borax @ 0.3%) yielding 1.76 kg per plant. The minimum fruit yield (1.25 kg per plant) was recorded in the control (P₀B₀) (Arunkumar et al., 2022; Haider et al., 2024).
Effect of PGRs and Boron on Days to First Harvest
Table 5 presents the effect of PGRs and boron on days to first harvest, graphically illustrated in Fig. 8.
Effect of PGRs:
Analysis of variance indicated a non-significant influence of individual PGR treatments on days to first harvest. However, the minimum number of days to first harvest (114 days) was recorded with P₂ (NAA @ 75 ppm), whereas the maximum (117.81 days) was observed in the control (P₀) (Haleema et al., 2024).
Effect of Boron:
Further examination revealed that the individual effect of boron was also non-significant. Nevertheless, the minimum days to first harvest (113.95 days) were observed with B₁ (borax @ 0.3%) (Bapu, 2018).
Effect of Interaction (P × B):
The interaction effect of PGRs and boron on days to first harvest was non-significant. The minimum duration (111.19 days) was recorded with P₅B₁ (GA₃ @ 50 ppm × boron @ 0.3%), whereas the maximum duration (118.98 days) was observed with P₈B₂ (ethephon @ 150 ppm × boron @ 0.4%). These findings indicate that variations in PGR and boron levels had little or no substantial influence on days to first 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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Fig. 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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Fig. 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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Fig. 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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Fig. 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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Fig. 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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Fig. 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








Effect of different levels of PGRs and micronutrient on Fruit yield per plant in tomato
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Fig. 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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Fig. 8: Effect of different levels of PGRs and micronutrient on Days to 1st harvest in tomato




Conclusion
The findings of the present study clearly indicate that both plant growth regulators (PGRs) and boron play a significant role in improving growth, flowering, fruit attributes, and yield of tomato. Among the different PGR treatments, GA₃ at 75 ppm proved to be the most effective in enhancing plant height, number of branches, fruit set, and yield per plant, followed closely by other GA₃ concentrations and NAA treatments. Boron application also showed a pronounced influence, with borax at 0.3% emerging as the most suitable level for improving vegetative growth, fruit size, fruit weight, and overall productivity. The interaction effects revealed that the combined application of GA₃ at 75 ppm and borax at 0.3% produced superior results in most parameters, indicating a strong synergistic relationship between hormonal regulation and micronutrient nutrition.
Although days to 50% flowering and days to first harvest were not significantly affected by interaction treatments, the overall improvement in plant vigor and yield attributes demonstrates the effectiveness of combined applications. These responses may be attributed to enhanced physiological efficiency, improved nutrient translocation, and better reproductive development. Hence, foliar application of GA₃ at 75 ppm along with borax at 0.3% can be recommended as an effective and practical strategy for maximizing tomato growth, yield, and quality under similar agro-climatic conditions.
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