Response of Plant Growth Regulators and Boron on Seed Yield and Seed Quality of Tomato (Solanum lycopersicum L.) 

Abstract
Tomato (Solanum lycopersicum L.) is an important vegetable crop widely cultivated for its nutritional and economic value. Seed yield and seed quality are crucial factors for ensuring better crop establishment and productivity. Plant growth regulators and micronutrients play a significant role in improving reproductive efficiency and seed quality parameters in tomato. Therefore, the present investigation was conducted at the Vegetable Seed Farm, Department of Horticulture (Vegetable and Floriculture), Bihar Agricultural University, Sabour, Bhagalpur, Bihar, to study the effect of plant growth regulators (NAA, GA₃, and Ethephon) and boron on seed yield and seed quality of tomato. The experiment was laid out in a Factorial Randomised Block Design with three replications. The treatments consisted of ten levels of plant growth regulators (water spray, NAA @ 50, 75 and 100 ppm; GA₃ @ 25, 50 and 75 ppm; and Ethephon @ 100, 150 and 200 ppm) and three levels of boron (0, 0.3 and 0.4%). The results revealed that both plant growth regulators and boron significantly influenced se Keywords ed quality parameters. Among the PGR treatments, NAA @ 75 ppm recorded the highest germination percentage (71.94%), whereas the lowest germination (63.67%) was observed with Ethephon @ 150 ppm. Boron application at 0.3% resulted in maximum germination (70.78%). The interaction effect showed that GA₃ @ 75 ppm combined with boron @ 0.3% produced the highest germination (76.88%). Vigour Index–I and Vigour Index–II were also significantly influenced by PGRs and boron, with the highest values recorded under NAA @ 100 ppm and GA₃ @ 75 ppm treatments. Electrical conductivity of the seed was lowest under GA₃ @ 50 ppm and boron @ 0.3%, indicating better membrane stability and seed vigour. Seed viability was highest with GA₃ @ 75 ppm and boron @ 0.4%, whereas 1000 seed weight was not significantly influenced by the treatments. Overall, the study indicated that the combined application of plant growth regulators and boron improved seed quality parameters of tomato. Among the treatments, GA₃ @ 75 ppm along with boron @ 0.3% proved most effective in enhancing germination and seed vigour of tomato seeds under field conditions.
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Introduction
Tomato, scientifically known as Solanum lycopersicum L., is one of the most important vegetables belonging to the family Solanaceae. It has a chromosome number of 2n = 2x = 24. Tomato is a self-pollinated crop. The region of Peru, Ecuador, and Bolivia in South America is considered the principal center of origin of the tomato crop. The wild form of the tomato plant, Solanum lycopersicum var. cerasiforme, is believed to have given rise to the present cultivated forms of the tomato plant. Tomato has been called a “protective food” because of its high nutritional value and health-giving attributes. Tomato is eaten raw as well as processed into various products like sauce, ketchup, puree, soup, and juice (Gupta, et al., 2018).
Tomato fruits are a rich source of vitamins A, B, and C, minerals, and antioxidants like lycopene and β-carotene, which have a significant role to play in protecting the human body from various types of chronic diseases like cancer and cardiovascular diseases. Tomato fruits are also a good source of carotenoids, calcium, and other essential nutrients, which add to their dietary value. Due to the high nutritive value of tomatoes, their versatility in food preparation and processing, the crop has gained popularity among producers as well as consumers (Bapu, 2018).
Apart from fruit production, seed production and seed quality are important aspects of tomato cultivation, which are mainly related to the maintenance of high productivity and uniform establishment of the crop. Seed quality is influenced by various parameters like seed yield, germination percentage, seed vigour, seed viability, electrical conductivity, and seed weight. However, seed yield and quality of tomatoes are influenced by various physiological and environmental factors like flower drop, poor fruit set, nutrient availability, and hormonal imbalance in the plant (Gupta, and Patel, 2020).
Plant growth regulators have a vital role to play in the regulation of plant growth, development, and productivity by controlling various physiological and biochemical processes. These growth regulators help in controlling cell division, elongation, flowering, fruit setting, and seed development. Among the various plant growth regulators, Naphthalene Acetic Acid (NAA), Gibberellic Acid (GA₃), and Ethephon are the most important plant growth regulators used in horticultural crops to enhance plant growth and yield attributes (Haleema, et al., 2024). NAA, a synthetic auxin, is effective in reducing flower and fruit abscission, fruit setting, and seed development. Gibberellic acid (GA₃) regulates cell elongation, increases plant growth, and enhances seed setting and seed quality. Ethephon, an ethylene-releasing compound, is effective in controlling plant growth, fruit maturation, and seed development. Apart from the role of plant growth regulators, micronutrients are also important for the growth and reproductive development of plants. Boron is one of the micronutrients that is important for the development of cell walls, germination of pollen, fertilization, and seed formation. It has a significant role to play in the development of ovaries, seed setting, and seed maturation, thereby affecting seed yield and seed quality. Lack of boron in the development of the plants results in poor flower formation, fruit setting, and poor seed quality. Foliar spray of boron at specific concentrations has been reported to enhance reproductive efficiency, seed yield, and seed vigour of several vegetable crops (Deb, et al., 2024). 
In consideration of the importance of the role of plant growth regulators and micronutrients in enhancing reproductive efficiency, it has been found that the combined role of these two aspects will result in a better approach for improving the seed yield of tomatoes. Therefore, it is important to study the response of the seed yield and seed quality of tomatoes to the application of plant growth regulators and boron (Manaware and Sharma, 2020). The study was conducted to assess the impact of varying levels of NAA, GA₃, Ethephon, and boron on the seed yield, germination percentage, vigour index, seed viability, electrical conductivity, and seed weight of tomatoes, i.e., Solanum lycopersicum L. The results obtained from the study will help in developing management practices to enhance seed yield and seed quality of tomatoes grown under field conditions (Davis, et al., 2003). 
Materials and Methods
The present investigation was conducted at the Vegetable Seed Farm, Department of Horticulture (Vegetable and Floriculture), Bihar Agricultural University, Sabour, Bhagalpur, Bihar. The experimental field was well levelled and provided with proper drainage facilities. The soil of the experimental site was sandy loam in texture with a pH of 7.8 and had a good fertility status. Irrigation water used during the experiment was supplied through a tube well. Geographically, the experimental site is located in the Indo-Gangetic plains at 25°15′ N latitude and 87°02′ E longitude, with an elevation of approximately 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 on temperature, rainfall, and relative humidity during the crop season were obtained from the University Meteorological Observatory.
The experiment was laid out in a Factorial Randomized Block Design (FRBD) with three replications. The treatments consisted of ten levels of plant growth regulators (PGRs) and three levels of boron. The plant growth regulator treatments included P₀ (water spray as control), P₁ (NAA @ 50 ppm), P₂ (NAA @ 75 ppm), P₃ (NAA @ 100 ppm), P₄ (GA₃ @ 25 ppm), P₅ (GA₃ @ 50 ppm), P₆ (GA₃ @ 75 ppm), P₇ (Ethephon @ 100 ppm), P₈ (Ethephon @ 150 ppm), and P₉ (Ethephon @ 200 ppm). The boron treatments consisted of B₀ (control), B₁ (Boron @ 0.3%), and B₂ (Boron @ 0.4%). Boron was applied as a foliar spray at 30, 50, and 70 days after transplanting, whereas the plant growth regulators were applied at 35, 55, and 75 days after transplanting. The tomato variety Kashi Vishesh was used for the study. This variety possesses a determinate growth habit and resistance to tomato leaf curl virus, and produces medium to large-sized deep red fruits with an average weight of approximately 80 g. Seeds were treated with the fungicide Agrosan GN @ 2 g kg⁻¹ seed before sowing to protect against seed-borne diseases. The crop was planted at a spacing of 50 cm × 50 cm. Each experimental plot measured 3.0 m × 3.0 m, accommodating 30 plants per plot. Standard cultural practices such as irrigation, weeding, and plant protection measures were followed throughout the crop growth period to maintain a healthy crop stand.
During field preparation, well-decomposed farmyard manure was incorporated into the soil. The recommended dose of fertilizers 120:80:60 kg N:P₂O₅:K₂O per hectare was applied to the crop. The entire dose of phosphorus and potassium along with one-third of nitrogen, was applied as a basal dose, while the remaining nitrogen was top-dressed in two equal splits during the crop growth period.
For recording observations, five plants were randomly selected and tagged in each plot. The observations were recorded on seed yield and seed quality parameters. Seed yield per plant was recorded by extracting and drying the seeds from the fruits of the tagged plants and weighing them in grams. Seed yield per hectare was calculated from the seed yield obtained from each plot and converted into kilograms per hectare.
Seed quality parameters were analyzed using standard laboratory procedures. Germination percentage was determined using the Between Paper (BP) method following the International Seed Testing Association (ISTA) guidelines. Seeds were germinated in a germinator maintained at 25 ± 1°C temperature and 95% relative humidity, and the germination percentage was calculated based on the number of normal seedlings produced.

Germination (%) = Number of Normal Seedling X 100
Number of seeds tested
Seed vigour index was calculated according to the method suggested by Abdul-Baki and Anderson (1973). Vigour Index I was calculated by multiplying germination percentage with total seedling length, while Vigour Index II was calculated by multiplying germination percentage with seedling dry weight.
Seed vigour index I = Germination percentage × Total seedling length (cm) Seed vigour index II = Germination percentage × seedling dry weight (gram)
Electrical conductivity of seed leachate was measured to assess seed vigour and membrane integrity. For this purpose, four replications of fifty seeds were soaked in 250 ml of deionized water for 17 hours, and the electrical conductivity of the seed leachate was measured using a conductivity meter and expressed as µS cm⁻¹ g⁻¹ of seed.

Conductivity (µS cm-1g-1) = Conductivity reading-back ground reading
weight of replicate(g)
Seed viability was determined using the Tetrazolium test. Seeds were soaked in water and then treated with 1% solution of 2,3,5-triphenyl tetrazolium chloride under dark conditions at about 30°C. Viable seeds developed a red coloration, which was used to determine the viability percentage. Seed weight was determined by recording the 1000 seed weight from a random sample of seeds taken from the pure seed fraction. Eight replications of 100 seeds were weighed and the average was expressed in grams.
The data recorded for various characters were statistically analyzed using analysis of variance (ANOVA) appropriate for a Factorial Randomized Block Design as described by Panse and Sukhatme (1967). The significance of treatment effects was tested at the 5 percent level of probability.

Result and Discussion  
Effect of PGRs and Boron on Number of Seeds per Fruit
The data regarding the average number of seeds per fruit are presented in Table-1 and illustrated in Fig.-1.
Effect of PGRs
The number of seeds per fruit was significantly influenced by different plant growth regulator (PGR) treatments. The maximum number of seeds per fruit (139.40) was recorded with treatment P₃ (NAA @ 100 ppm), which was statistically at par with P₄ (GA₃ @ 25 ppm) recording 139.12 seeds per fruit. This was followed by P₂ (NAA @ 75 ppm), P₅ (GA₃ @ 50 ppm), and P₁ (NAA @ 50 ppm) with 138.91, 138.70, and 138.24 seeds per fruit, respectively. The minimum number of seeds per fruit (126.55) was observed in P₆ (GA₃ @ 75 ppm), Gupta, et al., 2020).
Effect of Boron
Analysis of variance revealed a significant effect of boron application on seed number per fruit. The highest number of seeds per fruit (143.17) was recorded with B₁ (Boron @ 0.3%), whereas the lowest (128.88) was observed under the control B₀, Kumar, and Baksh and Patel, 2024).
Effect of Interaction (P × B)
The interaction between PGRs and boron had a significant influence on the number of seeds per fruit. The highest number of seeds (144.67) was recorded with the treatment combination P₆B₁ (GA₃ @ 75 ppm × Boron @ 0.3%), which was statistically at par with P₄B₁ (GA₃ @ 25 ppm × Boron @ 0.3%) recording 144.28 seeds per fruit. This was followed by P₈B₁ (Ethephon @ 100 ppm × Boron @ 0.3%) and P₂B₁ (NAA @ 75 ppm × Boron @ 0.3%), with 143.72 and 143.48 seeds per fruit, respectively. The lowest number of seeds per fruit (100.20) was recorded under P₆B₀ (GA₃ @ 75 ppm × Boron @ 0%), Kumar, and Baksh et al., 2024 and Gupta, and Patel, 2020)
Effect of PGRs and Boron on Seed Yield per Plant (g)
The application of different PGRs and boron treatments significantly influenced seed yield per plant, as presented in Table-1 and Fig. 2.
Effect of PGRs
The analysis of variance indicated a significant effect of foliar application of PGRs on seed yield per plant. The maximum seed yield per plant (17.13 g) was recorded with P₅ (GA₃ @ 50 ppm), which was statistically at par with P₄ (GA₃ @ 25 ppm) producing 17.01 g per plant. The minimum seed yield per plant (13.20 g) was recorded under the control P₀, Deb, et al., 2024).
Effect of Boron
The individual effect of boron application was also found to be significant. The highest seed yield per plant (19.20 g) was recorded with B₁ (Boron @ 0.3%), whereas the lowest (12.50 g) was observed in the control B₀, Singh, et al., 2021).
Effect of Interaction (P × B)
The interaction effect between PGRs and boron was significant for seed yield per plant. The maximum seed yield per plant (21.64 g) was recorded with P₆B₁ (GA₃ @ 75 ppm × Boron @ 0.3%), which was at par with P₅B₁ (GA₃ @ 50 ppm × Boron @ 0.3%) producing 21.46 g per plant. This was followed by P₄B₁ (GA₃ @ 25 ppm × Boron @ 0.3%) with a yield of 20.31 g per plant. The minimum seed yield per plant (10.30 g) was recorded with P₆B₀ (GA₃ @ 75 ppm × Boron @ 0%), Singh et al., 2021 and Deb, et al., 2024).
Effect of PGRs and Boron on Seed Yield per Plot (g)
The data pertaining to the effect of plant growth regulators (PGRs) and boron on seed yield per plot were found to be significant. The results are presented in the table -2 and Fig.- 3 above.
Effect of PGRs
The analysis of variance revealed a significant influence of different PGR treatments on seed yield per plot. Among the treatments, the highest mean seed yield per plot (142.24 g) was recorded with P₆ (GA₃ @ 75 ppm). This was followed by P₂ (NAA @ 75 ppm) (138.93 g), P₃ (NAA @ 100 ppm) (138.66 g), P₄ (GA₃ @ 25 ppm) (138.12 g), and P₅ (GA₃ @ 50 ppm) (137.88 g), which were statistically comparable, Davis et al., 2003).  The lowest seed yield per plot (119.70 g) was recorded under the control P₀, indicating the positive effect of PGR application over untreated plants.
Effect of Boron
The effect of boron levels on seed yield per plot was found to be significant. The maximum seed yield per plot (146.27 g) was recorded with B₁ (Boron @ 0.3%), followed by B₂ (Boron @ 0.4%) (129.48 g). The minimum seed yield (125.64 g) was recorded under the control B₀ (0%). This clearly indicates that boron application at 0.3% significantly enhanced seed yield compared to both control and higher concentration (Gupta, and Patel, 2020).
Effect of Interaction (P × B)
The interaction between PGRs and boron was also found to be significant. The highest seed yield per plot (166.63 g) was recorded with the treatment combination P₆B₁ (GA₃ @ 75 ppm × Boron @ 0.3%). This was followed by P₅B₁ (GA₃ @ 50 ppm × Boron @ 0.3%) (158.05 g) and P₄B₁ (GA₃ @ 25 ppm × Boron @ 0.3%) (151.56 g). Other notable combinations include P₂B₁ (NAA @ 75 ppm × Boron @ 0.3%) (148.00 g) and P₃B₁ (NAA @ 100 ppm × Boron @ 0.3%) (147.77 g), which also recorded higher yields. The minimum seed yield per plot (112.50 g) was recorded with the control combination P₀B₀, indicating the combined beneficial effect of PGRs and boron application (Singh, et al., 2021). 
Effect of PGRs and Boron on Seed Yield per Hectare (kg)
The data pertaining to the effect of different levels of plant growth regulators (PGRs) and boron on seed yield per hectare were found to be significant. The results are presented in Table-2 and illustrated in Fig.-4.
Effect of PGRs
The analysis clearly indicated a significant influence of PGR treatments on seed yield per hectare as compared to the control. The maximum seed yield (189.66 kg/ha) was recorded with P₆ (GA₃ @ 75 ppm), which was statistically at par with P₂ (NAA @ 75 ppm), producing 185.24 kg/ha. This was followed by P₃ (NAA @ 100 ppm) with a yield of 184.88 kg/ha. The minimum seed yield per hectare (159.03 kg/ha) was recorded under the control P₀, Islam, 2015). 
Effect of Boron
The effect of foliar application of boron was also found to be significant. The highest seed yield per hectare (195.03 kg/ha) was recorded with B₁ (Boron @ 0.3%), whereas the lowest yield (167.52 kg/ha) was observed in the control B₀ (Kumar, and Baksh, 2024).
Effect of Interaction (P × B)
The interaction effect between PGRs and boron significantly influenced seed yield per hectare. The highest seed yield (222.18 kg/ha) was recorded with P₆B₁ (GA₃ @ 75 ppm × Boron @ 0.3%), which was at par with P₅B₁ (NAA @ 100 ppm × Boron @ 0.3%), producing 210.73 kg/ha. This was followed by P₄B₁ (GA₃ @ 25 ppm × Boron @ 0.3%), P₂B₁ (NAA @ 75 ppm × Boron @ 0.3%), P₃B₁ (NAA @ 100 ppm × Boron @ 0.3%), and P₇B₁ (Ethephon @ 100 ppm × Boron @ 0.3%), which recorded 202.08, 197.33, 197.03, and 194.00 kg/ha, respectively. The minimum seed yield per hectare (150.00 kg/ha) was observed under the control combination P₀B₀ (Singh, et al., 2021). 
Effect of PGRs and Boron on Germination (%)
The data recorded on the influence of PGRs and boron on the germination percentage of the seed was found to be significant. It can be clearly observed in Table-3 and graphically represented in Fig.-5.
Effect of PGRs
The perusal of the data indicates a significant effect of various treatments of PGRs on the germination percentage of the seed. The maximum germination (71.94%) was recorded with the treatment P₂ (NAA @ 75 ppm), which was at par with the treatment P₃ (NAA @ 100 ppm) having germination of 70.32%, followed by P₆ (GA₃ @ 75 ppm), P₄ (GA₃ @ 25 ppm), and P₇ (Ethephon @ 100 ppm) having germination percentages of 70.16%, 69.74%, and 69.41%, respectively. However, the minimum germination percentage (63.67%) was recorded with the treatment P₈ (Ethephon @ 150 ppm), closed as result reported by Rahman et al. (2021 and Ravat, and Nirav Makani, 2015).
Effect of Boron
There was a significant influence of different treatments of boron on the germination percentage of the seed. The maximum germination (70.78%) was recorded with the treatment B₁ (Boron @ 0.3%), whereas the minimum germination (64.90%) was recorded in the control (B₀), (Kumar, et al., 2024). 
Effect of Interaction (P × B)
The analysis of variance showed a significant interaction effect of PGRs and boron on the germination percentage of tomato seed. The maximum germination (76.88%) was recorded with the treatment combination P₆B₁ (GA₃ @ 75 ppm × Boron @ 0.3%), which was at par with P₂B₁ (NAA @ 75 ppm × Boron @ 0.3%) having germination of 74.62%, followed by P₂B₂ (NAA @ 75 ppm × Boron @ 0.4%) and P₇B₁ (Ethephon @ 100 ppm × Boron @ 0.3%) with germination percentages of 73.84% and 71.39%, respectively. The minimum germination (60.75%) was recorded with P₉B₂ (Ethephon @ 200 ppm × Boron @ 0.4%), similar as result reported by Jasmin, et al., 2018 and Singh, et al., 2019).
Effect of PGRs and Boron on Vigour Index–I
Table-3 represents the significant effect of various levels of PGRs and boron on Vigour Index–I, which is graphically illustrated in Fig.6.
Effect of PGRs
It is apparent from the analysis of variance that foliar application of different treatments of PGRs had a significant influence on Vigour Index–I. The maximum Vigour Index–I (28.30) was recorded with the treatment P₃ (NAA @ 100 ppm), which was at par with P₆ (GA₃ @ 75 ppm) having VI–I of 28.03, followed by P₅ (GA₃ @ 50 ppm) and P₄ (GA₃ @ 25 ppm) with values of 27.51 and 27.32, respectively. The minimum VI–I (23.40) was recorded with the control (P₀), Singh, et al., 2026).
Effect of Boron
Further investigation of the data reveals that application of different levels of boron also had a significant effect on Vigour Index–I. The maximum Vigour Index–I (30.10) was recorded with B₁ (Boron @ 0.3%), whereas the minimum VI–I (24.00) was recorded with the control (B₀), Chhaba, et al., 2024).
Effect of Interaction (P × B)
The analysis of variance revealed a significant interaction effect of PGRs and boron on Vigour Index–I. The maximum VI–I (34.30) was recorded with P₆B₁ (GA₃ @ 75 ppm × Boron @ 0.3%), which was at par with P₃B₁ (NAA @ 100 ppm × Boron @ 0.3%) having VI–I of 32.31, followed by P₂B₁ (NAA @ 75 ppm × Boron @ 0.3%) with VI–I of 32.22. The minimum VI–I (21.90) was recorded with the control (P₀B₀), Singh, et al., 2017). 
Effect of PGRs and Boron on Vigour Index–II
Table 4 depicts the significant effect of various levels of PGRs and boron on Vigour Index–II, which is graphically illustrated in Fig-7.
Effect of PGRs
The analysis of variance demonstrated the significant effect of foliar application of PGRs on Vigour Index–II. The maximum VI–II (2468) was recorded with P₃ (NAA @ 100 ppm), which was at par with P₆ (GA₃ @ 75 ppm), having VI–II of 2448, followed by P₅ (GA₃ @ 50 ppm) and P₁ (NAA @ 50 ppm) with VI–II values of 2421 and 2393, respectively. The minimum VI–II (1782) was recorded with the control (P₀), Rayudu, et al., 2017). 
Effect of Boron
The data pertaining to different treatments of boron showed a significant influence on Vigour Index–II. The maximum VI–II (2719) was recorded with B₁ (Boron @ 0.3%), whereas the minimum VI–II (1917) was recorded with the control (B₀), similar as result reported by Singh, et al., 2019). 
Effect of Interaction (P × B)
The interaction effect of various levels of PGRs and boron had a significant influence on Vigour Index–II. The maximum VI–II (3137) was recorded with P₆B₁ (GA₃ @ 75 ppm × Boron @ 0.3%), which was at par with P₂B₁ (NAA @ 75 ppm × Boron @ 0.3%) having VI–II of 3014.40. The minimum VI–II (1648) was recorded with P₉B₀ (Ethephon @ 200 ppm × Boron @ 0.0%), Bharathkumar, et al., 2020). 
Effect of PGRs and Boron on Electrical Conductivity of Seed (dS m⁻¹)
The significant effect of various levels of PGRs and boron on the electrical conductivity of the seed is presented in Table -4 and graphically illustrated in Fig. 8.
Effect of PGRs
The analysis of variance demonstrated a significant influence of PGRs on the electrical conductivity of the seed. The minimum electrical conductivity (0.86 dS m⁻¹) was recorded with P₅ (GA₃ @ 50 ppm), which was at par with P₂ (NAA @ 75 ppm) and P₇ (Ethephon @ 150 ppm) having EC values of 0.87 dS m⁻¹, followed by P₃ (NAA @ 100 ppm) and P₄ (GA₃ @ 25 ppm) with EC values of 0.88 dS m⁻¹. The maximum EC (1.03 dS m⁻¹) was recorded with the control (P₀), Singh, et al., 2018 and Singh, et al., 2019). 
Effect of Boron
The data about the foliar application of boron on the electrical conductivity of the seed was found to be significant. The minimum EC (0.81 dS m⁻¹) was recorded with B₁ (Boron @ 0.3%), whereas the maximum EC (0.98 dS m⁻¹) was recorded with the control (B₀), Roy, et al., 2020).
Effect of Interaction (P × B)
The interaction effect of PGRs and boron significantly influenced the electrical conductivity of seed. The minimum EC (0.75 dS m⁻¹) was recorded with P₂B₁ (NAA @ 75 ppm × Boron @ 0.3%), which was at par with P₅B₁ (GA₃ @ 50 ppm × Boron @ 0.3%) having 0.76 dS m⁻¹, followed by P₇B₁, P₁B₁, and P₄B₁ with EC values of 0.77, 0.78, and 0.79 dS m⁻¹, respectively. The maximum EC (1.09 dS m⁻¹) was recorded with P₉B₂ (Deepak Jakhar, et al., 2018). 
Effect of PGRs and Boron on Seed Viability
The analysis of data regarding the effect of PGRs and boron on seed viability was found significant and is presented in Table-5 and Fig. 9.
Effect of PGRs
The investigation of the data showed a non-significant effect of different foliar treatments of PGRs on seed viability. The maximum seed viability (93.56%) was recorded with P₆ (GA₃ @ 75 ppm), whereas the minimum (88.07%) was recorded with the control (P₀), Kumar, and Baksh, 2024).
Effect of Boron
Further investigation revealed a significant influence of boron on seed viability. The maximum (93.30%) was recorded with B₂ (Boron @ 0.4%), which was at par with B₁ (Boron @ 0.3%) having 93.10%, whereas the minimum (87.00%) was recorded with the control (B₀), (Ibrahim, 2023 and Panda, 2019). 
Effect of Interaction (P × B)
The interaction effect of PGRs and boron significantly influenced seed viability. The maximum (96.33%) was recorded with P₆B₂ (GA₃ @ 75 ppm × Boron @ 0.4%), which was at par with P₂B₁ (NAA @ 100 ppm × Boron @ 0.3%) having 95.67%, followed by P₅B₁, P₁B₂, P₁B₁, and P₂B₂ with values of 95.00%, 94.33%, 94.00%, and 94.00%, respectively. The minimum (77.90%) was recorded with the control (P₀B₀), Kumar et al., 2018 and Lakshmi, et al., 2022).  
Effect of PGRs and Boron on 1000 Seed Weight
The data presented in Table-5 reveals interesting facts regarding the effect of various levels of foliar application of PGRs and boron on 1000 seed weight of tomato, which is graphically illustrated in Fig. 10.
Effect of PGRs
The scrutiny of the data clearly indicates a significant influence of various foliar applications of PGRs on the 1000-seed weight of tomato seed. The maximum 1000 seed weight (2.99 g) was recorded with the control (P₀), whereas the minimum (2.61 g) was recorded with P₉ (Ethephon @ 200 ppm), similar as result reported by Abhi, 2018, and Kumar, et al., 2024). 
Effect of Boron
The individual effect of different treatments of boron was found non-significant for the 1000 seed weight of tomato seed. The maximum 1000 seed weight (2.81 g) was recorded with the control (B₀), whereas the minimum (2.78 g) was recorded with B₂ (Boron @ 0.4%), closed as result reported by Islam 2015). 
Effect of Interaction (P × B)
The interaction effect of PGRs and boron was also found non-significant, indicating no appreciable influence on the 1000 seed weight of tomato seed. However, the maximum 1000 seed weight (3.05 g) was recorded with P₀B₀, whereas the minimum (2.61 g) was recorded with P₉B₂ (Ethephon @ 200 ppm × Boron @ 0.4%), closed as result reported by Ibrahim, 2023).


















Table-1: Effect of different levels of PGRs and micronutrients on number of seed per fruit and seed yield per plant in tomato
	Number of seed per fruit
	Seed yield 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)
	129.20
	140.31
	140.27
	136.59
	11.39
	14.25
	14.01
	13.21

	NAA @ 50 ppm
(P1)
	131.41
	143.19
	140.11
	138.24
	12.11
	19.18
	17.12
	16.13

	NAA @ 75 ppm
(P2)
	132.03
	143.48
	141.23
	138.91
	12.32
	19.80
	17.43
	16.52

	NAA @ 100 ppm
(P3)
	
133.16
	
143.25
	
141.81
	
139.40
	
12.93
	
19.45
	
17.50
	
16.63

	GA3 @ 25 ppm (P4)
	132.05
	144.28
	141.02
	139.12
	12.94
	20.31
	17.78
	17.01

	GA3 @ 50 ppm (P5)
	132.14
	143.26
	140.71
	138.70
	13.10
	20.46
	17.84
	17.13

	GA3 @ 75 ppm (P6)
	100.20
	144.67
	134.76
	126.55
	10.26
	21.64
	17.23
	16.38

	Ethephon @ 100
ppm (P7)
	132.50
	142.71
	138.34
	137.85
	13.04
	18.47
	13.45
	14.99

	Ethaphon @ 150
ppm (P8)
	133.20
	143.72
	130.23
	135.72
	13.64
	20.07
	13.39
	15.70

	Ethaphon @ 200
ppm (P9)
	132.92
	142.84
	130.02
	135.26
	13.00
	18.62
	15.58
	15.73

	MEAN
	128.88
	143.17
	137.85
	
	12.47
	19.22
	16.13
	

	
	P
	B
	P x B
	
	P
	B
	P x B
	

	CD
	5.41
	2.96
	9.36
	
	0.77
	0.42
	1.33
	

	CV
	4.19
	5.09








Effect of different levels of PGRs and micronutrient on Number of seed per fruit in tomato
200
150
100
50
0
Control	NAA @ 50 ppm NAA @ 75 ppm NAA @ 100 ppm GA3 @ 25 ppm GA3 @ 50 ppm GA3 @ 75 ppm	Ethephon @	Ethaphon @	Ethaphon @
100 ppm	150 ppm	200 ppm
Boron @ 0%	Boron @ 0.3%	Boron @ 0.4%

Figure-1: Effect of different levels of PGRs and micronutrient on Number of seed per fruit in tomatoEffect of different levels of PGRs and micronutrient on Seed yield per plant in tomato
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	Figure-2: Effect of different levels of PGRs and micronutrient on Number of seed yield per Plant in tomato




	

Table -2: Effect of different levels of PGRs and micronutrients on seed yield per hectare and germination% in tomato
	Seed yield per plot
	Seed yield per hectare

	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)
	112.50
	125.10
	121.50
	119.70
	150.00
	166.80
	162.00
	159.60

	NAA @ 50 ppm
(P1)
	130.50
	145.10
	134.10
	136.57
	174.00
	193.46
	178.80
	182.09

	NAA @ 75 ppm (P2)
	
135.00
	
148.00
	
133.80
	
138.93
	
180.00
	
197.33
	
178.40
	
185.24

	NAA @ 100 ppm
(P3)
	126.00
	147.77
	142.20
	138.66
	168.00
	197.03
	189.60
	184.88

	GA3 @ 25 ppm (P4)
	134.10
	151.56
	128.70
	138.12
	178.80
	202.08
	171.60
	184.16

	GA3 @ 50 ppm (P5)
	123.30
	158.05
	132.30
	137.88
	164.40
	210.73
	176.40
	183.84

	GA3 @ 75 ppm (P6)
	128.70
	166.63
	131.40
	142.24
	171.60
	222.18
	175.20
	189.66

	Ethephon @ 100
ppm (P7)
	133.20
	145.50
	125.10
	134.60
	177.60
	194.00
	166.80
	179.47

	Ethaphon @ 150
ppm (P8)
	119.70
	137.69
	123.30
	126.90
	159.60
	183.58
	164.40
	169.19

	Ethaphon @ 200
ppm (P9)
	113.40
	137.31
	122.40
	124.37
	151.20
	183.08
	163.20
	165.83

	MEAN
	125.64
	146.27
	129.48
	
	167.52
	195.03
	172.64
	

	
	P
	B
	P x B
	
	P
	B
	P x B
	

	CD
	6.36
	3.48
	11.01
	
	8.48
	4.64
	14.68
	

	CV
	5.04
	5.04
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Figure-3: Effect of different levels of PGRs and micronutrient on Seed yield per plot in tomatoEffect of different levels of PGRs and micronutrient on Seed yield per hectare in tomato
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Figure-4: Effect of different levels of PGRs and micronutrient on Seed yield per hectare in tomato





Table-3: Effect of different levels of PGRs and micronutrients on germination% and Vigour Index-I  in tomato
	Germination%
	Vigour Index-I

	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)
	62.91
	65.19
	64.94
	64.35
	21.89
	24.75
	23.48
	23.37

	NAA @ 50 ppm
(P1)
	61.84
	70.59
	70.12
	67.52
	23.20
	30.68
	23.60
	25.83

	NAA @ 75 ppm (P2)
	
67.34
	
74.62
	
73.84
	
71.94
	
24.15
	
32.22
	
24.42
	
26.93

	NAA @ 100 ppm
(P3)
	68.85
	71.08
	71.03
	70.32
	25.74
	32.31
	26.86
	28.30

	GA3 @ 25 ppm (P4)
	69.48
	70.43
	69.31
	69.74
	25.99
	31.43
	24.53
	27.32

	GA3 @ 50 ppm (P5)
	63.95
	73.09
	69.33
	68.79
	26.41
	30.81
	25.31
	27.51

	GA3 @ 75 ppm (P6)
	62.52
	76.88
	71.08
	70.16
	25.26
	34.27
	24.56
	28.03

	Ethephon @ 100
ppm (P7)
	69.32
	71.39
	67.53
	69.41
	21.92
	26.55
	23.52
	24.00

	Ethaphon @ 150
ppm (P8)
	61.89
	65.26
	62.24
	63.13
	23.07
	28.40
	23.30
	24.92

	Ethaphon @ 200
ppm (P9)
	60.95
	69.31
	60.75
	63.67
	22.27
	29.12
	22.81
	24.73

	MEAN
	64.91
	70.78
	68.02
	
	23.99
	30.05
	24.24
	

	
	P
	B
	P x B
	
	P
	B
	P x B
	

	CD
	3.13
	1.71
	5.42
	
	1.28
	0.70
	2.22
	

	CV
	4.88
	5.20








Effect of different levels of PGRs and micronutrient on Germination% in tomato
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Figure-5: Effect of different levels of PGRs and micronutrient on Germination% in tomatoEffect of different levels of PGRs and micronutrient on Vigour Index-I in tomato
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Figure-6: Effect of different levels of PGRs and micronutrient on Vigour Index-I in tomato





Table-4: Effect of different levels of PGRs and micronutrients on Vigour Index-II and Electrical conductivity of seeds in tomato
	Vigour Index-II
	Electrical conductivity of seeds

	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)
	1652.19
	1889.82
	1804.52
	1782.17
	1.06
	1.04
	0.99
	1.03

	NAA @ 50 ppm
(P1)
	1754.43
	2822.87
	2052.92
	2210.07
	1.03
	0.78
	0.88
	0.90

	NAA @ 75 ppm
(P2)
	1986.17
	3014.40
	2179.88
	2393.48
	1.02
	0.75
	0.84
	0.87

	NAA @ 100 ppm
(P3)
	
2155.70
	
2936.92
	
2311.08
	
2467.90
	
0.93
	
0.80
	
0.90
	
0.88

	GA3 @ 25 ppm (P4)
	2071.11
	2886.09
	2127.83
	2361.68
	0.96
	0.79
	0.89
	0.88

	GA3 @ 50 ppm (P5)
	2151.65
	2867.39
	2242.54
	2420.53
	0.97
	0.76
	0.86
	0.86

	GA3 @ 75 ppm (P6)
	2098.80
	3137.42
	2107.40
	2447.87
	0.94
	0.81
	0.91
	0.89

	Ethephon @ 100
ppm (P7)
	1733.25
	2464.27
	2078.04
	2091.85
	0.98
	0.77
	0.87
	0.87

	Ethaphon @ 150
ppm (P8)
	1913.26
	2557.42
	1995.11
	2155.26
	0.95
	0.82
	0.92
	0.90

	Ethaphon @ 200
ppm (P9)
	1648.50
	2614.98
	1683.63
	1982.37
	1.05
	0.83
	1.09
	0.99

	MEAN
	1916.51
	2719.16
	2058.29
	
	0.99
	0.82
	0.92
	

	
	P
	B
	P x B
	
	P
	B
	P x B
	

	CD
	104.92
	57.47
	181.73
	
	0.04
	0.02
	0.07
	

	CV
	4.98
	5.06








Effect of different levels of PGRs and micronutrient on Vigour Index-II in tomato
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Figure-7: Effect of different levels of PGRs and micronutrient on Vigour Index-II in tomatoEffect of different levels of PGRs and micronutrient on Electrical conductivity of seeds in tomato
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Figure-8: Effect of different levels of PGRs and micronutrient on Electrical conductivity of seeds in tomato





Table-5: Effect of different levels of PGRs and micronutrients on Seed viability and 1000 seed weight in tomato
	Seed viability
	1000 Seed 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)
	77.89
	91.00
	95.33
	88.07
	3.05
	2.97
	2.95
	2.99

	NAA @ 50 ppm
(P1)
	85.00
	94.00
	94.33
	91.11
	2.94
	2.92
	2.89
	2.92

	NAA @ 75 ppm (P2)
	
82.33
	
95.67
	
94.00
	
90.67
	
2.88
	
2.88
	
2.86
	
2.87

	NAA @ 100 ppm
(P3)
	82.67
	93.00
	92.00
	89.22
	2.85
	2.84
	2.83
	2.84

	GA3 @ 25 ppm (P4)
	91.00
	93.00
	92.00
	92.00
	2.82
	2.81
	2.80
	2.81

	GA3 @ 50 ppm (P5)
	90.67
	95.00
	92.00
	92.56
	2.79
	2.78
	2.77
	2.78

	GA3 @ 75 ppm (P6)
	91.33
	93.00
	96.33
	93.56
	2.76
	2.75
	2.74
	2.75

	Ethephon @ 100
ppm (P7)
	90.33
	92.33
	91.67
	91.44
	2.73
	2.73
	2.72
	2.73

	Ethaphon @ 150
ppm (P8)
	89.33
	92.00
	91.00
	90.78
	2.72
	2.71
	2.60
	2.68

	Ethaphon @ 200
ppm (P9)
	89.33
	92.00
	94.00
	91.78
	2.59
	2.62
	2.61
	2.61

	MEAN
	86.99
	93.10
	93.27
	
	2.81
	2.80
	2.78
	

	
	P
	B
	P x B
	
	P
	B
	P x B
	

	CD
	3.81
	2.09
	6.60
	
	0.13
	NS
	NS
	

	CV
	4.43
	4.96








Effect of different levels of PGRs and micronutrient on Seed viability in tomato
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Figure-9: Effect of different levels of PGRs and micronutrient on Seed viability in tomatoEffect of different levels of PGRs and micronutrient on 1000 Seed Weight in tomato
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Figure-10: Effect of different levels of PGRs and micronutrient on 1000 Seed Weight in tomato

Conclusion 
[bookmark: _GoBack]From the results of the present investigation, it can be concluded that the application of plant growth regulators and boron significantly influenced seed quality parameters of tomato. Among the different plant growth regulators, NAA and GA₃ showed better performance compared to ethephon in improving germination percentage and seed vigour. The treatment NAA @ 75 ppm recorded the highest germination percentage among the PGR treatments, while GA₃ @ 75 ppm produced higher seed vigour indices and better seed viability. Boron application also played an important role in improving seed quality. Among the boron treatments, boron @ 0.3% showed superior performance in enhancing germination percentage, seed vigour, and reducing electrical conductivity of seeds, indicating improved seed quality. The interaction between PGRs and boron further enhanced these parameters. The combination of GA₃ @ 75 ppm with boron @ 0.3% was found to be the most effective treatment for improving germination percentage, Vigour Index–I, and Vigour Index–II. Electrical conductivity of the seed was reduced with the application of PGRs and boron, which indicates better membrane stability and higher seed vigour. Seed viability was highest under GA₃ @ 75 ppm combined with boron @ 0.4%. However, the treatments did not show a significant effect on 1000-seed weight. Therefore, it can be concluded that the combined foliar application of GA₃ @ 75 ppm and boron @ 0.3% is beneficial for improving seed quality parameters such as germination percentage and seed vigour in tomato. The findings of the study suggest that appropriate use of plant growth regulators and micronutrients can be an effective strategy for enhancing seed quality in tomato seed production under field conditions.
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