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ABSTRACT
The present investigation entitled “Effect of different levels of nitrogen and phosphorus on growth and yield of Tomato (Solanum lycopersicum L.)” was carried out with objectives to study the objective to study the effect of integrated nutrient management on growth and development of Tomato., To find out the suitable combination of inorganic and organic fertiliser for tomato, and To work out the economics of the treatments. The experimental material consisted 12 treatments Variety Pusa Ruby. The experiment was conducted at the Research farm of the School of Agriculture Science, Technology Research, Sardar Patel University, Balaghat (M.P.). The sowing of experimental material was shown transplanted in the main field on 05 December 2023 with Randomised Block Design (RBD) and 3 replications were used. The data were recorded on five randomly selected plants. The overall results obtained from this present investigation revealed that the application of T11 (Nitrogen @120kg/ha+ Phosphorus @80 kg/ha ) showed the better performance for vegetative growth (plant height, Flowering of plant , Quality Attributes, , number of Fruits per plant ), yield attributes [number of fruit per plant, fruit yield per plant (kg), fruit yield per plot (kg), fruit yield per hectare (t), fruit fresh weight (g), fruit dry weight (g)] of Tamato except fruit length and fruit diameter and would be useful to enhance the productivity of tomato. The plant tomato sown in the field under the treatment with Nitrogen @120kg/ha+ Phosphorus @80 kg/ha (T11) recorded the maximum monetary advantage during the year of experimentation.
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INTRODUCTION
Tomato (Solanum lycopersicum L.) is a member of the Solanaceae family and stands out as one of the most important and widely cultivated vegetables in India. Its origins trace back to tropical America, with historical evidence suggesting that it was first domesticated by indigenous people in the Andean regions of modern-day Peru and Ecuador (Shalunke et al., 1987). Over time, the tomato spread across the globe, becoming an essential crop in various cuisines and agricultural systems.
      With its diverse agro-climatic zones, India is well-suited for tomato cultivation, making it a key player in the global vegetable market. As the second-largest producer of vegetables worldwide, India dedicates a significant portion of its agricultural land to tomato cultivation. The crop is grown on 812 thousand hectares, producing a substantial 19,204 thousand metric tons (MT) annually, with an average productivity of 21.10 MT/ha. This productivity is a testament to the advancements in agricultural practices, including the use of improved varieties, better nutrient management, and effective pest and disease control strategies.
Tomatoes are not only a staple in Indian diets but also a valuable cash crop for farmers, providing significant income through both fresh markets and processing industries. The increasing demand for tomato-based products, such as sauces, pastes, and ketchup, has further fueled the expansion of tomato cultivation in India. Moreover, the crop's adaptability to different climates and its relatively short growing season make it an attractive option for farmers looking to maximise their returns.
  In recent years, the focus on improving tomato yield and quality in states like Madhya Pradesh has led to the exploration of better nutrient management practices, including the combined use of essential macronutrients like nitrogen and phosphorus. However, as mentioned earlier, specific research on the combined application of these nutrients in the Kymore Plateau and Satpura Hill zones remains limited. Addressing this gap could further enhance the productivity and sustainability of tomato cultivation in these regions.
Nitrogen is a fundamental component of amino acids, proteins, and chlorophyll, directly influencing vegetative growth and overall plant health. Studies have shown that increasing nitrogen levels can lead to improved plant height, increased branch number, and higher fruit yield. For instance, a study in Bangladesh reported that applying 300 kg/ha of nitrogen resulted in the highest plant height and fruit yield per hectare. However, excessive nitrogen application may lead to excessive vegetative growth at the expense of fruit production.
Phosphorus is vital for energy transfer, root development, and flowering in plants. Adequate phosphorus levels are crucial during the early stages of tomato growth for establishing a strong root system and promoting early flowering. Research indicates that phosphorus application enhances chlorophyll content and improves fruit quality. A study under saline conditions found that increasing phosphorus levels up to 50 mg/kg soil improved chlorophyll content and fruit yield, particularly under chloride salinity.
The synergistic effect of nitrogen and phosphorus is well-documented. Balanced fertilization, considering both nutrients, leads to optimal growth and yield. For example, a polyhouse study observed that a combination of 100% nitrogen and 75% phosphorus resulted in the highest number of fruits per plant and fruit yield per hectare. Similarly, another study in Bangladesh found that the combination of 300 kg/ha nitrogen and 125 kg/ha phosphorus yielded the highest fruit number and weight per plant. (Peeyush., and Vijay Bahadur. 2024)
MATERIALS AND METHODS
The experiment was carried out at the Research farm of the Department of Horticulture, School of Agriculture Science, Technology & Research, Sardar Patel University, Balaghat (M.P.). The experiment was conducted in a randomized complete block design with three replications. 12 treatments were assigned 4 levels of nitrogen (30, 60, 90 and 120 kg/ha), 4 levels of phosphorus (20,40,60 and 80 kg/ha) 3 levers of nitrogen and phosphorus combinations (60+40,90+60 and 120+80 kg/ha) and 1 control and were laid out in randomized block design with 3 replications. Well rotten FYM @ 200 q/ha was applied at the time of field preparation. The field was fertilized to supply nitrogen at the rate of 30, 60 90 and 120 kg/ha, phosphorus 20, 40,60 and 80 kg/ha, combine application of N and P 60+40, 90+60, 120+80 kg/ha and potash were applied each plot in equal amount. The urea was applied in three equal level. The first dose of urea was applied before transplanting in prepared beds with full amount of single super phosphate and murate of potash. The rest of dose of urea was applied at 45 days after transplanting and first fruit picking. The seed rate used was 2 kg/ha for sowing with a row-to-row and plant-to-plant distance of 50.0 cm. The fertilizer grades were applied as per treatment. All the other agronomic practices were applied uniformly to all the treatments. The experiment will be consisting of the following factors along with their respective levels. After transplanting, the field was irrigated to help the seedlings establish themselves. Regular irrigation was maintained to ensure consistent moisture levels. Regular monitoring was conducted to ensure the effectiveness of the plant protection measures and to adjust treatments as necessary based on pest and disease pressure. This comprehensive sampling technique ensures thorough analysis of the growth, yield, and quality characteristics of the tomato variety Pusa Ruby under varying nitrogen and phosphorus treatments.
RESULTS AND DISCUSSION
             The beneficial effects of nitrogen and phosphorus can be attributed to their critical roles in plant development. Nitrogen is vital for protein synthesis, which enhances leaf growth and photosynthesis, contributing to increased carbohydrate production. This, in turn, supports better fruit development and higher yields. Phosphorus is essential for root development and energy transfer within the plant, which supports overall growth and resistance to stress. The synergistic effect of both nutrients promotes cell enlargement and division, leading to vigorous plant growth and enhanced fruit setting.
          The combination of nitrogen and phosphorus at higher levels (120+80 kg/ha) provided the plants with a balanced supply of essential nutrients throughout their growth stages. This balanced nutrition maintained optimal vegetative development and prolonged the fruit-setting period. In contrast, control plots without fertilization exhibited limited growth and early fruit setting, with reduced fruit yield in later stages due to insufficient nutrient supply. Plants in the control plots showed signs of nutrient deficiency, such as early yellowing and reduced growth after initial fruit picking. The observed results align with findings from previous studies. Kaur et al. (2003), Bhardwaj et al. (2004), Mondal and Haque (2020), and Dhiman et al. have all reported that increasing levels of nitrogen and phosphorus significantly enhance fruit and seed yield. These studies underscore the importance of providing adequate nutrients to achieve optimal plant growth and productivity. Specifically, Kaur et al. (2003) noted that nitrogen and phosphorus are crucial for improving fruit yield and quality, while Bhardwaj et al. (2004) highlighted their role in sustaining plant health and productivity.
Nitrogen (N) and phosphorus (P) are essential macronutrients that play a crucial role in the growth and yield of tomato (Solanum lycopersicum). Nitrogen is a key component of amino acids, proteins, and chlorophyll, directly influencing vegetative growth, leaf development, and overall plant vigor. In a study by Patel (2021), it was found that increasing nitrogen levels up to 300 kg/ha significantly improved plant height, fruit number, and overall yield in tomato cv. GT-1. However, excessive nitrogen can lead to excessive vegetative growth and delayed flowering, as reported by Zhang and Zhang (2018). Phosphorus, on the other hand, is essential for energy transfer, root development, and early flowering. Sani and Sani (2017) demonstrated that phosphorus application at 100 kg/ha improved root length and early fruiting in tomatoes grown in calcareous soils. The combined effect of nitrogen and phosphorus often results in synergistic outcomes, enhancing both vegetative and reproductive growth. For instance, Getu et al. (2024) observed that a combined application of 300 kg/ha nitrogen and 125 kg/ha phosphorus resulted in the highest fruit yield and quality under irrigated conditions in Ethiopia. Similarly, Chettri et al. (2024) reported that balanced nitrogen and phosphorus nutrition improved yield attributes such as fruit size and number in hydroponically grown cherry tomatoes. Yuan and Zhang (2010) further emphasized that precise fertigation with nitrogen and phosphorus increased both yield and economic returns in processing tomatoes. These findings collectively suggest that an optimized and balanced application of nitrogen and phosphorus is vital for maximizing tomato yield and ensuring sustainable crop production.
       The current investigation highlights that increasing the levels of nitrogen up to 120 kg/ha, phosphorus up to 80 kg/ha, and their combined application up to 120+80 kg/ha significantly influenced tomato growth, yield attributes, and yield. Among the treatments, the combination of nitrogen and phosphorus at 120+80 kg/ha exhibited superior results, with maximum plant height (85.11 cm), number of branches (13.64/plant), flower clusters (14.72/plant), flowers (8.56/cluster), fruits (6.88/cluster), fruit weight (1.36 kg/plant), and yield (323.8 q/ha).
The application of higher levels of nitrogen and phosphorus, specifically up to 120 kg/ha of nitrogen, 80 kg/ha of phosphorus, and their combination at 120+80 kg/ha, resulted in a significant increase in Total Soluble Solids (TSS) in tomato fruits, reaching 6.52 °Brix. In contrast, the minimum TSS of 3.56 °Brix was observed in control plots where no nitrogen or phosphorus was applied.
The application of high levels of nitrogen and phosphorus, especially in combination, has a substantial positive impact on key quality parameters of tomato fruits. Higher TSS indicates richer fruit flavor and sweetness, while increased number of locules and pericarp thickness enhance fruit structural quality. These results align with previous studies, such as those by Kumar et al. (2013), Ittisa et al. (2013) and Alam et al. (2018), which underscore the importance of balanced nutrient management in optimizing fruit quality.
       The application of higher levels of nitrogen and phosphorus, particularly in combination (120+80 kg/ha), significantly enhances economic returns from tomato cultivation. The increased expenditure on fertilizers is outweighed by the higher gross and net returns, making it a more profitable choice compared to lower doses or control plots. This aligns with the goal of maximizing monetary gain per hectare through optimized nutrient management.
CONCLUSION
The study highlights the critical role of optimizing nitrogen and phosphorus levels in maximizing tomato growth, yield, and quality. Specifically, applying nitrogen at 120 kg/ha and phosphorus at 80 kg/ha, either individually or in combination, significantly enhanced key growth parameters such as plant height, number of branches, flower clusters, and fruit yield. The combination of 120+80 kg/ha resulted in the highest performance, with notable improvements in plant height (85.11 cm), branch count (13.64 per plant), flower clusters (14.72 per plant), and fruit yield (1.36 kg per plant). Additionally, this fertilization strategy accelerated the onset of flowering and fruit setting, indicating a faster transition to the reproductive stage. Quality attributes of the fruit, such as Total Soluble Solids (TSS), number of locules per fruit, and pericarp thickness, were also significantly improved at the highest nutrient levels.
Economically, the application of nitrogen and phosphorus at 120+80 kg/ha provided the greatest net returns and benefit-to-cost ratio, demonstrating the treatment's financial viability. The increase in gross monetary returns and net income highlights the potential of this fertilization strategy to enhance the profitability of tomato cultivation. Thus, the combined application of nitrogen and phosphorus at these levels is strongly recommended for growers aiming to improve both the agronomic performance and economic returns of tomato production. This integrated nutrient management approach ensures optimal plant development, superior fruit quality, and sustainable profitability.
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TABLE 1: Effect of different levels of nitrogen and phosphorus on growth and yield of Tomato (Solanum lycopersicum L.)
	Treatment
	Plant height (cm)
	Branches
	Days to First Flowering
	Days to First Fruit Setting
	No. of
Locule per fruit
	Pericarp
thickness (mm)
	TSS
(in Brix)
	Yield (q/ha)
	B
Ratio

	T1: Nitrogen @ 30 kg/ha
	77.43
	11.69
	35.13
	11.69
	2.63
	5.54
	4.88
	200.10
	1.92

	T2: Nitrogen @ 60 kg/ha
	78.92
	12.00
	36.93
	12.00
	3.12
	5.69
	5.15
	215.60
	2.05

	T3: Nitrogen @ 90 kg/ha
	79.88
	12.30
	37.56
	12.30
	3.72
	5.79
	5.49
	246.70
	2.33

	T4: Nitrogen @ 120 kg/ha
	82.77
	12.71
	40.16
	12.71
	5.16
	5.90
	6.08
	273.00
	2.56

	T5: Phosphorus @ 20 kg/ha
	75.29
	11.25
	35.56
	11.25
	2.19
	5.50
	4.44
	198.90
	1.90

	T6: Phosphorus @ 40 kg/ha
	76.78
	11.56
	36.00
	11.56
	2.68
	5.99
	4.71
	214.40
	2.02

	T7: Phosphorus @ 60 kg/ha
	77.74
	11.86
	36.06
	11.86
	3.28
	5.75
	5.05
	245.50
	2.29

	T8: Phosphorus @ 80 kg/ha
	80.63
	12.27
	37.12
	12.27
	4.72
	5.86
	6.72
	271.60
	2.51

	T9: Nitrogen + Phosphorus @ 60+40 kg/ha
	81.26
	13.26
	38.49
	13.26
	4.05
	5.75
	6.08
	292.80
	2.73

	T10: Nitrogen + Phosphorus @ 90+60 kg/ha
	82.22
	12.90
	39.03
	12.90
	4.65
	5.85
	6.42
	303.30
	2.78

	T11: Nitrogen + Phosphorus @ 120+80 kg/ha
	85.11
	13.64
	40.60
	13.64
	5.29
	5.96
	6.52
	323.80
	2.91

	T12: Control (0 kg/ha Nitrogen	and Phosphorus)
	73.40
	10.12
	34.69
	10.12
	2.06
	5.37
	3.56
	149.50
	1.44

	SEm±
	0.83
	1.46
	0.34
	0.14
	0.37
	0.28
	0.36
	8.20
	0.09

	CD
	2.46
	0.50
	1.01
	0.41
	1.09
	0.10
	1.05
	24.30
	0.27



