Foliar Micronutrient Application and Its Impact on Tomato (Solanum lycopersicum L.) Under Controlled Conditions


ABSTRACT
The research was carried out at the Horticultural Research Farm, Department of Horticulture, Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology and Sciences (SHUATS), Prayagraj, Uttar Pradesh, during the Rabi seasons of 2023–24 and 2024–25. The experiment followed a Randomized Block Design (RBD) with three replications and involved 15 treatment combinations of foliar micronutrient applications on tomato variety NS4266. The treatments comprised of Boric acid, Zinc sulphate, Copper sulphate, Ferrous sulphate, Calcium nitrate applied @ 100 ppm respectively, Ammonium molybdate @ 50 ppm, 100 ppm mixture of all micronutrients, and 100 ppm mixture excluding Boron, Zinc Molybdenum, Copper, Iron, Calcium respectively, commercial formulation Multiplex at 4 ml/l and untreated check. The investigation assessed the effect of these treatments on tomato quality traits. Among the treatments, T14 (Multiplex) consistently outperformed others, achieving the highest fruit quality metrics, including total soluble solids (6.93 °Brix) increase of 54.11% over control, ascorbic acid content (16.34 mg) increase of 59.72% over control, lycopene content (4.41 mg) increase of 18.54% over control, and a shelf life of 20.50 days 45.51% better over check. T7, comprising a mixture of all micronutrients at 100 ppm, also demonstrated competitive results across most parameters. Therefore applying either commercial Multiplex at 4 ml/l or mixture of all micronutrients @ 100 ppm is beneficial for enhancement in quality traits in tomato.
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INTRODUCTION
The tomato, scientifically known as Solanum lycopersicum (L.) is one of the most widely cultivated and favoured vegetable crops around the world, often referred to as a "protective food." Initially categorized by Miller in 1754 as Lycopersicon esculentum, it underwent reclassification by Child in 1990 and by Peralta and Spooner in 2006 as Solanum lycopersicum (Blanca et al. 2012). This fruit is an excellent source of vitamins, vegetable protein, and minerals, holding a significant position among vegetables, just after potatoes and sweet potatoes. In India, it is endearingly called the "poor man's apple," while in England, it is fondly known as the "love of apple." Tomatoes are incredibly versatile and can be utilized in numerous forms, such as soups, salads, pickles, ketchup, purees, sauces, tomato paste, and juice. The pulp and juice of tomatoes are easily digestible, act as a mild aperient, stimulate gastric secretion, and function as a blood purifier (Naidu and Bhavani, 2023). The profound influence of adequate nutrition on community health is evident. Access to a wide variety of foods rich in essential nutrients is vital for preventing nutritional deficiencies. Moreover, the progress and application of enhanced agronomic practices, including the optimization of fertilization via precise nutrient application, can also yield positive results (Kiferle et al. 2013). Two crucial micronutrients for plant health are zinc (Zn) and boron (B). Tomatoes, in particular, require both macronutrients and micronutrients to flourish. Zn is essential for growth and development, affecting carbohydrate and protein metabolism as well as sexual reproduction in plants (Mehdizadeh et al. 2013). Conversely, tomatoes lacking sufficient B may yield fewer and lower-quality fruits. A proper balance of macronutrients and micronutrients can enhance productivity, and the application of micronutrients through foliar methods is both effective and safe (Schwarz et al. 2010). One of the most prominent indicators of iron deficiency in plants is pronounced leaf chlorosis (Chanda et al. 2011). Crop nutrient deficiencies lead to reduced yields and poor agricultural performance. Insufficient levels of essential nutrients like nitrogen, phosphorus, or potassium can cause stunted growth, lower fruit or grain yields, and increased susceptibility to pests and diseases. This situation not only affects agricultural productivity but also poses risks to food security, potentially resulting in financial challenges for farmers and the agricultural industry. Nano-fertilizers present a viable solution to tackle these crop production challenges (Bharti and Deepanshu, 2023). Micronutrients like zinc, iron, boron, and manganese are essential for the physiological and biochemical functions in plants, affecting their growth, flowering, fruit set, and nutrient composition. However, many agricultural areas experience a deficiency of these micronutrients due to intensive cropping practices, unbalanced fertilizer application, and deteriorating soil health. It is crucial to address these research gaps through focused studies to sustainably improve crop productivity. Highlighting the importance of micronutrient application aligns with the principles of precision agriculture, which seeks to optimize resource efficiency and satisfy the increasing demand for high-quality produce. Therefore, there is an urgent need for region-specific and integrated research on micronutrient management in tomato cultivation. Traditional fertilizers often do not provide accurate nutrient delivery, which negatively effects nutrient use efficiency (NUE) and overall crop yield. Furthermore, the excessive use of synthetic fertilizers can harm soil health and reduce microbial diversity (Sathyan, 2022). In order to assess the effect of micronutrients on tomato quality an experiment was carried out.
MATERIALAND METHODS
The present investigation was carried out at the Horticultural Research Farm of the Department of Horticulture, Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology and Sciences (SHUATS), Prayagraj, Uttar Pradesh, during the Rabi seasons of 2023-24 and 2024-25 to unveil the effect of varying foliar applications of micronutrients, administered at diverse concentrations, on the growth attributes, yield potential of the NS4266 tomato variety. The university is strategically situated approximately 5 kilometres from Prayagraj City, along the Prayagraj–Rewa National Highway, offering convenient accessibility. Prayagraj is located within the Central Plain sub-zone of Agro-climatic Zone V of Uttar Pradesh (as classified by the Department of Land Development and Water Resources, Government of Uttar Pradesh). Research farm at Naini, specifically, lies at a geographical position between 20°33'40'' to 21°50'' N latitude and 73°27'58'' to 73°56'36'' E longitude. The region experiences a tropical climate, characterized by notably hot summers, moderately cold winters, and a humid, warm monsoon season. The area receives substantial rainfall, predominantly concentrated from June to September, with the bulk of precipitation occurring during the southwest monsoon, particularly in July and August. The experimental field during Rabi 2023–24 and Rabi 2024–25 was characterized by a sandy loam soil texture, determined through the hydrometer method (Bouyoucos, 1962). The mechanical analysis revealed that the soil contained 42.0% sand, 38.2% silt, and 20.1% clay during Rabi 2023–24, whereas in Rabi 2024–25, the proportions were 42.5% sand, 37.0% silt, and 20.9% clay, confirming the soil’s consistency in maintaining a sandy loam textural class across both years. The chemical analysis of the soil indicated that the pH remained nearly neutral, with values of 7.06 in Rabi 2023–24 and 7.15 in Rabi 2024–25, as determined by the digital pH meter method (Jackson, 1958). The organic carbon content was found to be 0.52% and 0.53%, respectively, estimated using the Walkley and Black (1934) wet oxidation method, suggesting moderate fertility. The soil was low in available nitrogen, recording 142.33 kg/ha and 145.68 kg/ha in the respective years, determined through the alkaline permanganate method (Subbiah & Asija, 1956). The available phosphorus content was 4.56 kg/ha and 4.98 kg/ha, as estimated by the colorimetric method (Olsen et al., 1954), indicating a low phosphorus status. The available potassium content, analyzed by the flame photometric method (Paulin et al., 1946), was 206.11 kg/ha in Rabi 2023–24 and 208.19 kg/ha in Rabi 2024–25, showing a medium potassium range. In the present investigation the design used for analysis of variables was Randomized Block Design (RBD) comprising 3 replications comprising of foliar application of micronutrients total treatment combinations being fifteen. In this experiment, 6.53 grams of tomato seed was used, equivalent to the standard seed rate of 500 grams per hectare. The crop was raised on well-prepared raised beds to prevent waterlogging, with row spacing of 45 cm and plant spacing of 15 cm. After sowing, the beds were covered with dry grass, straw, or sugarcane leaves to conserve moisture and regulate soil temperature. Manual sowing was carried out on 25th September 2023 and 10th September 2024, followed by regular irrigation to maintain adequate soil moisture. Light irrigation was applied during crucial growth stages—before germination, flowering, and fruit development—to ensure optimal growth conditions. Fertilizers were applied at the recommended dose of NPK (50:20:60 kg/ha). The crop was harvested manually upon reaching maturity, and fruits were collected treatment-wise for data recording and statistical analysis. The first harvests were completed on 27th February 2024 and 19th February 2025, respectively. The detailed schedule of cultural practices followed during the cropping season. The total soluble solids (TSS) of tomato juice were determined using a portable hand refractometer (0–32 °Brix range). Strained juice was placed on the refractometer prism, and the °Brix value was recorded directly from the scale. The ascorbic acid (vitamin C) content of tomato pulp was estimated following the method of Ranganna (1986), using 2,6-dichlorophenol indophenol dye. The reagents used included 3% metaphosphoric acid, prepared by dissolving 3 g metaphosphoric acid in 100 ml distilled water; a dye solution made from 50 mg sodium salt of the dye and 42 mg sodium carbonate, diluted to 250 ml; and a standard ascorbic acid solution (0.1 mg/ml) prepared by dissolving 100 mg L-ascorbic acid in 3% metaphosphoric acid to 100 ml volume. Standardization was done by titrating 5 ml of the standard ascorbic acid solution with the dye until a faint pink color persisted for 15 seconds, and the dye factor was calculated as:
Dye = 
Ascorbic acid =  X 100
The pH of tomato juice was measured by homogenizing fruit samples, filtering the juice, and recording the pH using a calibrated digital pH meter. The physiological loss of weight (PLW) was determined by recording the initial fruit weight immediately after harvest and reweighing at specific storage intervals. The percentage loss was calculated based on the reduction in fruit weight over time. Fruit firmness was evaluated using a Tendrometer, by applying a uniform pressure on the fruit surface. The resistance offered by the fruit was recorded in kilograms per inch (kg/inch) to assess its firmness. Analysis of Variance was worked out using Fisher and Yates (1967).

RESULTS AND DISCUSSION
The foliar application of micronutrients exerted a pronounced influence on the quality attributes of tomato, as evident from the significant variations in total soluble solids (TSS), ascorbic acid, and lycopene content during both years of experimentation (Tables 1–3). Among the treatments, T14 (Commercial formulation – Multiplex @ 4 ml/l) consistently recorded superior values for all quality traits, closely followed by T7 (Mixture of all micronutrients @ 100 ppm), while the untreated control (T0) exhibited the lowest performance. The enhancement in TSS (6.93 °Brix), ascorbic acid (16.34 mg/100 g), and lycopene content (4.41 mg/100 g) under T₁₄ represents a substantial improvement of approximately 52%, 60%, and 18%, respectively, over the control, indicating a remarkable positive response to micronutrient supplementation. The improvement in TSS can be attributed to the pivotal role of micronutrients such as Zn, Fe, and B, which enhance enzymatic activity related to carbohydrate metabolism and translocation, leading to better accumulation of sugars and soluble solids in fruits. The increase in ascorbic acid content may be due to the involvement of micronutrients like Fe and Mn in the synthesis of ascorbic acid through oxidative and reductive pathways, while Zn supports the activity of dehydrogenase enzymes essential for vitamin C biosynthesis. Similarly, the higher lycopene accumulation in T14 and T7 treatments might result from improved photosynthetic efficiency and enhanced carotenoid biosynthesis, as micronutrients play a crucial role as cofactors in pigment formation. Overall, the consistent superiority of T14 and T7 across quality parameters suggests that a balanced foliar supply of essential micronutrients not only improves the biochemical composition but also enhances the overall fruit quality and nutritional value of tomato.
The improvement in fruit quality traits under T14 (Commercial formulation, Multiplex-4 ml/lit) can be attributed to the balanced supply of essential micronutrients, which play a central role in metabolic processes influencing sugar accumulation, vitamin synthesis, and pigment development. The highest total soluble solids (TSS) recorded under T14 reflect efficient photosynthesis and translocation of assimilates, particularly sugars, into the fruits. Similarly, the elevated ascorbic acid content may be explained by the role of micronutrients such as Zn, Fe, and Mn in enzymatic activities related to ascorbate biosynthesis and antioxidant metabolism. Lycopene content, a key determinant of fruit quality and nutritional value, was also maximized in T14, indicating the positive influence of micronutrients on carotenoid synthesis pathways. Although T7 (Mixture of all micronutrients-100 ppm) also enhanced fruit quality parameters, the standardized formulation of T14 ensured more balanced uptake and better physiological efficiency, resulting in superior outcomes. In contrast, the control (T0) consistently recorded the lowest TSS, ascorbic acid, and lycopene levels, highlighting the limitations imposed by nutrient deficiencies on fruit biochemical composition. These findings clearly establish the significance of micronutrient supplementation, particularly through balanced commercial formulations, in enhancing both yield and quality attributes of fruits. Findings were in accordance with conclusions Ali et al. (2015) for micronutrients on quality of tomatoes. Savadi et al. (2022) indicated reported similar conclusion for ascorbic acid content in tomatoes. Verma et al. (2018) tailored micronutrient mixture for cauliflower and found that vitamin C content was found to be better in treatment combination having all micronutrients applied.
The foliar application of micronutrients significantly influenced tomato fruit quality in terms of titratable acidity, firmness, physiological weight loss, and shelf life during both years of study. Consistent with earlier observations, T14 (Commercial formulation – Multiplex @ 4 ml/l) recorded superior performance across all these parameters, followed by T7 (Mixture of all micronutrients @ 100 ppm), whereas the control (T0) consistently exhibited the lowest values. The increase in acidity (1.58%) under T14 over control (0.68%) indicates enhanced organic acid biosynthesis, which plays a vital role in maintaining fruit flavour and storability. Micronutrients such as Zn and Fe are known to activate enzymes involved in the citric acid cycle, thereby promoting acid accumulation. Likewise, the extended shelf life (20.50 days) observed in T14 reflects delayed senescence and reduced physiological deterioration due to improved tissue integrity, enhanced antioxidant activity, and better enzymatic balance under optimal micronutrient nutrition. A notable reduction in physiological weight loss (16.12 g) under T14 and T7 treatments compared to control (18.15 g) can be attributed to the strengthened cell wall structure and decreased transpiration losses, as micronutrients like B and Ca contribute to cell wall stability and membrane permeability regulation. Furthermore, fruits from T14 exhibited maximum firmness (3.80 kg/inch), indicating better structural strength and resistance to mechanical damage, likely due to the synergistic action of micronutrients in maintaining calcium pectate bonds within the fruit tissue. Overall, the consistent superiority of T14 and T7 across key post-harvest quality parameters underscores the crucial role of balanced micronutrient application in enhancing both the nutritional quality and storability of tomato fruits. Similar findings were reported by Hernandez-perez et al. (2021) and Kaur and Kaur (2021) for micronutrients in tomatoes.
Conclusions
The study revealed that foliar application of micronutrients had a pronounced effect on improving the quality and post-harvest attributes of tomato. Among all treatments, T14 (Commercial formulation – Multiplex @ 4 ml/l) emerged as the most effective, consistently recording superior performance across all parameters. This treatment achieved the highest total soluble solids (6.93 °Brix), ascorbic acid content (16.34 mg/100 g), and lycopene content (4.41 mg/100 g), along with maximum firmness (3.80 kg/inch) and extended shelf life (20.50 days). The enhanced fruit quality under T14 may be attributed to improved enzymatic activity, balanced nutrient uptake, and better physiological metabolism. Thus, foliar application of Multiplex @ 4 ml/l proved to be the most efficient treatment for enhancing both nutritional quality and storage potential of tomato fruits under the experimental conditions.








Table 1: Effect of Foliar Application of micronutrients on Total soluble solids (°Brix), ascorbic acid content (mg) and lycopene content (mg) of tomato.
	Treatment Details
	Total soluble solids (°Brix)
	Ascorbic acid content (mg)
	Lycopene content (mg)

	
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	 T0 
	 Control 
	4.59
	4.53
	4.56
	10.37
	10.10
	10.23
	3.53
	3.92
	3.72

	 T1 
	Boric acid- 100 ppm
	5.11
	4.68
	4.89
	11.69
	11.97
	11.83
	4.12
	4.10
	4.11

	 T2 
	Zinc sulphate -100 ppm
	5.47
	6.45
	5.96
	12.39
	13.82
	13.10
	4.23
	4.18
	4.20

	 T3 
	Copper sulphate -100 ppm
	5.53
	5.72
	5.63
	11.39
	12.28
	11.84
	4.29
	4.19
	4.24

	 T4 
	Ferrous sulphate-100 ppm
	5.33
	5.68
	5.51
	12.95
	12.28
	12.61
	4.29
	4.18
	4.24

	 T5 
	Calcium Nitrate-100 ppm
	6.00
	5.22
	5.61
	13.25
	11.48
	12.37
	4.00
	4.15
	4.08

	 T6 
	Ammonium molybdate-50 ppm
	6.04
	5.57
	5.81
	14.39
	13.61
	14.00
	4.07
	4.17
	4.12

	 T7 
	Mixture of all the micrunutrient-100 ppm
	6.49
	6.61
	6.55
	15.60
	15.37
	15.48
	4.37
	4.36
	4.37

	 T8 
	Mixture of all without B- 100 ppm
	6.31
	5.94
	6.13
	14.57
	14.60
	14.59
	4.17
	4.19
	4.18

	 T9 
	Mixture of all without Zn-100 ppm
	5.32
	5.58
	5.45
	13.51
	15.45
	14.48
	4.26
	4.26
	4.26

	 T10 
	Mixture of all without Mo-100 ppm
	5.89
	5.91
	5.90
	13.74
	15.42
	14.58
	4.25
	4.21
	4.23

	 T11 
	Mixture of all without Cu-100 ppm
	6.35
	5.73
	6.04
	14.45
	14.22
	14.34
	4.18
	4.22
	4.20

	 T12 
	Mixture of all without Fe-100 ppm
	6.14
	6.39
	6.26
	12.35
	14.30
	13.33
	4.32
	4.22
	4.27

	 T13 
	Mixture of all without Ca-100 ppm
	6.03
	6.64
	6.33
	14.59
	14.37
	14.48
	4.13
	4.24
	4.18

	 T14 
	Commercial formulation (Multiplex)-4ml/lit
	6.94
	6.93
	6.93
	16.24
	16.44
	16.34
	4.40
	4.42
	4.41

	SE. m (±)
	0.10
	0.29
	0.16
	0.21
	0.25
	0.16
	0.05
	0.04
	0.03

	CD0.05
	0.30
	0.83
	0.45
	0.59
	0.71
	0.48
	0.16
	0.10
	0.10




Table 2: Effect of Foliar Application of micronutrients on number of Acidity content (%), shelf life (days) and physiological loss of weight (grams) of tomato.
	Treatment Details
	Acidity content (%)
	Shelf life (days)
	Physiological loss of weight (grams)

	
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	 T0 
	 Control 
	0.56
	0.79
	0.68
	10.67
	11.67
	11.17
	17.85
	18.46
	18.15

	 T1 
	Boric acid- 100 ppm
	1.05
	1.12
	1.08
	13.67
	14.00
	13.83
	17.09
	16.79
	16.94

	 T2 
	Zinc sulphate -100 ppm
	1.22
	1.32
	1.27
	14.33
	16.00
	15.17
	17.45
	17.32
	17.39

	 T3 
	Copper sulphate -100 ppm
	1.39
	1.27
	1.33
	15.33
	15.00
	15.17
	17.85
	17.54
	17.69

	 T4 
	Ferrous sulphate-100 ppm
	1.35
	1.48
	1.42
	15.00
	13.00
	14.00
	17.56
	17.10
	17.33

	 T5 
	Calcium Nitrate-100 ppm
	0.95
	1.07
	1.01
	14.67
	13.67
	14.17
	17.56
	17.01
	17.29

	 T6 
	Ammonium molybdate-50 ppm
	0.65
	0.87
	0.76
	15.33
	12.67
	14.00
	17.84
	17.88
	17.86

	 T7 
	Mixture of all the micrunutrient-100 ppm
	1.42
	1.57
	1.49
	19.67
	19.33
	19.50
	16.78
	16.02
	16.40

	 T8 
	Mixture of all without B- 100 ppm
	1.24
	1.34
	1.29
	16.33
	16.00
	16.17
	17.06
	16.54
	16.80

	 T9 
	Mixture of all without Zn-100 ppm
	1.38
	1.48
	1.43
	16.67
	17.00
	16.83
	17.50
	17.22
	17.36

	 T10 
	Mixture of all without Mo-100 ppm
	0.99
	1.02
	1.00
	16.67
	19.00
	17.83
	16.80
	17.87
	17.33

	 T11 
	Mixture of all without Cu-100 ppm
	0.78
	0.87
	0.83
	17.67
	18.33
	18.00
	17.17
	17.31
	17.24

	 T12 
	Mixture of all without Fe-100 ppm
	1.21
	1.45
	1.33
	18.00
	16.00
	17.00
	16.77
	17.27
	17.02

	 T13 
	Mixture of all without Ca-100 ppm
	0.93
	0.93
	0.93
	18.67
	18.33
	18.50
	15.43
	17.56
	16.49

	 T14 
	Commercial formulation (Multiplex)-4ml/lit
	1.54
	1.61
	1.58
	21.33
	19.67
	20.50
	16.37
	15.87
	16.12

	SE. m (±)
	0.10
	0.08
	0.08
	0.54
	0.46
	0.38
	0.42
	0.70
	0.35

	CD0.05
	0.29
	0.23
	0.24
	1.55
	1.34
	1.11
	1.23
	2.02
	1.01



Table 3: Effect of Foliar Application of micronutrients on fruit firmness of tomato.
	Treatment Details
	Fruit firmness (kg/inches)

	
	2023-24
	2024-25
	Pooled Mean

	 T0 
	Control 
	2.16
	2.18
	2.17

	 T1 
	Boric acid- 100 ppm
	2.22
	2.86
	2.54

	 T2 
	Zinc sulphate -100 ppm
	2.39
	3.04
	2.72

	 T3 
	Copper sulphate -100 ppm
	2.46
	2.71
	2.58

	 T4 
	Ferrous sulphate-100 ppm
	2.28
	3.04
	2.66

	 T5 
	Calcium Nitrate-100 ppm
	2.97
	2.88
	2.92

	 T6 
	Ammonium molybdate-50 ppm
	3.07
	2.60
	2.84

	 T7 
	Mixture of all the micrunutrient-100 ppm
	3.41
	3.48
	3.45

	 T8 
	Mixture of all without B- 100 ppm
	3.31
	2.82
	3.06

	 T9 
	Mixture of all without Zn-100 ppm
	3.10
	3.05
	3.07

	 T10 
	Mixture of all without Mo-100 ppm
	2.79
	3.13
	2.96

	 T11 
	Mixture of all without Cu-100 ppm
	2.91
	3.34
	3.12

	 T12 
	Mixture of all without Fe-100 ppm
	3.08
	3.41
	3.25

	 T13 
	Mixture of all without Ca-100 ppm
	3.32
	3.25
	3.29

	 T14 
	Commercial formulation (Multiplex)-4ml/lit
	3.75
	3.84
	3.80

	SE. m (±)
	0.07
	0.07
	0.05

	CD0.05
	0.21
	0.20
	0.14 
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