Effect of Nano Boron and Conventional Boron Sources on Growth, Yield and Leaf Boron Content of Tomato cv. Anand Roma


ABSTRACT:

Boron is an essential element which is involved in the uptake of water and metabolism. Several sources of boron are available for agricultural use, including borax, boric acid, and advanced formulations such as nano-boron. The study aims to explore the influence of nano boron and different sources of boron on growth, yield and boron status in leaf of tomato cv. Anand roma. The field experiment was conducted during the Kharif-rabi season of 2023-24 and 2024-25 at Horticulture Research Farm, B. A. College of Agriculture, Anand Agricultural University, Anand, Gujarat. The experiment was laid out in a Randomised Block Design with three replications. The data obtained from various observations were tabulated and subjected to statistical analysis using analysis of variance (ANOVA). The experiment was comprised of nine treatments viz., T1: Absolute control, T2: Foliar spray of borax @ 0.2 %, T3: Foliar spray of boric acid @ 0.2 %, T4: Foliar spray of nano boron @ 100 ppm, T5: Foliar spray of nano boron @ 200 ppm, T6: Foliar spray of nano boron @ 300 ppm, T7: Foliar spray of nano boron @ 400 ppm, T8: Soil application of 1 kg boron through borax, T9: Soil application of 1 kg boron through boric acid. The foliar spray was done at 40, 55 and 70 DATP. The higher value of Plant height (109.16 and 117.93 cm) at 65 and 80 DATP, respectively, equatorial diameter (4.83 cm) and polar diameter of fruit (7.71 cm), no. of fruits per plant (33.76), average fruit weight (85.14 g), fruit yield per ha (432.21 q/ha) and total B content in leaf after one week of 3rd spray (36.62 mg/kg) was recorded with treatment T4 (Foliar spray of nano boron @ 100 ppm) in pooled analysis. The maximum no. of primary branches per plant (6.49, 10.25 and 12.80), leaf area (146.11, 168.33 and 190.45 cm2 /plant) and leaf area index (0.027, 0.031 and 0.035) at 50, 65 and 80 DATP, respectively, was found in treatment T5 (Foliar spray of nano boron @ 200 ppm) in pooled analysis. From the present investigation, it can be concluded that among different sources of boron, foliar spray of nano boron @ 100 ppm or borax @ 0.2 % at 40, 55 and 70 DATP observed maximum growth and yield parameters, while foliar spray of nano boron @ 100 ppm observed maximum boron content in tomato leaf. 
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1. INTRODUCTION
Tomato (Lycopersicon esculentum Mill.), is a member of the Solanaceae family, has a chromosome number of 2n = 24 and is a self-pollinating crop. Tomato is one of the most important vegetable crops grown throughout the world because of its wider adaptability, high-yielding potential and suitability to different agroclimatic conditions.
On account of demand, the tomato is being cultivated throughout the year. Due to intensive cultivation, many micronutrient deficiency disorders were observed, which resulted in great loss in yields and quality. The cultivated tomato has a low genetic diversity due to its intensive selection and severe genetic bottlenecks that arose during evolution and domestication. For these reasons, the tomato is more prone to a high disease incidence, and during cultivation and the post-harvest period, it can be affected by more than 200 diseases caused by different pathogens throughout the world (Panno et al., 2021). Boron is one of the important micronutrients which help in carbohydrate metabolism, protein synthesis, increased flower production and retention, seed and fruit development by maintaining the membrane integrity and cell wall development (Tripathi et al., 2015). It increases the rate of transport of sugars to actively growing regions and also in developing fruits. It is essential to provide sugars which are needed for root growth in all plants. Boron is also an essential element which is involved in the uptake of water and metabolism (Haque et al. 2011).
Several sources of boron are available for agricultural use, including borax, boric acid, and advanced formulations such as nano-boron. Boron increases cell division, cell elongation, cell wall strength, flowering, pollination, seed set, and sugar translocation in crop plants, as well as their development and nutrition.  The propensity of boron to form complexes with chemicals with cis-diol structures is the most important role of boron in plant growth and development (Govinda et al., 2021; Yadav et al., 2023). Borax (sodium borate) is widely used as a boron source in agriculture due to its water solubility. It can be applied either to the soil or as a foliar spray. Boric acid is another widely used form of boron in agriculture, known for its high solubility in water. This property makes it ideal for both foliar applications and soil incorporation. As a foliar spray, it is particularly effective during critical stages like flowering and fruiting, allowing the plant to quickly absorb boron through the leaves to address deficiency symptoms.
Nano fertilisers are a new generation of synthetic fertilisers which contain readily available nutrients on the nano scale. Particle size of nano fertilisers may be 100 nanometers or smaller. Due to their small size, high surface to volume ratio and distinctive optical properties, they are preferred largely due to their efficiency and environmentally friendly nature as compared to conventional fertilisers.
Nano fertilisers may increase the efficiency of nutrient uptake, enhance yield and nutrient content in the edible parts and also minimise their accumulation in the soil. Nanotechnology in vegetable production has many applications, such as enhancing seed germination, seedling development, biotic and abiotic stress detection and management, and yield and quality enhancement.
2. MATERIALS AND METHODS
An experiment was conducted at Horticulture Research Farm, Department of Horticulture, B. A. College of Agriculture, Anand Agricultural University, Anand, in the kharif-rabi season of 2023-24 and 2024-25. In the present investigation, the Anand Roma (GAT-8) variety of tomato was taken. This variety was released by the Main Vegetable Research Station, A.A.U., Anand, Gujarat, in 2021. The present experiment was laid out in a Randomised Block Design with three replications. The experimental plot was prepared by deep ploughing and harrowing. Well-decomposed FYM at a rate of 15 t/ha was incorporated into the field during field preparation. The recommended fertiliser dose of 100:50:50 kg/ha NPK was given. Transplanting of the seedling was done at a spacing of 90 × 60 cm. The various treatments followed for the experiment were as under T1: Absolute control, T2: Foliar spray of borax @ 0.2 %, T3: Foliar spray of boric acid @ 0.2 %, T4: Foliar spray of nano boron @ 100 ppm, T5: Foliar spray of nano boron @ 200 ppm, T6: Foliar spray of nano boron @ 300 ppm, T7: Foliar spray of nano boron @ 400 ppm, T8: Soil application of 1 kg boron through borax, T9: Soil application of 1 kg boron through boric acid. Three sprays of borax 0.2%, boric acid 0.2% and boron nanoparticles (as per treatment) were done at 40, 55 and 70 days after transplanting. 
 The five plants per treatment were randomly tagged, and observations regarding growth, yield and nutrient analysis were recorded. The data were recorded on plant height (cm) at 50, 65 and 80 DATP and No. of primary branches, leaf area (cm2), leaf area index at 50, 65 and 80 DATP. The equatorial and polar diameter of the fruit was recorded at the time of the 3rd picking. The boron content of the leaf was measured one week after the 3rd spray. Plant height was measured in centimetres using a measuring tape, starting from the base of the stem at ground level to the longest growing tip of the main shoot. The average plant height was then calculated. The number of primary branches emerging from the main stem was counted, and the average number of primary branches per plant for each treatment was calculated. To calculate leaf area, five plants were uprooted from the border rows of each net plot. Leaf area was recorded with the help of a digital leaf area meter (SYSTRONICS-211 model) in the laboratory of the Regional Research Station, AAU, Anand. Finally, the average value of leaf area per plant was worked out and expressed in square centimetres. Leaf Area Index (LAI) was calculated by using the following formula given by Watson (1952), LAI = Leaf area (cm2) / Land area (cm2). The number of fruits per plant was recorded at each picking from five previously selected plants, and the average number of fruits per plant was calculated. At 3rd picking, five fruits from each randomly selected plant were taken for measurement. For equatorial diameter, each fruit was placed on a flat surface and the widest horizontal distance across the centre (equator) of the fruit was measured with a digital calliper and expressed in cm For polar diameter, the measurement was taken from the stem end to the blossom end in cm. Fruits were harvested from each tagged plant during each picking, and ten fruits were weighed using a weighing balance. The average fruit weight was then calculated and expressed in grams. The total weight of harvested fruits from each picking in individual net plots was calculated and converted to quintals per hectare. Total boron in leaf was measured by using the Azomethine-H method, as described by Hatcher and Wilcox (1950). The data obtained from various observations were tabulated and subjected to statistical analysis using analysis of variance (ANOVA). Pooled analysis over the years was performed following the procedures outlined by Panse and Sukhatme (1967).
3. Result and Discussion
Growth parameters
Plant height at 50 DATP found non significant where as treatment T4 (Foliar spray of nano boron @ 100 ppm) recorded significantly higher plant height (109.16 and 117.93 cm) at 65 and 80 DATP which was found statistically at par with treatment T5 (Foliar spray of nano boron @ 200 ppm), T2 (Foliar spray of borax @ 0.2 %) and T3 (Foliar spray of boric acid @ 0.2 %) (Table1). This might be due to the fact that adequate boron availability ensures proper cell division and elongation, contributing to increased plant height. These findings are in agreement with the results reported by Patil et al. (2008) and Rahman et al. (2023) in tomato. Similar results are reported by Rios et al. (2021) in almond and Noaema et al. (2019) in faba bean by application of nano boron. 
Maximum no. of primary branches per plant (6.49, 10.25 and 12.83) at 50, 65 and 80 DATP, respectively was observed with treatment T5 (Foliar spray of nano boron @ 200 ppm) which was found statistically at par with treatment T4 (Foliar spray of nano boron @ 100 ppm) at 50 and 65 DATP and with T4 (Foliar spray of nano boron @ 100 ppm), T2 (Foliar spray of borax @ 0.2 %) and T3 (Foliar spray of boric acid @ 0.2 %) at 80 DATP (Table 1). Rios et al. (2021) reported that nano boron treatments can upregulate aquaporins, the proteins responsible for facilitating water movement in plants, thereby boosting overall physiological performance in almond.
Maximum leaf area (146.11, 168.33 and 190.45 cm2) at 50, 65 and 80 DATP, respectively, was observed with treatment T5 (Foliar spray of nano boron @ 200 ppm), which was found statistically at par with treatment T4 (Foliar spray of nano boron @ 100 ppm) and T2 (Foliar spray of borax @ 0.2 %). Maximum leaf area index (0.027, 0.031 and 0.035) at 50, 65 and 80 DATP, respectively, was observed with treatment T5 (Foliar spray of nano boron @ 200 ppm), which was found statistically at par with treatment T4 (Foliar spray of nano boron @ 100 ppm) (Table 2). This might be due to the use of nano-encapsulated boron increases its bioavailability and absorption by plants, leading to improved leaf expansion and a larger leaf area compared to traditional boron applications. Comparable findings were reported by Mohsen et al. (2016) in maize and Kavitha et al. (2017) in sunflower.
Yield parameters
 The maximum fruit equatorial diameter (4.83 cm) and the highest polar diameter (7.71 cm) were obtained with treatment T4 (foliar application of nano boron @ 100 ppm), which was statistically at par with T2 (Foliar spray of borax @ 0.2%) and T3 (Foliar spray of boric acid @ 0.2%) (Table 3). Boron plays a key role in the cell wall formation, cell division, absorption and translocation of carbohydrates to storage organs, which in turn contributes to an increase in fruit diameter. The result is in conformity with the findings of Meena (2010) and Haque et al. (2011) in tomato.
 The highest number of fruits per plant (33.76), maximum average fruit weight (85.14 g) and fruit yield per ha (432.21 q) were recorded with treatment T4 (Foliar spray of nano boron @ 100 ppm), which was statistically at par with treatments T2 (Foliar spray of borax @ 0.2%) (Table 3). This could be attributed to boron's role in enhancing the partitioning of photosynthates from source to sink, increasing stigma receptivity and facilitating sugar translocation, which collectively support better pollen germination and fertilisation, which in turn leads to an increase in both the number and weight of fruits, ultimately improving fruit set. Similar results were reported by Meena (2010), Haque et al. (2011) in tomato and Suganiya and Kumuthini (2014) in brinjal. Increases in fruit yield due to foliar application of nano boron have been found in pomegranate (Davarpanah et al. 2016).
Boron status in leaf
Maximum total B content in leaf after one week of 3rd spray (36.62 mg/kg) was found in the treatment T4 (Foliar spray of nano boron @ 100 ppm) (Table 3). The increased boron concentration in plant leaves might be due to a lower concentration of nano boron, which enhanced the plant's absorption efficiency, resulting in greater accumulation in the leaves. This observation is consistent with the findings of Davarpanah et al. (2016) in pomegranate








Table 1: Influence of nano boron and different sources of boron on growth parameters of tomato 
	Treatments
	Plant height (cm)
	No. of primary branches

	
	50 DATP
	65 DATP
	80 DATP
	50 DATP
	65 DATP
	80 DATP

	T1
	Absolute control
	90.15
	94.37
	99.89
	4.32
	7.56
	9.75

	T2 
	Foliar spray of borax @ 0.2 %
	100.21
	106.54
	112.71
	5.74
	9.49
	12.68

	T3 
	Foliar spray of boric acid @ 0.2 %
	97.95
	104.47
	111.97
	5.55
	9.05
	11.87

	T4 
	Foliar spray of nano boron @ 100 ppm
	103.01
	109.16
	117.93
	6.39
	9.85
	12.20

	T5
	Foliar spray of nano boron @ 200 ppm
	101.28
	107.54
	115.87
	6.49
	10.25
	12.83

	T6
	Foliar spray of nano boron @ 300 ppm
	94.54
	99.25
	102.85
	4.66
	8.04
	10.17

	T7 
	Foliar spray of nano boron @ 400 ppm
	92.19
	97.47
	97.82
	3.57
	7.34
	9.07

	T8
	Soil application of 1 kg boron through borax
	97.57
	101.11
	107.42
	5.24
	8.68
	10.83

	T9 
	Soil application of 1 kg boron through boric acid
	96.14
	99.88
	103.43
	4.92
	8.64
	10.24

	S.Em.±
	Y
	1.33
	0.93
	1.12
	0.09
	0.12
	0.19

	
	T
	2.85
	1.98
	2.38
	0.19
	0.26
	0.40

	
	Y×T
	4.03
	2.81
	3.37
	0.28
	0.36
	0.57

	C.D.at5 %
	Y
	NS
	NS
	3.24
	0.26
	0.35
	0.55

	
	T
	NS
	5.72
	6.87
	0.57
	0.75
	1.17

	
	Y×T
	NS
	NS
	NS
	NS
	NS
	NS

	CV %
	
	7.20
	4.76
	5.42
	9.33
	7.29
	9.02


Table 2: Influence of nano boron and different sources of boron on growth parameters of tomato 
	Treatments
	Leaf area (cm2)
	Leaf area index

	
	50 DATP
	65 DATP
	80 DATP
	50 DATP
	65 DATP
	80 DATP

	T1
	Absolute control
	121.79
	135.88
	153.83
	0.022
	0.025
	0.028

	T2 
	Foliar spray of borax @ 0.2 %
	137.26
	155.58
	176.54
	0.025
	0.028
	0.032

	T3 
	Foliar spray of boric acid @ 0.2 %
	131.89
	148.79
	170.63
	0.024
	0.027
	0.031

	T4 
	Foliar spray of nano boron @ 100 ppm
	141.15
	161.79
	181.71
	0.026
	0.029
	0.033

	T5
	Foliar spray of nano boron @ 200 ppm
	146.11
	168.33
	190.45
	0.027
	0.031
	0.035

	T6
	Foliar spray of nano boron @ 300 ppm
	123.07
	138.32
	157.12
	0.022
	0.025
	0.029

	T7 
	Foliar spray of nano boron @ 400 ppm
	118.09
	132.77
	145.63
	0.021
	0.024
	0.027

	T8
	Soil application of 1 kg boron through borax
	125.46
	142.62
	165.74
	0.023
	0.026
	0.030

	T9 
	Soil application of 1 kg boron through boric acid
	124.95
	139.98
	162.09
	0.023
	0.026
	0.030

	S.Em.±
	Y
	1.68
	2.09
	2.28
	0.0003
	0.0003
	0.0004

	
	T
	3.56
	4.45
	4.85
	0.0006
	0.0008
	0.0008

	
	Y×T
	5.04
	6.29
	6.86
	0.0009
	0.001
	0.001

	C.D.at5 %
	Y
	NS
	NS
	NS
	NS
	NS
	NS

	
	T
	10.26
	12.82
	13.99
	0.001
	0.002
	0.002

	
	Y×T
	NS
	NS
	NS
	NS
	NS
	NS

	CV %
	
	6.71
	7.41
	7.12
	6.71
	7.44
	7.10


Table 3: Influence of nano boron and different sources of boron on yield parameters and nutrient content in leaf of tomato 
	Treatments
	Fruit equatorial diameter
(cm)
	Fruit polar diameter
(cm)
	No. of fruits per plant
	Average fruit weight
(g)
	Fruit yield (q/ha)
	Total B (mg/kg)

	T1
	Absolute control
	3.63
	6.55
	24.36
	62.72
	310.48
	16.58

	T2 
	Foliar spray of borax @ 0.2 %
	4.58
	7.53
	30.72
	78.18
	413.95
	31.78

	T3 
	Foliar spray of boric acid @ 0.2 %
	4.50
	7.43
	29.01
	74.10
	381.24
	32.82

	T4 
	Foliar spray of nano boron @ 100 ppm
	4.83
	7.71
	33.76
	85.14
	432.21
	36.62

	T5
	Foliar spray of nano boron @ 200 ppm
	4.31
	7.22
	27.99
	73.76
	366.94
	31.10

	T6
	Foliar spray of nano boron @ 300 ppm
	3.86
	6.82
	26.53
	71.07
	339.78
	29.26

	T7 
	Foliar spray of nano boron @ 400 ppm
	3.81
	6.69
	25.06
	70.46
	333.86
	27.79

	T8
	Soil application of 1 kg boron through borax
	4.29
	7.15
	27.15
	71.95
	354.19
	23.70

	T9 
	Soil application of 1 kg boron through boric acid
	3.94
	7.01
	26.87
	71.54
	346.51
	22.65

	S.Em.±
	Y
	0.05
	0.04
	0.58
	1.98
	6.59
	0.19

	
	T
	0.12
	0.10
	1.24
	2.54
	13.99
	0.40

	
	Y×T
	0.17
	0.14
	1.75
	3.59
	19.79
	0.57

	C.D.at5 %
	Y
	0.16
	NS
	NS
	NS
	19.00
	0.55

	
	T
	0.34
	0.29
	3.57
	7.32
	40.32
	1.16

	
	Y×T
	NS
	NS
	NS
	NS
	NS
	NS

	CV %
	
	7.03
	3.55
	10.87
	8.50
	9.41
	3.54



4. Conclusion
From the present investigation, it can be concluded that among different sources of boron, foliar spray of nano boron @ 100 ppm or borax @ 0.2 % at 40, 55 and 70 DATP observed maximum growth and yield parameters, while foliar spray of nano boron @ 100 ppm observed maximum boron content in tomato leaf. 
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