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Abstract

	Foliar application of nutrients has emerged as a promising strategy to overcome these limitations, providing rapid and targeted delivery of essential elements directly to the plant. Nano-fertilizers, with their reduced particle size and high surface area, further enhance penetration and nutrient use efficiency, offering an innovative approach to improve plant growth and productivity. A field experiment was conducted over two consecutive cropping seasons (2022–23 and 2023–24) to assess the effects of foliar application of sulphate of potash (SOP) and nano urea on yield and yield-related traits of banana cultivated using tissue culture and sucker planting materials. Ten treatments comprising different concentrations of SOP and nano urea, applied individually and in combination, were evaluated under replicated field conditions. Foliar nutrient application significantly influenced all yield and fruit attributes across both seasons, with tissue culture plants consistently outperforming sucker plants. Among the treatments, the combined application of 1.5% SOP + 0.3% nano urea (T8) was the most effective in both years. This treatment produced the highest bunch weight in tissue culture plants (23.30 and 19.53 kg) and sucker plants (20.63 and 19.58 kg), along with the maximum bunch length (98.33 and 94.00 cm) in tissue culture and (95.00 and 90.67 cm) in sucker plants. T8 also recorded the highest hand weight (2.31 and 2.08 kg) in tissue culture and also (1.70 and 1.67 kg) in sucker plants, finger weight (168.00 and 164.00 g) in tissue culture,  (121.33 and 118.67 g) in sucker plants, finger length (23.00 and 19.67 cm) in tissue culture, (19.30 and 18.23 cm) in sucker plants, and number of fingers per hand (19.67 and 18.00) in tissue culture, (16.00 and 18.00) in sucker plants. The performance of T8 was followed by T9 (2% SOP + 0.4% nano urea) and T7 (1% SOP + 0.2% nano urea), which consistently produced significantly higher values than sole applications of SOP or nano urea. In contrast, the control treatment recorded the lowest values for all parameters evaluated. Overall, the results demonstrate a strong synergistic effect between potassium and nano nitrogen when applied in combination. Foliar application of 1.5% SOP + 0.3% nano urea is therefore recommended as an efficient and sustainable nutrient management strategy for enhancing yield and fruit quality of banana under the conditions of the present study.
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1. Introduction

Potassium is considered an important nutrient among the macronutrients for date palm growth and productivity (Chauhan et al., 2024). It is essential for the development of root and shoots, fruits, and leaves, as well as glucose production. It is essential for glucose generation, which is required for root and shoot development, fruit and leaf development, and nutrient absorption. It plays an important function in maintaining cell water content as well as the production and mobilisation of carbohydrates in plant tissues (Ullah Khan et al., 2022; Thakre et al., 2024, Walmsley & Twyford, 1968, Nalina, 2002, Ghosal et al., 2024). Banana (Musa spp.), often referred to as the "Apple of Paradise," is a major fruit crop cultivated extensively in tropical and subtropical regions, providing both food security and economic value (Arthi et al., 2023). Optimal banana growth and fruit development are highly dependent on adequate nutrient availability, particularly during the critical shooting and fruiting stages. Among macronutrients, potassium (K) plays a pivotal role in regulating plant growth, bunch formation, and fruit quality, often exceeding the requirements for nitrogen (N) and phosphorus (P). In India, K is applied at 800–1600 kg ha⁻¹ depending on soil status; however, the widespread use of Muriate of Potash (MOP) can induce chloride toxicity, adversely affecting yield and fruit quality. Sulphur (S) is another essential nutrient, required for amino acids such as methionine and cystine, which are fundamental for protein synthesis and overall plant metabolism.

Despite conventional soil fertilization practices, nutrient uptake during the post-shooting stage remains suboptimal, limiting bunch filling and finger development in many cultivars (Naya et al.,2024). Soil-applied fertilizers at this stage are often ineffective due to slow absorption, resulting in poor fruit development and reduced yield. Foliar application of nutrients has emerged as a promising strategy to overcome these limitations, providing rapid and targeted delivery of essential elements directly to the plant. Nano-fertilizers, with their reduced particle size and high surface area, further enhance penetration and nutrient use efficiency, offering an innovative approach to improve plant growth and productivity. While significant research has addressed nutrient management in field-grown banana, information regarding tissue culture-derived plants a rapidly expanding planting material in commercial banana cultivation remains scarce. Tissue culture plants may exhibit different nutrient demands and uptake dynamics compared to traditional sucker plants, particularly under intensive management systems.

In this context, the present study was undertaken to investigate the synergistic effect of foliar application of sulphate of potash (SOP) and nano urea on bunch and finger development in tissue culture-derived banana (cv. Grand Naine)( Amasiab et al., 2023). The study aims to provide insights into efficient nutrient management strategies to enhance yield, fruit quality, and overall productivity of banana under modern cultivation systems.

2. Materials and Methods
 
The study was conducted at the Horticultural Farm, Department of Horticulture and Postharvest Technology, Palli–Siksha Bhavana (Institute of Agriculture), Visva-Bharati, Sriniketan, West Bengal (23°42′ N, 87°40′30″ E; 40 m above sea level) during the 2022–23 and 2023–24 cropping seasons. The site experiences a sub-humid, subtropical climate, with hot summers and moderately cool, short winters. The soil is Gangetic alluvium with a loamy sand texture, pH 4.97, EC 0.28 dS m⁻¹, organic carbon 0.6%, and available N, P, and K of 237.44, 17.13, and 114.68 kg ha⁻¹, respectively.

The experiment employed a Randomized Block Design (RBD) with ten treatments and three replications. Tissue culture-derived banana plantlets (cv. Grand Naine) were transplanted in August at 1.5 × 1.5 m spacing into 50 × 50 × 50 cm pits. Treatments included foliar applications of SOP (1.0%, 1.5%, 2.0%), nano urea (0.2%, 0.3%, 0.4%), and their combinations (1.0% SOP + 0.2% nano urea, 1.5% SOP + 0.3% nano urea, 2.0% SOP + 0.4% nano urea), with water as control. Basal fertilizers (200 g N, 160 g P, 200 g K per plant) were applied at planting and one-month post-planting. Foliar sprays were administered at 3, 5, 7, and 9 months after planting, adhering to standard agronomic practices.

At harvest, bunch weight, including the peduncle up to the first bract leaf node above the first hand, was measured in kilograms. Total number of fingers per bunch was recorded, and three representative fingers from the middle positions of the top and bottom rows of the second hand were sampled per plant to determine average finger weight in grams and other quality attributes. All measurements were performed on randomly selected plants from each treatment to ensure statistical robustness.

2.1 Statistical Analysis

 The data recorded from the experiment were subjected to statistical analysis using the Randomized Block Design (RBD) with three replications. Mean differences were evaluated using the F-test at the 5% level of significance. Whenever the F-test indicated significant differences among treatments, the Critical Difference (CD) at the 5% level of significance was calculated to facilitate pairwise comparison of treatment means.

3. Result and Discussion 

Foliar application of sulphate of potash (SOP) in combination with nano urea significantly influenced bunch weight of banana in both tissue culture and sucker plants during the cropping seasons 2022–23 and 2023–24 (Table 1). Across all treatments and seasons, tissue culture plants consistently recorded higher bunch weight than sucker plants. In both years, treatment T8 (1.5% SOP + 0.3% nano urea) exhibited the highest bunch weight (23.30 and 19.53 kg) in tissue culture plants and (20.63 and 19.58 kg) in sucker plants during 2022–23 and 2023–24, respectively. This was followed by T9 (2% SOP + 0.4% nano urea), which recorded bunch weights (21.07 and 18.98 kg) in tissue culture plants and (19.07 and 18.23 kg) in sucker plants, and T7 (1% SOP + 0.2% nano urea), with            corresponding values (18.87 and 16.88 kg).                                         The superior performance of these treatments highlights the synergistic effect of combined SOP and nano urea application over their individual use.

Similarly, bunch length was significantly affected by foliar nutrient treatments in both years (Table 2). The maximum bunch length was consistently recorded under T8 (1.5% SOP + 0.3% nano urea), which produced the longest bunches in tissue culture plants (98.33 and 94.00 cm) during 2022–23 and 2023–24, respectively as well as in sucker plants (95.00 and 90.67 cm). This treatment was statistically superior to all other treatments. The next best performance was observed under T9 (2% SOP + 0.4% nano urea), recording bunch lengths (94.00 and 90.00 cm) in tissue culture plants and (89.00 and 84.00 cm) in sucker plants, followed by T7 (1% SOP + 0.2% nano urea), which resulted in bunch lengths (94.33 and 89.33 cm) in tissue culture plants and (93.33 and 89.33 cm) in sucker plants. These results further confirm the advantage of combined foliar application of SOP and nano urea over their sole applications.

Across both cropping years (2022–23 and 2023–24), the best performance in terms of weight of hands was recorded under T8 (1.5% SOP + 0.3% nano urea). This treatment produced the highest hand weight in tissue culture plants (2.31 and 2.08 kg during 2022–23 and 2023–24, respectively and in sucker plants (1.70 and 1.67 kg), and was statistically superior to all other treatments. The best treatment was followed by T9 (2% SOP + 0.4% nano urea), which recorded hand weights of (1.95 and 1.78 kg) in tissue culture plants and (1.53 and 1.49 kg) in sucker plants. This treatment was statistically inferior to T8 but significantly superior to the remaining treatments which was T7 (1% SOP + 0.2% nano urea), which resulted in hand weights (1.91 and 1.52 kg) in tissue culture plants and (1.50 and 1.56 kg) in sucker plants (Table 3).


Table 1. Effect of foliar application of SOP and Nano Urea on bunch weight (kg) on tissue culture and sucker plant during the cropping year 2022-23 and 2023-24

	Treatments
	Tissue culture plant*
	Sucker plant*

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1- 1 % SOP
	19.12
	15.95
	17.54
	17.12
	15.02
	16.07

	T2- 1.5% SOP
	19.80
	16.43
	18.11
	17.80
	15.68
	16.74

	T3- 2% SOP
	19.27
	16.36
	17.82
	17.27
	15.16
	16.22

	T4- 0. 2% Nano Urea
	18.57
	15.31
	16.94
	16.57
	14.57
	15.57

	T5-0. 3% Nano Urea
	18.10
	15.03
	16.56
	16.10
	14.15
	15.12

	T6-0. 4% Nano Urea
	18.06
	15.00
	16.53
	16.06
	13.92
	14.99

	T7- 1 % SOP + 0.2 % Nano Urea
	20.87
	18.20
	19.53
	18.87
	16.88
	17.88

	T8 - 1.5 % SOP + 0.3 % Nano Urea
	23.30
	19.53
	21.42
	20.63
	19.58
	20.11

	T9 - 2 % SOP + 0.4 % Nano Urea
	21.07
	18.98
	20.03
	19.07
	18.23
	18.65

	T10- Control
	16.07
	13.10
	14.59
	15.07
	14.24
	14.66

	C.D.
	2.69
	1.41
	2.07
	1.35
	1.66
	1.46

	S.E(m)±
	0.90
	0.47
	1.02
	0.45
	0.56
	0.72

	C.V.
	8.06
	5.01
	6.98
	4.49
	6.14
	5.30


*- Mean of three replications

Table 2. Effect of foliar application of SOP and Nano Urea on bunch length (cm) on tissue culture and sucker plant during the cropping year 2022-23 and 2023-24

	Treatments
	Tissue culture plant*
	Sucker plant*

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1- 1 % SOP
	84.00
	79.33
	81.67
	82.00
	79.00
	80.50

	T2- 1.5% SOP
	89.67
	86.00
	87.83
	88.00
	84.33
	86.17

	T3- 2% SOP
	86.33
	82.67
	84.50
	85.00
	80.00
	82.50

	T4- 0. 2% Nano Urea
	84.67
	81.00
	82.83
	80.67
	76.67
	78.67

	T5-0. 3% Nano Urea
	83.33
	80.00
	81.67
	80.33
	76.33
	78.33

	T6-0. 4% Nano Urea
	75.00
	74.33
	74.67
	74.33
	70.33
	72.33

	T7- 1 % SOP + 0.2 % Nano Urea
	94.33
	89.33
	91.83
	93.33
	89.33
	91.33

	T8 - 1.5 % SOP + 0.3 % Nano Urea
	98.33
	94.00
	96.17
	95.00
	90.67
	92.83

	T9 - 2 % SOP + 0.4 % Nano Urea
	94.00
	90.00
	92.00
	89.00
	84.00
	86.50

	T10- Control
	68.33
	65.00
	66.67
	71.00
	66.00
	68.50

	C.D.
	6.24
	5.97
	5.89
	7.95
	7.45
	7.44

	S.E(m)±
	2.10
	2.01
	2.91
	2.65
	2.51
	3.67

	C.V.
	4.24
	4.24
	4.24
	5.53
	5.45
	5.49


*- Mean of three replications

Table 3. Effect of foliar application of SOP and Nano Urea on weight of hands (kg) on tissue culture and sucker plant during the cropping year 2022-23 and 2023-24

	Treatments
	Tissue culture plant*
	Sucker plant*

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1- 1 % SOP
	1.39
	1.34
	1.36
	1.26
	1.25
	1.26

	T2- 1.5% SOP
	1.70
	1.48
	1.59
	1.30
	1.34
	1.32

	T3- 2% SOP
	1.70
	1.29
	1.50
	1.39
	1.42
	1.41

	T4- 0. 2% Nano Urea
	1.50
	1.30
	1.40
	1.28
	1.27
	1.27

	T5-0. 3% Nano Urea
	1.42
	1.23
	1.32
	1.09
	1.09
	1.09

	T6-0. 4% Nano Urea
	1.14
	1.10
	1.12
	1.02
	1.05
	1.04

	T7- 1 % SOP + 0.2 % Nano Urea
	1.91
	1.52
	1.71
	1.50
	1.56
	1.53

	T8 - 1.5 % SOP + 0.3 % Nano Urea
	2.31
	2.08
	2.19
	1.70
	1.67
	1.69

	T9 - 2 % SOP + 0.4 % Nano Urea
	1.95
	1.78
	1.87
	1.53
	1.49
	1.51

	T10- Control
	1.05
	0.98
	1.02
	0.97
	1.02
	1.00

	C.D.
	0.06
	0.31
	0.22
	0.03
	0.05
	0.04

	S.E(m)±
	0.02
	0.11
	0.11
	0.07
	0.02
	0.02

	C.V.
	2.11
	6.96
	8.71
	1.22
	2.33
	1.87


*- Mean of three replications
Table 4. Effect of foliar application of SOP and Nano Urea on weight of finger (gm) on tissue culture and sucker plant during the cropping year 2022-23 and 2023-24

	Treatments
	Tissue culture plant*
	Sucker plant*

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1- 1 % SOP
	82.67
	80.33
	81.50
	89.33
	87.33
	88.33

	T2- 1.5% SOP
	85.00
	83.00
	84.00
	107.00
	105.33
	106.17

	T3- 2% SOP
	127.00
	123.33
	125.17
	80.33
	80.00
	80.17

	T4- 0. 2% Nano Urea
	89.00
	89.67
	89.33
	93.00
	89.67
	91.33

	T5-0. 3% Nano Urea
	86.00
	85.00
	85.50
	80.00
	80.00
	80.00

	T6-0. 4% Nano Urea
	71.33
	70.00
	70.67
	84.00
	84.67
	84.33

	T7- 1 % SOP + 0.2 % Nano Urea
	155.67
	152.67
	154.17
	117.33
	115.00
	116.17

	T8 - 1.5 % SOP + 0.3 % Nano Urea
	168.00
	164.00
	166.00
	121.33
	118.67
	120.00

	T9 - 2 % SOP + 0.4 % Nano Urea
	167.00
	161.33
	164.17
	100.33
	96.00
	98.17

	T10- Control
	49.00
	47.00
	48.00
	64.67
	62.67
	63.67

	C.D.
	2.65
	3.21
	2.84
	3.90
	3.83
	3.73

	S.E(m)±
	0.89
	1.77
	1.40
	1.31
	1.27
	1.84

	C.V.
	1.43
	1.08
	1.60
	2.43
	2.43
	2.43


*- Mean of three replications

Table 5. Effect of foliar application of SOP and Nano Urea on finger length (cm) on tissue culture and sucker plant during the cropping year 2022-23 and 2023-24

	Treatments
	Tissue culture plant*
	Sucker plant*

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1- 1 % SOP
	14.87
	14.20
	14.53
	14.23
	14.07
	14.15

	T2- 1.5% SOP
	14.17
	13.57
	13.87
	13.23
	13.03
	13.13

	T3- 2% SOP
	16.30
	15.30
	15.80
	15.23
	15.13
	15.18

	T4- 0. 2% Nano Urea
	15.40
	14.87
	15.13
	14.57
	14.47
	14.52

	T5-0. 3% Nano Urea
	14.60
	14.17
	14.38
	14.07
	13.83
	13.95

	T6-0. 4% Nano Urea
	14.20
	13.93
	14.07
	13.90
	13.80
	13.85

	T7- 1 % SOP + 0.2 % Nano Urea
	18.87
	17.90
	18.38
	17.57
	17.17
	17.37

	T8 - 1.5 % SOP + 0.3 % Nano Urea
	23.00
	19.67
	21.33
	19.30
	18.23
	18.77

	T9 - 2 % SOP + 0.4 % Nano Urea
	20.17
	18.53
	19.35
	18.23
	17.53
	17.88

	T10- Control
	13.60
	13.50
	13.55
	12.37
	11.63
	12.00

	C.D.
	1.19
	1.32
	1.21
	1.50
	0.95
	1.21

	S.E(m)±
	0.40
	0.44
	0.60
	0.50
	0.32
	0.60

	C.V.
	4.20
	4.94
	4.56
	5.72
	3.73
	4.86


*- Mean of three replications

Table 6. Effect of foliar application of SOP and Nano Urea on number of fingers per hands on tissue culture and sucker plant during the cropping year 2022-23 and 2023-24

	Treatments
	Tissue culture plant*
	Sucker plant*

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1- 1 % SOP
	14.33
	13.33
	13.83
	13.33
	13.33
	13.33

	T2- 1.5% SOP
	14.33
	14.00
	14.17
	13.33
	14.00
	13.67

	T3- 2% SOP
	11.33
	12.67
	12.00
	14.00
	12.67
	13.33

	T4- 0. 2% Nano Urea
	13.67
	13.67
	13.67
	14.67
	13.67
	14.17

	T5-0. 3% Nano Urea
	15.00
	15.00
	15.00
	16.33
	15.00
	15.67

	T6-0. 4% Nano Urea
	15.33
	15.00
	15.17
	14.00
	15.00
	14.50

	T7- 1 % SOP + 0.2 % Nano Urea
	17.33
	16.67
	17.00
	14.33
	16.67
	15.50

	T8 - 1.5 % SOP + 0.3 % Nano Urea
	19.67
	18.00
	18.83
	16.00
	18.00
	17.00

	T9 - 2 % SOP + 0.4 % Nano Urea
	15.33
	15.67
	15.50
	15.00
	15.67
	15.33

	T10- Control
	12.33
	11.67
	12.00
	11.67
	11.67
	11.67

	C.D.
	1.59
	1.69
	1.58
	1.66
	1.69
	1.62

	S.E(m)±
	0.53
	0.57
	0.78
	0.56
	0.57
	0.80

	C.V.
	6.51
	6.78
	6.65
	6.58
	6.78
	6.79


*- Mean of three replications

In both years, the maximum finger weight was consistently recorded under T8 (1.5% SOP + 0.3% nano urea) in (Table 4). This treatment produced the highest finger weight in tissue culture plants (168.00 and 164.00 g) during 2022–23 and 2023–24, respectively. and in sucker plants (121.33 and 118.67 g), and was statistically superior to all other treatments. The response under T8 was followed by T9 (2% SOP + 0.4% nano urea) and T7 (1% SOP + 0.2% nano urea). In tissue culture plants, T9 recorded pooled finger weight of 164.17 g, closely followed by T7 (154.17 g), whereas in sucker plants, T7 (116.17 g) performed better than T9 (98.17 g). These treatments were significantly superior to individual applications of SOP or nano urea. Among the sole nutrient applications, 2% SOP (T3) resulted in comparatively higher finger weight in tissue culture plants, whereas 1.5% SOP (T2) recorded the highest finger weight among single treatments in sucker plants. Treatments receiving nano urea alone were less effective. The lowest finger weight during both years was consistently observed in the control (T10), with pooled means of 48.00 g in tissue culture plants and 63.67 g in sucker plants. The low coefficients of variation and significant critical difference values indicate good experimental precision. 

In both years, the maximum finger length was recorded under T8 (1.5% SOP + 0.3% nano urea). This treatment produced the longest fingers in tissue culture plants (23.00 and 19.67 cm) during 2022–23 and 2023–24, respectively and in sucker plants (19.30 and 18.23 cm) and was statistically superior to all other treatments in (Table 5). The response under T8 was followed by T9 (2% SOP + 0.4% nano urea) and T7 (1% SOP + 0.2% nano urea) in both planting materials and seasons. In tissue culture plants, T9 and T7 recorded pooled finger lengths (19.35 cm and 18.38 cm), respectively, while in sucker plants the corresponding pooled values were (17.88 cm and 17.37 cm). These treatments were significantly superior to sole applications of SOP or nano urea. Among the individual nutrient treatments, 2% SOP (T3) resulted in comparatively longer fingers in both tissue culture (15.80 cm) and sucker plants (15.18 cm) than other single-dose treatments. Nano urea–alone treatments showed moderate effects on finger length. The lowest finger length in both years was consistently observed under the control (T10), with pooled means of 13.55 cm in tissue culture plants and 12.00 cm in sucker plants. 
In both years, the maximum number of fingers per hand was consistently recorded under T8 (1.5% SOP + 0.3% nano urea). This treatment produced the highest number of fingers in tissue culture plants (19.67 and 18.00) during 2022–23 and 2023–24, respectively as well as in sucker plants (16.00 and 18.00) and was statistically superior to all other treatments. The best treatment was followed by T7 (1% SOP + 0.2% nano urea) and T9 (2% SOP + 0.4% nano urea). In tissue culture plants, T7 and T9 recorded pooled means of 17.00 and 15.50 fingers per hand, respectively, while in sucker plants the corresponding pooled values were 15.50 and 15.33. These treatments were significantly superior to the control and most sole nutrient applications. Among the individual applications, nano urea at 0.3% (T5) and 0.4% (T6) resulted in relatively higher numbers of fingers per hand compared with individual SOP treatments. The lowest number of fingers per hand in both years was recorded in the control (T10), with pooled means of 12.00 in tissue culture plants and 11.67 in sucker plants. 

The results of the present investigation are in close agreement with earlier studies highlighting the beneficial role of combined potassium and nitrogen nutrition on banana yield and fruit attributes. Devkate et al., (2018) reported significantly superior yield and yield-attributing characters in banana with foliar application of 2% SOP + 1% urea, recording the maximum number of fingers per bunch (181.89), finger length (17.87 cm), finger weight (142.41 g), bunch weight (25.91 kg), number of hands per bunch (9.00), number of fingers per hand (21.83) and overall yield (115.17 t ha⁻¹). These findings corroborate the present study, wherein combined application of SOP and nano urea, particularly 1.5% SOP + 0.3% nano urea (T8), resulted in markedly higher bunch weight (23.30–19.53 kg), finger weight (168.00–164.00 g), finger length (23.00–19.67 cm) and number of fingers per hand (19.67–18.00) compared with individual nutrient treatments and the control. The positive influence of nano urea on fruit growth has also been demonstrated in other fruit crops. Balyan et al., (2024) observed that foliar application of nano urea @ 2.0 ml l⁻¹ significantly improved fruit weight (67.90 g), fruit length (52.72 mm) and fruit breadth (47.36 mm) in acid lime, indicating enhanced nutrient use efficiency and assimilate translocation. Similarly, Ganvit et al., (2024) reported that application of 100% recommended dose of nitrogen (RDN) along with 0.4% nano urea in custard apple produced the highest number of fruits per tree (86.93), fruit yield per tree (15.27 kg) and fruit yield per hectare (4.23 t ha⁻¹), concluding that nano urea plays a vital role in improving productivity through efficient nitrogen delivery. Comparable results were also reported by Rathour et al., (2024) in litchi, where nano urea @ 2.0 ml l⁻¹ recorded maximum fruit weight (19.20 g), fruit length (4.12 cm) and fruit breadth (3.71 cm), further supporting the role of nano nitrogen in improving fruit size and quality. In banana, Kumar et al., (2008) demonstrated that post-shooting foliar application of SOP at 1.5% significantly enhanced bunch weight (31.97 kg), number of hands per bunch (10.00), total number of fingers (188.70) and finger weight (167.30 g), emphasizing the critical role of potassium during the fruit development stage. The collective evidence from the present study and previous reports clearly indicates that foliar application of potassium in sulphate form, when combined with nano urea, improves nutrient uptake, photosynthate translocation and sink strength during the post-shooting phase. This synergistic effect ultimately results in improved bunch development, finger growth and yield attributes in banana, particularly in tissue culture-derived plants. Similar reported by Ramalingappa, et al., (2025) in Indian spinach.

4. Conclusion 

Foliar application of sulphate of potash (SOP) in combination with nano urea markedly enhanced bunch and yield-attributing characters of banana across two consecutive cropping seasons (2022–23 and 2023–24). Tissue culture plants consistently outperformed sucker plants, indicating superior growth and nutrient-use efficiency of tissue-cultured material under foliar nutrient management. Among all treatments, the combined application of 1.5% SOP + 0.3% nano urea (T8) proved optimal, recording significantly higher bunch weight, bunch length, hand weight, finger weight, finger length and number of fingers per hand in both planting materials and years. Treatments T9 (2% SOP + 0.4% nano urea) and T7 (1% SOP + 0.2% nano urea) ranked next, but remained statistically inferior to T8 for most traits. Sole applications of SOP were moderately effective, whereas nano urea alone showed limited influence on yield components, and the control consistently recorded the poorest performance. Overall, the results demonstrate a clear synergistic effect of SOP and nano urea when applied together, highlighting 1.5% SOP + 0.3% nano urea as a balanced, efficient and agronomically superior foliar nutrient strategy for improving productivity and fruit quality of banana under the given agro-climatic conditions.
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