



Effect of nano DAP on productivity and profitability of mungbean [Vigna radiata (L.) Wilczek]. 
ABSTRACT : The field experiment was conducted during the Kharif 2023 and 2024 at the Main Agricultural Research Station, University of Agricultural Sciences, Dharwad, Karnataka, to evaluate the effect of Nano DAP on the productivity and profitability of mungbean [Vigna radiata (L.) Wilczek]. The experiment was laid out in a Randomized Complete Block Design (RCBD) with seven treatments with three replications. Foliar nutrient applications were administered at two critical growth stages, namely pre-flowering and pod initiation. (Days mention) Among the different treatments, the application of 100% Recommended Dose of Phosphorus (RDP) combined with foliar spray of Nano DAP @ 2 ml/l at 25 days after sowing (DAS) and 40 DAS (1 litre per hectare) demonstrated superior performance. This treatment significantly enhanced growth parameters such as plant height, number of branches per plant, number of pods per plant, number of seeds per pod, and test weight compared to the control and other treatments values of parameters. Consequently, it recorded the highest seed yield. Economic analysis further revealed that the same treatment achieved higher gross monetary returns (₹66,855 ha⁻¹), net monetary returns (₹94,049 ha⁻¹), and a benefit–cost ratio of 4.28, indicating its economic viability. Based on the results, the combined application of 100% RDP with foliar Nano DAP at critical growth stages can be recommended as an effective strategy for enhancing mungbean productivity and profitability under rainfed conditions of      name of region.
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1. INTRODUCTION 

Mungbean [Vigna radiata (L.) Wilczek] is an important leguminous pulse crop, valued globally for its nutritional and economic significance (Kebede, 2021). In India, it has been widely adapted to varied agro-climatic conditions and utilized for multiple purposes, including as a vegetable, pulse, fodder, and green manure (Kumar et al. 2021; Banotra et al. 2021; Kumawat et al. 2022). Additionally, it plays a vital role in improving soil fertility through biological nitrogen fixation (Meena and Kumhar 2017; Bahadari et al. 2020). However, despite its wide adaptability, mungbean productivity remains low, largely due to inadequate management practices, inherent crop limitations, and physiological constraints (Athnere et al. 2021). Research in nanotechnology may provide long-term solutions to significant problems faced by modern day intensive agriculture. Nanotechnology has provided the feasibility of exploring nanoscale or nanostructured materials as fertilizer carrier or controlled-release vectors for building of the so-called smart fertilizers as new facilities to enhance the nutrient use efficiency and reduce the cost of environmental pollution (Manjunatha et al., 2016). Nano fertilizer is a nutrient fertilizer that comprises nanostructured formulations for efficient uptake by plants due to the slower release of nutrients. However, in conventional bulk fertilizers, the plant uptake efficiency is low; hence, larger quantities are required. In NPK-based fertilizers, nutrient uptake efficiency is reduced mainly due to the drastic changes in chemical forms that plants cannot absorb, leading to runoff, leaching, and atmospheric losses. Thus, it is necessary to produce fertilizers that can be taken up more readily by plants while posing no threat to soil and the environment (Raliya and Biswa 2015; Raliya et al., 2017; Subbaiah et al., 2016). Foliar nutrition serves as an effective approach to mitigate fixation and immobilization issues, thereby improving nutrient use efficiency, particularly in short-duration crops (Pochampally et al. 2021). A balanced supply of macro- and micronutrients is essential for optimizing mungbean yield, quality, and profitability. Earlier studies, such as Das et al. (2016), have highlighted the effectiveness of basal nutrient application in enhancing seed yield of pulse crops. Nonetheless, nutrient interactions within the soil–plant system are complex and may result in either synergistic or antagonistic effects (Alloway, 2004). Therefore, efficient mineral nutrient management, with emphasis on foliar applications, is imperative to fully exploit the yield potential of mungbean and other major crops. The semi-arid region offers favourable conditions for mungbean cultivation; however, nutrient deficiencies, coupled with periodic dry spells and temperature fluctuations, can limit crop productivity. In such situations, foliar nutrition proves to be an effective strategy to enhance nutrient uptake efficiency and minimize the adverse effects of abiotic stress, thereby supporting sustainable mungbean production.
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2. MATERIALS AND METHODS

The experiment was conducted during Kharif 2023 and 2024 at Main Agricultural Research Station, University of Agricultural Sciences, Dharwad, Karnataka. The soil was identified as clayey in texture. The experiment was laid out in a randomized complete block design (RCBD) encompassed seven distinct treatments, viz., T1:100 % recommended dose of Phosphorous; T2:100 % recommended dose of Phosphorous + Foliar application of Nano DAP @ 2 ml/l at 25 DAS; T3:100 % recommended dose of Phosphorous + Foliar application of Nano DAP @ 2 ml/l at 25 DAS & 40 DAS; T4:75 % recommended dose of Phosporous; T5:75 % recommended dose of Phosphorous + Foliar application of Nano DAP @ 2 ml/l at 25 DAS; T6:75 % recommended dose of Phosphorous + Foliar application of Nano DAP @ 2 ml/l at 25 DAS & 40 DAS and T7: No application of P (Control) replicated thrice. Foliar sprays were applied at both pre-flowering and pod initiation stages. Days add  The mungbean was manually sown and spaced 30 cm apart, and a plant toplant distance of 10 cm. The seed rate ranged from kg/ha how much seed rate applying during your experimentation. A standard dose of phosphorus as applied using Diammonium phosphate (DAP) as basal fertilizers at sowing. Cultural practices appropriate for the agro-climatic zone were applied throughout the mungbean growth cycle, except for the experimental foliar nutrient management technique. Activities such as gap filling, thinning, irrigation, weeding, mulching, and pest control were performed as needed to ensure optimal plant growth and development. The data collected from the experiment were subjected to statistical analysis as described by Gomez and Gomez (1984).  
Kindly add common package and practices  of experimentation

3. RESULTS AND DISCUSSION

a. Growth parameters of mungbean as influenced by Nano DAP

Plant height (cm)
Plant height of mungbean was significantly influenced by different phosphorus management treatments (Table 1). Among the treatments, application of 100% recommended dose of phosphorus along with nano DAP spray at 25 and 40 DAS (T3) recorded a higher pooled plant height (53.8 cm), which was significantly superior over all other treatments. This was at par with T6 (75% RDP + nano DAP at 25 and 40 DAS, 51.0 cm) and T2 (100% RDP + nano DAP at 25 DAS, 50.7 cm). The lowest plant height was recorded in control (T7) with 43.9 cm. The results indicated that foliar application of nano DAP in addition to soil-applied phosphorus enhanced plant height by improving phosphorus availability during the active growth stages. The increase in height under integrated application may be attributed to better root proliferation and efficient nutrient absorption, resulting in vigorous vegetative growth. These findings corroborate with earlier reports of Choudhary et al. (2016) and Sharifi et al. (2018), who observed that combined use of soil and foliar phosphorus improved growth attributes in pulses.

Number of branches per plant

The number of branches per plant was also significantly influenced by phosphorus management practices (Table 1). Pooled data revealed that T3 (100% RDP + nano DAP spray at 25 and 40 DAS) produced a higher number of branches (4.40), which was at par with T2 (4.27). Treatments with 75% RDP combined with nano DAP sprays (T6 and T5) recorded moderate values (3.73–3.80), while the lowest number of branches was found in the control (T7) with 3.32. The enhancement in branching under T3 could be ascribed to better availability of phosphorus at critical crop growth stages, which stimulated meristematic activity and favoured lateral shoot development. Similar observations were made by Choudhary et al. (2016), who reported that nano fertilizers, when applied in conjunction with soil-applied nutrients, promoted branching due to improved metabolic activities and nutrient-use efficiency.

Number of clusters per plant

Significant differences were also observed in number of clusters per plant (Table 1). The pooled data indicated that T3 (100% RDP + nano DAP spray at 25 and 40 DAS) recorded a higher number of clusters (4.70), which was at par with T2 (4.35) and superior over other treatments. The lowest value was obtained in the control (T7) with 3.22 clusters. Treatments T5 and T6, where 75% RDP was supplemented with nano DAP sprays, recorded intermediate values (3.50–3.60). The improvement in cluster formation with foliar application of Nano DAP in addition to soil-applied phosphorus may be due to the crucial role of phosphorus in reproductive development, particularly in promoting flower initiation and cluster formation. These findings are in line with the results of Choudhary et al. (2016), who also reported enhanced cluster formation in mungbean under integrated phosphorus application strategies.
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Table 1: Effect of nano DAP on growth parameters of mungbean (Pooled data of years 2023 and 2024)
	Treatments
	Plant height (cm)
	Number of branches/plant
	Number of clusters/plant

	T1:   100% Recommended dose of phosphorus
	48.8
	3.95
	4.10


	T2:  100% Recommended dose of phosphorus Nano DAP spray at 25 days after sowing @ 1 litre/ha
	50.7
	4.27
	4.35

	T3:  100% Recommended dose of phosphorus Nano DAP spray at 25 days after sowing and 40 days after sowing @ 1 litre/ha
	53.8
	4.40
	4.70

	T4:  75% Recommended dose of phosphorus
	47.2
	3.60
	3.50

	T5:  75% Recommended dose of phosphorus Nano DAP spray at 25 days after sowing @  1 litre/ha
	50.0
	3.50
	3.30

	T6: 75% Recommended dose of phosphorus Nano DAP at 25 days after sowing and 40 days after sowing @ 1 litre/ha
	51.0
	3.72
	3.42

	T7:  No application of phosphorus (control)
	43.9
	3.32
	3.22

	SEm +
	1.99
	0.27
	0.29

	CD  @ 5%
	6.12
	0.83
	0.87
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Fig. 1.  Effect of nano DAP on growth parameters of mungbean 

(Pooled data of years 2023 and 2024)  no need to graph
b. Yield parameters of mungbean as influenced by Nano DAP

Number of pods per plant

The number of pods per plant was significantly influenced by different phosphorus management practices (Table 2). Pooled data revealed that T3 (100% RDP + nano DAP spray at 25 and 40 DAS) recorded a higher number of pods (26.32), which was significantly superior over all other treatments. This was at par with T2 (25.05) and T6 (23.75). The lowest number of pods was observed in control (T7) with 16.00. The higher pod formation under T3 might be due to better nutrient availability throughout the crop growth period, which enhanced photosynthetic activity and assimilate partitioning towards reproductive structures. Similar findings were reported by Jaybhay et al. (2019), who highlighted the role of integrated phosphorus management in improving pod formation in legumes.

Number of seeds per plant

Significant differences were also observed in number of seeds per plant (Table 2). Pooled data showed that T3 (11.95) produced a higher number of seeds per plant, which was at par with T2 (11.10). Treatments T6 and T1 also recorded comparatively better seed numbers (9.67–10.27), whereas the lowest was recorded under T7 (8.30). The increase in seed numbers under integrated application of nano DAP with soil-applied phosphorus could be attributed to the role of phosphorus in energy transfer and reproductive development, leading to better fertilization and seed setting. These results are in agreement with Dikey et al. (2020), who observed that phosphorus application significantly enhanced seed setting in mungbean.

Seed weight per plant (g)

Seed weight per plant was markedly influenced by phosphorus management practices (Table 2). Among the treatments, T3 (9.98 g) recorded a higher seed weight per plant, which was significantly superior over all other treatments and at par with T2 (9.05 g). Moderate values were observed in T1 (7.80 g) and T6 (8.43 g), while the lowest seed weight was obtained in T7 (6.53 g). The improvement in seed weight per plant under T3 might be due to better source-sink relationship, enhanced nutrient uptake and efficient translocation of assimilates towards developing seeds. These results are supported by Dikey et al. (2020), who reported higher seed weight under integrated use of soil and foliar phosphorus application.

Seed yield (kg/ha)

Seed yield of mungbean was significantly influenced by different phosphorus management treatments (Table 3 and Fig. 3). Pooled data revealed that T3 (100% RDP + nano DAP spray at 25 and 40 DAS) recorded a higher seed yield (1656 kg/ha), which was significantly superior over all other treatments. This was at par with T2 (1588 kg/ha) and T6 (1514 kg/ha). The lowest seed yield was obtained in control (T7) with 1052 kg/ha. The higher yield under T3 may be attributed to improved plant growth, better reproductive development and enhanced nutrient availability throughout the crop growth period. These results confirm the findings of Jaybhay et al. (2019), who also reported yield enhancement in mungbean with integrated application of soil and foliar phosphorus. 
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c. Economics of mungbean as influenced by Nano DAP

Gross returns (₹/ha)

Gross returns showed significant variation due to phosphorus management practices (Table 3). The highest gross returns were obtained under T3 (₹1,31,918/ha), which was significantly superior over the rest of the treatments and at par with T2 (₹1,23,960/ha). Moderate values were observed in T6 (₹1,20,583/ha) and T5 (₹1,17,641/ha), while the lowest gross returns were recorded under T7 (₹74,752/ha). The higher gross returns under T3 can be directly linked to the improvement in seed yield achieved through combined use of soil-applied phosphorus and Nano DAP sprays.

Net returns (₹/ha)

Net returns followed a similar trend as gross returns (Table 3). Pooled analysis revealed that T3 recorded higher net returns (₹90,498/ha), which was significantly superior to all other treatments and at par with T2 (₹85,980/ha) and T6 (₹82,617/ha). The lowest net returns were observed under T7 (₹51,166/ha). The enhanced profitability under T3 is attributed to increased yield performance coupled with efficient input utilization. 

Benefit-Cost (B:C) ratio

The B:C ratio was significantly influenced by phosphorus management (Table 3). The pooled data showed that T3 (4.28) recorded a higher B:C ratio, which was at par with T2 (4.20) and significantly superior over the other treatments. T6 also showed a favourable B:C ratio of 3.85, while the lowest value was obtained in control (3.21). The higher B:C ratio under T3 indicates greater economic viability of combining recommended phosphorus dose with nano DAP sprays, as the yield gains sufficiently outweighed the cost of inputs.

able 2: Effect of nano DAP on yield parameters of mungbean (Pooled data of years 2023 and 2024)

	Treatments
	Number of pods/plant
	Number of seeds/plant
	
	100 seed weight (g)

	T1:   100% Recommended dose of phosphorus
	23.85
	10.45
	
	4.05

	T2:  100% Recommended dose of phosphorus Nano DAP spray at 25 days after  sowing @ 1 litre/ha
	25.05
	11.10
	
	4.10

	T3:  100% Recommended dose of phosphorus Nano DAP spray at 25 days after sowing and 40 days after sowing @ 1 litre/ha
	26.32
	11.95
	
	4.17

	T4:  75% Recommended dose of phosphorus
	21.80
	9.60
	
	4.06

	T5:  75% Recommended dose of phosphorus Nano DAP spray at 25 days after sowing @  1 litre/ha
	22.08
	10.30
	
	4.02

	T6: 75% Recommended dose of phosphorus Nano DAP at 25 days after sowing and 40 days after sowing @ 1 litre/ha
	23.75
	10.62
	
	4.06

	T7:  No application of phosphorus (control)
	17.60
	8.30
	
	3.86

	SEm +
	0.69
	0.39
	
	0.11

	CD  @ 5%
	2.13
	1.21
	
	NS
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Fig. 2.  Effect of nano DAP on yield parameters of mungbean (Pooled data of years 2023 and 2024)

 no need to analysis only average value to be put
	Treatments
	Seed yield (kg/ha)
	Gross returns (₹/ha)
	Net returns (₹/ha)
	B:C ratio

	T1:   100% Recommended dose of phosphorus
	1473
	61269
	79243
	3.85

	T2:  100% Recommended dose of phosphorus Nano DAP spray at 25 days after  sowing @ 1 litre/ha
	1588
	62854
	85980
	4.20

	T3:  100% Recommended dose of phosphorus Nano DAP spray at 25 days after sowing and 40 days after sowing @ 1 litre/ha
	1656
	66855
	90498
	4.28

	T4:  75% Recommended dose of phosphorus
	1340
	55134
	71528
	3.90

	T5:  75% Recommended dose of phosphorus Nano DAP spray at 25 days after sowing @  1 litre/ha
	1432
	59575
	77453
	3.56

	T6: 75% Recommended dose of phosphorus Nano DAP at 25 days after sowing and 40 days after sowing @ 1 litre/ha
	1514
	61112
	82617
	3.85

	T7:  No application of phosphorus (control)
	1052
	37997
	51166
	3.21

	SEm +
	42.37
	3358
	3528
	0.12

	CD  @ 5%
	130.56
	10861
	10861
	0.36
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Fig. 3.  Effect of nano DAP on seed yield and economics of mungbean (Pooled data of years 2023 and 2024)
CONCLUSION
The present study clearly indicated that recommended dose of phosphorus (RDP) along with foliar spray of Nano DAP significantly enhanced yield attributes, seed yield and economic returns of mungbean. Among the treatments, T3 (100% RDP + Nano DAP spray at 25 and 40 DAS) consistently recorded superior performance in terms of pods per plant, seeds per plant, seed weight, and seed yield. The improved productivity translated into higher gross returns, net returns and B:C ratio, indicating better economic viability. Thus, combined soil and foliar phosphorus application can be recommended for improving mungbean productivity and profitability under similar agro-climatic conditions.name of agroclimatic zone 
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