
Use of nano fertilizer in rice for higher yield and net realization under alluvial soil


ABSTRACT 

	Background: Efficient nutrient management is important for sustaining rice productivity while reducing dependence on conventional nitrogen and phosphorus fertilisers. This study assessed the performance of nano urea and nano DAP when integrated with reduced conventional N and P fertilization under alluvial soil conditions.
Aim: A two-year on-farm trial was conducted during the rainy seasons of 2024 and 2025 in ten farmers’ fields to evaluate the effects of nano urea and nano DAP on rice yield, soil properties, and profitability.
Methodology: The demonstration comprised three fertiliser combinations: 100% RDF @ 120:60:40 kg N:P:K/ha (N120P60K40); 75% recommended N and P + 100% K with one foliar spray of nano DAP and nano urea at the pre-flowering stage (N90P45K40+NanoNP1FS); and 75% recommended N and P + 100% K with two foliar sprays of nano DAP and nano urea at the active tillering and pre-flowering stages (N90P45K40+NanoNP2FS).
Results: N90P45K40+NanoNP2FS significantly improved growth and yield attributes, recording the highest plant height (111.47 cm), number of tillers (15.95/plant), number of effective tillers (13.80/plant), number of grains (147.65/panicle), and test weight (31.88 g). The highest grain yield (50.78 q/ha) and straw yield (70.96 q/ha) were also obtained under N90P45K40+NanoNP2FS. Grain yield was 6.88% higher than under N120P60K40 and 3.11% higher than under N90P45K40+NanoNP1FS. Correlation analysis indicated significant relationships among soil properties, particularly a positive relationship between pH and organic carbon and negative relationships between available phosphorus and EC and between available nitrogen and potassium. Economic analysis showed that N90P45K40+NanoNP2FS recorded the highest net return (Rs. 70,842.98/ha) and B:C ratio despite a slightly higher cultivation cost.
Conclusion: The study showed that two foliar applications of nano urea and nano DAP, together with 75% recommended N and P and 100% K, could improve rice productivity and profitability compared with the other fertiliser treatments evaluated.
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1. INTRODUCTION 

Rice (Oryza sativa L.) is a staple food and an important cereal crop for one-third of the world population. Increasing rice production and productivity is essential to meet the rising demand from a growing population. India accounts for about 45 million hectares of rice area out of 163 M ha globally and produces 124 million tonnes, ranking second to China in production (Directorate of Economics and Statistics, 2023). In present-day farming, nutrient management is among the most important agronomic management practices on which crop productivity depends. Among the essential nutrients, nitrogen and phosphorus are particularly important for crop growth and development. Nitrogen is primarily responsible for leafy green vegetative growth and chlorophyll production, which supports photosynthesis, while phosphorus plays an important role in root development, energy transfer, and reproductive growth (flowers/seeds). Together, they regulate the overall structure, metabolism, and maturity of plants (Rathnayaka et al., 2018). One of the most crucial issues in modern agriculture is meeting present and future global food demands efficiently (Calicioglu et al., 2019). To implement ecologically responsible cultivation methods, nitrogen and phosphorus use efficiency needs to be enhanced by improving the efficiency of agricultural systems (Zhang et al., 2023) and exploring modern technologies. Nano-fertilisers have distinctive features that can improve plant performance through high absorption, increased production, enhanced photosynthesis, and greater leaf surface area (Nongbet et al., 2022; Rautela et al., 2021). Their high surface area permits quicker absorption, thereby enhancing photosynthesis, root formation, and overall stress tolerance. The use of nano-fertilisers instead of traditional fertilisers may be advantageous because it can reduce nutrient losses through leaching and volatilisation compared with conventional fertilisers, as nutrients are released slowly to match plant needs. They may also reduce nutrient immobilisation and fixation, thereby increasing nutrient bioavailability. Because of their high efficiency, smaller quantities of nano-fertilisers are required, which may reduce soil toxicity and environmental contamination. The use of nano-fertilisers for specific crops such as rice may help minimise the potential negative effects associated with extensive use of conventional chemical fertilisers without compromising production and nutritional benefits. Recent field evidence in rice indicates that integrating conventional fertilisation with foliar nano urea and nano DAP can improve growth, yield, or nutrient uptake, while nano-urea-based strategies have also been evaluated within rice-based systems (Reddy et al., 2024; Kumar et al., 2024; Al Asif et al., 2024). Comparable field evidence from wheat has shown that integrated conventional and nano-fertiliser management can influence productivity, profitability, and nutrient-use efficiency (Singh et al., 2024). Nano-fertilisers may serve as alternatives to urea and DAP fertilisers to improve N and P use efficiency. They may have the potential to reduce imports of nitrogenous and phosphatic fertilisers, the government subsidy burden, transport and storage costs, and the use of urea and DAP fertilisers, thereby reducing the cost of nitrogen and phosphorus fertilisers. It has been reported that the uptake efficiency of nano-urea is more than 80% compared with prilled urea application (Kumar et al., 2021). Following foliar application, the nano-nutrient formulation enters through the stomata during gas exchange and is assimilated by plant cells (Abdel-Aziz et al., 2018; Tarafdar et al., 2014). Subsequently, it is readily transported from source to sink via the phloem according to plant requirements, while unused N remains in plant vacuoles and is released gradually for plant growth and development. However, the efficiency of nano formulations of urea and DAP may vary among crops and under different soil and climatic conditions. The economics of nano-fertiliser application in paddy may also differ. Accordingly, this study was conducted to evaluate the effects of different combinations of nano-fertiliser and chemical fertiliser on the growth, productivity, and economics of transplanted rice.
2. material and methods 

2.1 	Experiment site and details 
The on-farm trial was conducted in farmers’ fields with rice during the rainy seasons of two successive years, 2024 and 2025, in the Deo and Madanpur blocks of Aurangabad district, Bihar, India. In this region, tube wells are the main source of irrigation, while groundwater is the second major source of irrigation. The climate is generally subtropical, with large variations in temperature; maximum temperatures exceed 48°C during the summer months (April to June), whereas the minimum temperature recorded during winter (December-January) is 12°C. The region receives an average rainfall of approximately 1098 mm, mainly between June and September. Rainfall is largely confined to the southwest monsoon. The district falls under Agro-climatic Zone III of Bihar and has sandy loam, clay loam, loam, and clay soils. Soil pH ranges from 6.5 to 8.0, with large areas showing neutral to slightly alkaline reactions. Organic carbon content is generally low to medium, ranging from 0.30% to 0.69%. The soils are generally medium in nitrogen and phosphorus but rich in potassium.
The experiment was arranged in a randomised block design with three treatment combinations: (1) 100% recommended dose of fertiliser (RDF) @ 120 N:60 P:40 K kg/ha (N120P60K40); (2) 75% of RDNP (90N:45P) and 100% K + foliar application of nano DAP and nano urea @ 4 ml/l water at pre-flowering (N90P45K40+NanoNP1FS); and (3) 75% of RDNP (90N:45P) and 100% K + foliar application of nano DAP and nano urea @ 4 ml/l water at the active tillering and pre-flowering stages (N90P45K40+NanoNP2FS). All three treatments were replicated across ten selected farmers’ fields, with each field considered a replication of the treatments. The trial was conducted on an area of 1000 m2 in each farmer’s field. The variety MTU-7029 was used at a seed rate of 20 kg/ha with a spacing of 20 cm x 15 cm. The crop was transplanted in the first week of July. Basal fertilisers in the form of urea, DAP, and MOP were applied according to the treatments, with the recommended fertiliser dose for paddy being 120:60:40 kg/ha. Before the final ploughing, half the dose of nitrogen and the full doses of phosphorus and potash were mixed and broadcast uniformly in the field. The remaining nitrogen was applied in two equal splits at the first irrigation or tillering stage and at the second irrigation or panicle initiation stage. Yield parameters such as plant height and the numbers of tillers and effective tillers were recorded. Harvesting was carried out at physiological maturity of the crop. Grain and straw yields were recorded at harvest.
2.2 Soil collection and analysis  
During the field experiment, composite soil samples from a depth of 0 to 15 cm were also collected from each farmer’s field after crop harvest. The collected soil samples were air-dried in the shade, powdered with a wooden mallet, passed through a 0.2 mm sieve, and preserved for analysis. Soil pH (Jackson, 1973), EC (Jackson, 1973), organic carbon (Jackson, 1973), and primary nutrients, namely available N (Subbiah & Asija, 1956), P (Jackson, 1967), and K (Jackson, 1967), were analysed using standard protocols.
2.3 	Economics 
The economic analysis was conducted by estimating the cultivation cost, including both fixed and variable costs, while returns were calculated from the market value of the produce. Net income [Rupees per hectare (Rs/ha)] and the benefit:cost (B:C) ratio were calculated using the equations given below.



2.4 Statistical analysis  
The recorded data were analysed according to the standard procedure described by Gomez and Gomez (1984). Statistical analysis and interpretation of the observed data were conducted using ANOVA for a randomised block design, and the critical difference (CD) was assessed at the 5% level of significance.
3. results and discussion

3.1	Yield attributes 
Plant height of rice differed significantly among the treatments. N90P45K40+NanoNP2FS recorded the greatest plant height (111.47 cm), followed by N90P45K40+NanoNP1FS. The lowest plant height (104.49 cm) was observed under N120P60K40. A significantly higher number of tillers per plant (15.95) was observed in the treatment receiving N90P45K40+NanoNP2FS (Table 1), whereas N120P60K40 recorded the lowest number of tillers per plant (13.35). N90P45K40+NanoNP2FS also recorded a significantly higher number of effective tillers per plant (13.80), followed by N90P45K40+NanoNP1FS. A significantly lower number of effective tillers per plant was recorded under N120P60K40. The data showed that the maximum number of grains per panicle (147.65) and a test weight of 31.88 g were recorded with N90P45K40+NanoNP2FS (Table 2). The highest pooled harvest index (42.35%) was recorded under N120P60K40, which remained statistically superior to the other treatments. N90P45K40+NanoNP2FS registered the second-highest pooled harvest index (41.71%), followed by N90P45K40+NanoNP1FS (41.11%). Foliar sprays of nano DAP at the active tillering and panicle initiation stages facilitated greater nutrient absorption through stomatal openings and nutrient translocation within the plant, which intensified yield-attributing traits. Nano-enabled fertilisers increased chloroplast activity and the antioxidant enzyme system, which influenced yield-attributing traits (Prusty et al., 2022; Upadhyay et al., 2023).
Table 1. Effect of nano-fertilizer on growth attributes of rice crop
	Treatment
	Plant height (cm)
	No. of tiller/plant

	
	2024
	2025
	pooled
	2024
	2025
	pooled

	N120P60K40
	103.95
	105.03
	104.49
	13.50
	13.20
	13.35

	N90P45K40+
NanoNP1FS
	107.16
	105.66
	106.41
	14.70
	14.00
	14.35

	N90P45K40+
NanoNP2FS
	111.23
	111.72
	111.47
	15.70
	16.20
	15.95

	SEm±
	1.27
	1.50
	1.27
	0.38
	0.27
	0.26

	CD (p=0.05)
	3.67
	4.33
	3.68
	1.09
	0.78
	0.74








 

Table 2. Effect of nano-fertilizer on yield attributes of rice crop
	Treatment
	No. of effective tiller/plant
	No. of grain/ panicle
	Test weight (%)
	Harvest Index (%)

	
	2024
	2025
	pooled
	2024
	2025
	pooled
	2024
	2025
	pooled
	2024
	2025
	pooled

	N120P60K40
	12.20
	12.00
	12.10
	140.40
	143.40
	141.90
	30.58
	31.13
	30.85
	42.44
	42.26
	42.35

	N90P45K40+
NanoNP1FS
	13.10
	13.30
	13.20
	142.10
	145.20
	143.65
	31.13
	31.77
	31.45
	41.15
	41.07
	41.11

	N90P45K40+
NanoNP2FS
	13.70
	13.90
	13.80
	145.50
	149.80
	147.65
	31.57
	32.19
	31.88
	41.83
	41.60
	41.71

	SEm±
	0.29
	0.34
	0.26
	0.49
	0.42
	0.43
	0.17
	0.16
	0.14
	0.004
	0.13
	0.06

	CD (p=0.05)
	0.84
	0.98
	0.76
	1.40
	1.21
	1.23
	0.49
	0.48
	0.42
	0.012
	0.37
	0.18




3.2	Yield 
Foliar application of nano urea and DAP with fertiliser significantly influenced rice yield. As shown in Fig. 1, grain yield under N90P45K40+NanoNP2FS was 50.78 q/ha, which was 6.88% higher than under N120P60K40 and 3.11% higher than under N90P45K40+NanoNP1FS. Among the treatments, the highest straw yield (70.96 q/ha) was recorded with N90P45K40+NanoNP2FS, which was at par with N90P45K40+NanoNP1FS (70.55 q/ha) and statistically higher than that under N120P60K40. This may be attributed to enhanced nutrient absorption by plant cells, resulting in optimum expansion of plant parts (Upadhyay et al., 2023), along with biological processes such as photorespiration, which improved photoassimilate accumulation and translocation towards the economic parts of the plant (Chavan, 2019; Monica et al., 2020).

Fig. 1. Effect of nano-fertilizer on yield of rice crop (* denoted as significance at p=0.05) 
3.3	Soil properties 
Correlation analysis showed a significant positive correlation between soil pH and OC. A significant negative correlation (-0.920) was found between available P and EC (Table 3). Similarly, a significant negative correlation (-0.923) was observed between available K and available N. Non-significant negative correlations were observed between pH and available P (-0.53), pH and available K (-0.22), and OC and available P (-0.60).
Table 3. Correction between soil properties at the end of experiment.
	Parameters
	pH
	EC
	OC
	N
	P
	K

	pH
	1.00
	
	
	
	
	

	EC
	0.41
	1.00
	
	
	
	

	OC
	0.885*
	0.44
	1.00
	
	
	

	N
	0.14
	-0.18
	-0.10
	1.00
	
	

	P
	-0.53
	-0.920*
	-0.60
	0.46
	1.00
	

	K
	-0.22
	0.40
	-0.07
	-0.923*
	-0.58
	1.00

	


*. Correlation is significant at the 0.05 level (2-tailed).

3.4	Economics
This investigation showed that the combination of conventional fertiliser with nano-fertiliser considerably influenced the profitability of the rice crop. The pooled cost of cultivation was highest under N90P45K40+NanoNP2FS, at Rs. 42,748.50/ha. Gross returns varied considerably among the treatments. The highest gross return was obtained with N90P45K40+NanoNP2FS, with a pooled mean of Rs. 113,591.48/ha (Table 4). This treatment was significantly superior to N120P60K40. Similarly, the highest net return was recorded with N90P45K40+NanoNP2FS, with a pooled mean of Rs. 70,842.98/ha. A similar trend was observed for the B:C ratio. The highest and lowest pooled B:C ratios were recorded under N90P45K40+NanoNP2FS and N120P60K40, respectively. This may be attributed to the higher yield recorded with N90P45K40+NanoNP2FS. Similarly, Sahoo et al. (2024) reported that soil application of N and P at 50% of the soil-test dose, accompanied by two foliar sprays of nano DAP, resulted in a higher B:C ratio.
Table 4. Economics of rice crop influenced through nano-fertilizer  
	Treatment
	Cost of cultivation (Rs./ha)
	Gross return (Rs./ha)
	Net return (Rs./ha)
	BC ratio

	
	2024
	2025
	pooled
	2024
	2025
	pooled
	2024
	2025
	pooled
	2024
	2025
	pooled

	N120P60K40
	41019
	41220
	41120
	104681
	107883
	106282
	63662
	66663
	65163
	2.55
	2.62
	2.59

	N90P45K40+NanoNP1FS
	42205
	42411
	42308
	108282
	112068
	110175
	66077
	69657
	67867
	2.57
	2.65
	2.61

	N90P45K40+NanoNP2FS
	42645
	42852
	42749
	111992
	115191
	113591
	69347
	72339
	70843
	2.63
	2.69
	2.66

	SEm±
	-
	-
	-
	862.54
	951.10
	867.22
	871.62
	958.41
	875.79
	0.02
	0.02
	0.02

	CD (p=0.05)
	-
	-
	-
	2494.80
	2750.95
	2508.35
	2521.06
	2772.09
	2533.14
	0.06
	0.07
	0.06



4. Conclusion

The two-year on-farm trial showed that integrating nano urea and nano DAP with reduced conventional nitrogen and phosphorus fertilisation improved rice performance under the agro-climatic conditions evaluated in Bihar. The treatment comprising 75% recommended N and P, 100% K, and two foliar sprays of nano urea and nano DAP at active tillering and pre-flowering produced the highest plant height, effective tiller number, grains per panicle, grain yield, straw yield, net return, and B:C ratio among the tested treatments. Its grain yield was 6.88% higher than that obtained with 100% recommended NPK and 3.11% higher than that obtained with the corresponding one-spray nano-fertiliser treatment. The correlation analysis also identified significant relationships among selected post-harvest soil properties. These findings indicate that two foliar applications of nano urea and nano DAP, together with 75% recommended N and P and 100% K, may be considered as a nutrient-management option for improving rice productivity and farm profitability while reducing dependence on conventional N and P fertilisers under comparable conditions.

Limitation

The findings are specific to a two-year rainy-season trial conducted across ten farmers’ fields in the deo and madanpur blocks of aurangabad district, bihar, using one rice variety (mtu-7029) and three fertiliser combinations. Therefore, the results primarily represent the tested alluvial-soil and agro-climatic conditions. Further multi-location and longer-duration field evaluations involving additional rice varieties and fertiliser combinations would help assess the consistency and wider applicability of the observed yield, soil, and economic responses.
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