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


ABSTRACT 

	Aim: A two-year on-farm trial was conducted during the rainy seasons of 2024 and 2025 at ten farmers’ fields, to evaluate the effect of nano urea and nano DAP on yield, soil properties, and profitability of   rice. 
Methodology: The demonstration was laid out design with three fertilizer combinations:-100% RDF@120:60:40 kg N:P:K/ha (N120P60K40), 75% recommended N and P + 100% K along with one foliar spray of nano DAP and nano urea at pre-flowering stage (N90P45K40+NanoNP1FS) and 75% recommended N and P + 100% K along with two foliar sprays of nano DAP and nano urea at 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), no. of tillers (15.95/plant), no. of effective tillers (13.80/plant), no. 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, representing yield increases of 6.88 and 3.11% over N90P45K40+NanoNP1FS and N120P60K40, respectively. Correlation analysis indicated significant relationships among soil properties, particularly between pH and organic carbon, and negative associations between available phosphorus and EC and between available nitrogen and potassium. Economic analysis showed that N90P45K40+NanoNP2FS recorded the highest net return (Rs.70842.98/ha) and B:C ratio despite a slightly higher cultivation cost. 
Conclusion: The study demonstrated that foliar application of nano urea and nano DAP twice, along with 75% recommended N and P and 100% K, can improve productivity and profitability of rice over farmers’ practices. 
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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. It is essential to boost its production and productivity in order to meet up the rising demand of rice by increasing population. In rice production, India ranks first with about 45 million hectares and with production of 124 million tonnes next to China (GOI, 2023) out of 163 M ha globally. In present day farming, nutrient management is among the foremost vital agronomic management practices upon which the productivity of the crop is dependent. Among the essential nutrients nitrogen and phosphorus are the most important nutrients for crop growth and development. Nitrogen is primarily accountable for leafy green vegetative growth and chlorophyll production which assist in photosynthesis, at the same time phosphorus play 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). In modern agriculture most crucial issues is to fulfill present and future worldwide food demands efficiently (Calicioglu et al., 2019). Implementing ecologically responsible cultivation methods, nitrogen and phosphorus use efficiency needs to be enhanced by expanding the efficiency of agricultural systems (Zhang et al., 2023), and exploring modern technologies. Nano-fertilizers have distinctive features which increase plants’ performance in respect of ultra-high absorption, boost in production, and rise in photosynthesis and considerable development in the leaves surface area (Nongbet et al., 2022; Rautela et al., 2021). Their high surface area permit for quicker absorption, enhancing photosynthesis, root formation, and overall stress tolerance. Use of nano-fertilizer instead of traditional fertilizer is advantageous, on application it reduce nutrient losses (leaching, volatilization) compared to conventional fertilizers, as they release nutrients slowly to match plant needs. They help in reducing nutrient immobilization and fixation, increasing the bioavailability of nutrients. Since of their high efficacy, smaller amounts of nano fertilizers are required, reducing soil toxicity and environmental contamination. Without compromising production and nutritional benefits of extensive use of conventional chemical fertilizers it would have been very helpful if nano-fertilizers are used for specific crops such as rice to minimize the potential negative effects. Nano fertilizers may serve as an alternative to urea and DAP fertilizers to improve N and P use efficiency. It may have the potential to bring down the import of nitrogen and phosphatic fertilizers, subsidy burden to government, reduce the transport, storage costs and usage of urea and DAP fertilizers subsequently reduce the cost of nitrogen  and phosphorus fertilizers. It was revealed that, uptake efficiency of nano-urea is more than 80% compared to prilled urea application (Kumar et al., 2021). Upon spraying of nano fertilizers on the leaves, nano-nutrient formulation enters through stomata through the gas exchange and is assimilated by the plant cells (Abdel-Aziz et al., 2018; Tarafdar et al., 2014). Later from the source to sink, it is easily transported via phloem according to requirements and unused N remained in the plant vacuole and released gradually for plant growth and development. Yet, efficiency of nano formulation of urea and DAP may vary in varied crop, soil, and climatic condition. Also, economics of application of nano fertilizers in paddy may differ. Taking into consideration, a research was carried out to evaluate the effect of different combination of nano fertilizer with chemical fertilizer on growth, productivity, and economics of transplanted rice
2. material and methods 

2.1 	Experiment site and details 
The on-farm trial was conducted at farmers’ field with rice crop during rainy season for two successive years 2024 and 2025 in the Deo and Madanpur block of Aurangabad district, Bihar, India. In this region tube wells are main source of irrigation while, groundwater is the second major source of irrigation.The climate is generally subtropical with big deviation of temperature where maximum temperature exceeded up to 48°C in summer months (April to June)and minimum temperature recorded 12°C duringwinters (December–January). The region receives an average rainfall of roughly 1098 mm mainly between June and September.The rainfall is largely confined to the southwest monsoon. The district falls under Agro-climatic zone III of Bihar having sandy loam, clay loam, loam and clay soil. Soil pH ranges from 6.5 and 8.0, with large areas presenting neutral to slightly alkaline reactions.Organic carbon content is generally low to medium, varying from 0.30% to 0.69%. The soils are ranges medium in nitrogen and phosphorous but rich in potassium.
The research was arranged in Randomized block design, there were three treatment combination i.e. (1)100% recommended dose of fertilizer (RDF) @ 120 N:60 P :40 K kg/ha (N120P60K40); (2) 75% of RDNP (90N:45P) & 100% K + foliar application of  nano DAP and nano urea @ 4ml/l water at pre flowering (N90P45K40+NanoNP1FS) and (3) 75% of RDNP (90N:45P) & 100% K + foliar application of  nano DAP and nano urea @ 4 ml/l water at active tillering & pre flowering stage (N90P45K40+NanoNP2FS) and those were replicated at ten farmers’ field. The variety MTU-7029 was used with seed rate of 20 kg/ha and spacing 20 cm×15 cm was used in the trial. The crop was transplanted in first week of July. The basal application of fertilizers in the form of urea, DAP and MOP were applied as per treatments with recommended dose of fertilizers for paddy i.e., 120:60:40 kg/ha. Before the last ploughing, after mixing the half dose of nitrogen and full dose of phosphorus and potash and was broadcasted uniformly in the field. Remaining half dose of nitrogen was applied at the time of first irrigation or tillering stage and half at second irrigation or panicle initiation stage equally. Yield parameters such as plant height, no of tillers and effective tillers were recorded. Harvesting was done at physiological maturity of the crop. The observation on grain and straw yield was recorded at harvest. 
2.2 Soil collection and analysis  
During the field experiment, a composite soil samples from 0 to 15 cm depth were also collected from every farmers’ field after crop harvest. The collected soil samples were air dried in shade, powdered with a wooden mallet, and passed through 0.2 mm sieve and and preserved for analysis. Soil pH (Jackson, 1973), EC (Jackson, 1973), organic carbon (Jackson, 1973), primary nutrients viz. available N (Subbiah and Asija 1956), P (Jackson 1967), K (Jackson 1967)) were analyzed by using standard protocol.
2.3 	Economics 
The economic analysis was done by estimate the cultivation cost both fixed cost and variable cost, while the return was calculated by the market selling of the produce. The net income [Rupees per hectare (Rs/ha)] and benefit: cost (B:C) ratio were calculated by the given formula mentioned in equations.



2.4 Statistical analysis  
The recorded data was analyzed as per the standard procedure defined by Gomez and Gomez (1984) at 5% level of significance. 
3. results and discussion

3.1	Yield attributes 
Plant height of rice had shown significant difference among the treatments. N90P45K40+NanoNP2FS recorded significantly taller plant height (111.47cm) and followed by N90P45K40+NanoNP1FS. The least plant height (104.49cm) was observed in N120P60K40. Significantly higher number of tillers per plant (15.95) was noticed in the treatment receiving N90P45K40+NanoNP2FS (Table 1). The N120P60K40 recorded the lowest number of tillers per plant of 13.35. N90P45K40+NanoNP2FS significantly recorded the higher number of effective tillers per plant (13.80) followed by N90P45K40+NanoNP1FS. Significantly lesser number of effective tillers per plant were recorded in N120P60K40. Data revealed that the maximum number of grains per panicle (147.65) and test weight 31.88g was recorded with N90P45K40+NanoNP2FS (Table 2). The highest pooled harvest index (42.35%) was recorded under the treatment N90P45K40, which remained statistically superior to the other treatments. The treatment N90P45K40+ NanoNP2FS registered the second-highest pooled harvest index (41.71%), followed by N90P45K40+NanoNP1FS (41.11%). Foliar sprays of nano DAP at active tillering and panicle initiation stage, expedited more nutrient immersion through the opening of stomata and nutrient translocation inside the plant, which intensify the yield attributing features of crop. Nano-enabled fertilizers increased the action of chloroplast, and the antioxidant enzyme system that influence the yield attributing features (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 fertilizer significantly influenced the yield of rice. The data inferred from the Fig. 1, that grain yield was obtained 50.78 q/ha under N90P45K40+NanoNP2FS which was significant 6.88 and 3.11% higher with N90P45K40+NanoNP1FS and N120P60K40, respectively. Among the treatments, significantly higher straw yield (70.96 q/ha) was noted with the treatment N90P45K40+NanoNP2FS which was at par with N90P45K40+NanoNP1FS (70.55q/ha) and statistically higher when compared to that of treatment N120P60K40. This could be owing to enhanced nutrient absorption by plant cells, consequently optimum expansion of plant parts (Upadhyay et al., 2023)  along with biological process namely photorespiration, resulting improved photo assimilate assemblage and displacement in the vicinity of economic parts of 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 
On the basis of correlation analysis, sturdy as well as remarkable positive correlation was seen between soil pH and OC. Although, medium positive relationship was seen between pH and OC. Significant and negative correlation (−0.920) was found between Available P and EC (Table 3). Correspondingly, negative correlation (0.923) was seen with available K and available N. Whilst, non-significant negative correlations were observed between pH and Available P (−0.53), pH and Available K (−0.22), 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 suggested that fusion of fertilizer with nano fertilizer was considerably influenced profitability of rice crop. The pooled value of cost of cultivation was reported highest under N90P45K40+NanoNP2FS. In terms of value it was Rs.42748.50/ha. Between the treatments gross returns varied remarkably. The highest gross return was acquired along with N90P45K40+NanoNP2FS, with a pooled mean of Rs.113591.48/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.70842.98/ha. Similar trend was observed with B:C ratio. The highest as well as lowest pooled B:C ratio was found in N90P45K40+NanoNP2FS and N120P60K40, respectively. This is may be due to the higher yield reported with N90P45K40+NanoNP2FS. Correspondingly, Sahoo et al. (2024) affirmed that soil application of N and P at 50% soil test dosage accompanied with two times foliar sprays of nano DAP resulted  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 outcomes of the two-year on-farm trial distinctly validated that the different combination of RDF + nano fertilizer markedly elevated the yield attributes, productivity, along with profitability of rice. Execution of 75% endorsed RDNP as well as 100% K and twice foliar sprays of Nano urea and nano DAP at active tillering and pre-flowering stages turn out the highest grain yield, straw yield, net returns and B:C ratio. This treatment also boost yield-attributing features namely plant height, effective tillers and grains per panicle. Consequently, the exertion of nano urea and nano DAP through two foliar sprays in combination with 75% RDN&P and 100% K may be recommended under nutrient management strategy of rice under the agro-climatic conditions of Bihar and also reduce the dependency on fertilizers without compromising crop productivity.
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