Effect of nano urea on growth characteristics in transplanted rice (Oryza sativa L.)
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Abstract
A field experiment was conducted at the Students Instructional Farm, Department of Agronomy, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur (U.P.) during the two consecutive kharif seasons of 2023 and 2024 to evaluate the “Effect of nano urea on growth, productivity, and economic return in transplanted rice (Oryza sativa L.). The experiment was laid-out in a Randomized Block Design with 3 replications and 9 treatments. i.e. T1: 125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T2: T1+ Two spray of Nano Urea at active tillering stage and Panicle initiation, T3: 100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage), T4: T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water, T5: 75% RDN through Urea (50% as basal + 25% active tillering stage and panicle initiation stage), T6: T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage, T7: 50% RDN through Urea (50% basal + 25% at active tillering stage and panicle initiation stage), T8: T7+ Two spray of Nano Urea at active tillering stage and panicle initiation stage, T9: Control. Rice variety Sarju-52 was sown. Recorded growth parameters showed that maximum Plant height (cm), Number of tillers hill-1, Fresh weight (g.) plant-1, Dry weight (g.) plant-1, Leaf area index, were achieved under treatment T2: T1+ Two spray of Nano Urea at active tillering stage and Panicle initiation. 
Keywords: RDN, RDF, Nano Urea. 

1. Introduction
Rice is one of the most (Oryza sativa) important cereal crops of India. Rice belongs under the family “Poaceae” and genus “Oryza.” Rice is self-pollinated, short day and C3 plant. fibrous root system, temporary root developed by radical. leaf structure of sheath and blade. the panicle is branched which bear spikelet. Fruit is known as caryopsis. as well as world, grown on wide range of agro climatic zones. It is a staple food in India 1st most important grown food crop, 6- 7% protein 2-2.5% fat and low amount of Ca. In general cereal crop required about 400-500 liter of water to produce one kg of plant dry matter and 5000 liters of water to produced 1kg grain. for more than the half of the global population and its demand is expected to increase as population increases. 
[bookmark: _Hlk210396372]Sarju-52 is a variety of rice that has gained popularity in agricultural circles. It is known for its high yield potential and excellent grain quality. Developed through extensive research and breeding efforts, Sarju-52 offers several desirable characteristics that make it a preferred choice for rice cultivation One of the primary features of Sarju-52 is its adaptability to different agro-climatic conditions. It can thrive in diverse environments, including both upland and lowland areas. This versatility has contributed to its widespread cultivation across various regions.
Nano urea, also known as nanoscale urea or nanotechnology-based urea, refers to a revolutionary form of urea fertilizer that utilizes nanotechnology to enhance its efficiency and effectiveness in agricultural applications. Urea is the most used nitrogen fertilizer worldwide, but traditional urea has certain limitations in terms of nutrient utilization and environmental impact. Nano urea aims to address these challenges by utilizing nanoscale particles. Nano materials are defined as the materials with a single unit between one and a hundred nm in size in a minimum of one dimension (Liu and Lal, 2015). The development of efficient nitrogen management protocols requires recognizing cultivar differences and critical stages of crop growth that fertilization is necessary to avoid potential yield loss. Managing rice crop’s nitrogen nutrition is difficult because lowland rice crop culture leads to nitrogen losses through ammonia volatilization, nitrification, denitrification, leaching, and runoff (Johnson, 2006), which decreases the availabilities of nitrogen for rice plants.
In the last few decades, nanotechnology has been considered as a projecting technology with plentiful applications in agriculture (Marchiol et al., 2020). Nanotechnology applications in agriculture appear to be a promising approach, fostering the transformation of conventional production systems into upgraded agricultural practices with a clear emphasis on the development of more efficient and environmentally-friendly methodologies (Lowry et al., 2019). Nanotechnology plays a vital role in crop production with environmental safety, ecological sustainability, and economic stability (Kumar et al., 2020). Enhancement of various physiological parameters such as photosynthetic activity and nitrogen metabolism using nano nitrogen has been reported in rice, soybean, and groundnut (Benzon et al., 2015). (Saharan et al., 2016) reported that foliar treatment with nano urea in chickpea and maize enhanced the growth of seedlings and biomass. (Sheoran et al., 2021) reported that application of nano urea in wheat crop resulted in increase in morphological and yield parameters efficiently. Nano urea application at active tillering stage is predicted to enhance the input efficiency and boost rice yield (Velmurugan et al., 2021). The yield obtained with 50% less nitrogen as compared to the N applied under farmers fertilizer practice (FFP) and application of nano urea with two foliar sprays gave higher yield in standing winter season crops like wheat, lentil, field pea and mustard (Yogendra Kumar et al., 2020).


2. Materials and Methods
Experimental site: A field experiment was conducted during two consecutive Kharif season of 2023 and 2024 at Student’s Instructional Farm of Chandra Shekhar Azad University of Agriculture and Technology, Kanpur. The Kanpur Nagar is a city in central Uttar Pradesh situated at 125.9 meters above sea level on the alluvial tract of the Gangetic plains. It is coordinated at 25° - 28° North latitude and 79°- 80° East longitude. This northern zone is characterized by the semi-arid climate and rich alluvial soil s. About 935 mm of rainfalls is received each year on average. The soil of experiment plot was sandy loam in texture having 0.45% organic carbon, 189.12 kg ha-1 available N, 14.60 kg ha-1 available P, 167.31 kg ha-1 K, 18.5 kg ha-1 available sulphur and 0.22 – 2.2 kg ha-1 available boron. in both the years. To assess the most suitable rice variety for “Effect of nano urea on growth, productivity, and economic return in transplanted rice (Oryza sativa L.). using rice variety Sarju 52. 
Treatment details: The experiment was laid-out in a Randomized Block Design with 3 replications and 9 treatments. i.e. T1: 125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T2: T1+ Two spray of Nano Urea at active tillering stage and Panicle initiation, T3: 100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage), T4: T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water, T5: 75% RDN through Urea (50% as basal + 25% active tillering stage and panicle initiation stage), T6: T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage, T7: 50% RDN through Urea (50% basal + 25% at active tillering stage and panicle initiation stage), T8: T7+ Two spray of Nano Urea at active tillering stage and panicle initiation stage, T9: Control. 

 	Initial and Final plant population m-2: Plant population was recorded after complete transplanting at 30 DAT. The plant population per square meter was counted at three places in each plot from one square meter area. The mean value was subjected to the statistical analysis. Final plant population was counted just before harvesting. In one square meter area number of plants were counted and recorded. The mean value was subjected to the statistical analysis.
Plant height (cm): Four plants were selected at random from each plot within net plot area. They were tagged and labelled. The same plants were used to measure the height of the plant throughout the experiment. Height was measured using meter scale from bottom to the plant i.e. from the soil surface to the tip of the plant by extending the longer leaf. The heights were recorded on 45 DAT, 90 DAT and at maturity. Average height was calculated by taking mean of all four plants.
Number of tillers m-2: Number of tillers were recorded by counting tillers number per m2 in each plot at 45 DAT, 90 DAT and at maturity, then averaged and expressed in terms of number.
Fresh and dry weight (g) plant-1: The samples were cut from each plot at 45, 90 days after transplanting and harvest stage of crop. The soil from roots was washed and cleaned using running water. The water was dried from the plants. Then the samples were weighted and fresh weight was recorded. Then the same samples were kept in sun for 2-3 days for drying before keeping them in hot air oven. After sun drying, the plants were kept in the oven for drying the moisture completely. It was kept in oven for a day with the temperature of 600C. After complete drying of the plants, the plants were weighted for their dry weight. The recordings were recorded as dry weight.
Leaf area (m2): Then Leaf area was measured by using LI 3100 leaf area meter at 30, 60, 90 DAT and at harvest. Destructive sampling of five randomly selected plants from each plot was done and leaves were separated from each plant and were inserted into the leaf area meter and leaf area of each plant was measured. Mean leaf area was calculated and expressed in cm2.
                                                       LAI= Leaf area  
                                                      Ground area
3. Result and Discussion
Plant population: The data on plant population (m-2) measured at initial plant population and final plant population at harvest are presented in Table no. 1. The effect of various nano-fertilizes treatments on initial plant population at 15 DAT and final plant population at harvest were found not significant in transplanted rice during year of kharif 2023, 2024 and pooled basis.
Plant height (cm): The data on plant height measured at 30, 60, 90 days after transplanting (DAT) and at harvest are presented in Table no. 2. The results demonstrated that different nano fertilizers significantly influenced plant height at 30, 60, 90 DAT and at harvest during the years 2023, 2024, and in the combined analysis. 
          At 30 DAT the maximum plant height was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (40.40, 42.21 and 41.30 cm) respectively. Which was being at par treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T4 (T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water) and T3 (100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage). And lowest plant height ware recorded under the treatment T9 (Control) (30.15, 30.20 and 30.18 cm) respectively years. 
          At 60 DAT during the year 2023, 2024, and in the combined analysis. The highest plant height was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (83.90, 84.59 and 84.25 cm) respectively. Which ware being at par treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T4 (T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water) and T3 (100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage). And lowest plant height was recorded under the treatment T9 (Control) (60.20, 60.54 and 60.37cm) respectively years.
          At 90 DAT during the year 2023, 2024, and in the combined analysis. The highest plant height was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (105.34, 106.94 and 106.14 cm) respectively. Which ware being at par treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T4 (T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water) and T3 (100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage). And lowest plant height was recorded under the treatment T9 (Control) (78.05, 78.39 and 78.22 cm) respectively years.



          At the harvest stage during the years 2023, 2024, and in the combined analysis, the highest plant height was recorded with treatment T2. This treatment consisted of T1 (125% recommended dose of nitrogen (RDN) through urea, applied as 50% basal and 25% at both active tillering and panicle initiation stages) plus two sprays of nano urea at the active tillering and panicle initiation stages, resulting in plant heights of 108.36 cm, 108.96 cm, and 108.66 cm, respectively. These values were statistically at par with treatments T1, T3 (100% RDN through urea in three splits), and T4 (T3 + two sprays of nano urea at the tillering and panicle initiation stages at 4 ml per liter of water). In contrast, the lowest plant height was observed in the control treatment T9 without any fertilizer application, with measurements of 81.33 cm, 81.49 cm, and 81.41 cm for the respective years. The results indicate that the application of nano urea sprays at critical growth stages significantly improves plant height, comparable to higher nitrogen fertilizer doses, while the absence of fertilizers leads to reduced growth. This highlights the effectiveness of nano urea combined with conventional fertilization in enhancing crop growth parameters. Also reported the similar results Verma et al., (2017), Ahmed et al., (2019), Rani et al., (2019).



Table No. 1: Effect of nano urea as influence by plant population (m-2) in transplanted rice.
	Treatments 
	Initial plant population (m-2)
	Final plant population (m-2)

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	T1: 125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation).
	48.00
	48.40
	48.20
	47.48
	48.00
	47.74

	T2: T1+ Two spray of Nano Urea at active tillering stage and Panicle initiation.
	48.00
	49.00
	48.50
	47.62
	48.38
	48.00

	T3: 100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage).
	47.80
	47.80
	47.80
	47.00
	47.48
	47.24

	T4: T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water.
	47.92
	47.98
	47.95
	47.30
	47.55
	47.43

	T5: 75% RDN through Urea (50% as basal + 25% active tillering stage and panicle initiation stage)
	47.60
	47.40
	47.50
	46.38
	46.89
	46.63

	T6: T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage
	47.80
	47.80
	47.80
	47.00
	47.09
	47.05

	T7: 50% RDN through Urea (50% basal + 25% at active tillering stage and panicle initiation stage)
	47.60
	46.00
	46.80
	45.28
	45.90
	45.59

	T8: T7+ Two spray of Nano Urea at active tillering stage and panicle initiation stage
	47.30
	46.80
	47.05
	46.06
	46.20
	46.13

	T9: Control
	46.00
	47.00
	46.50
	43.00
	45.05
	44.03

	SE(d)±
	1.24
	0.93
	1.11
	1.10
	1.23
	1.06

	CD at 5%
	NS
	NS
	NS
	NS
	NS
	NS




Table No. 2: Effect of nano urea as influence by plant height in transplanted rice.
	Treatments 
	Plant height (cm) at 30 DAT
	Plant height (cm) at 60 DAT 
	Plant height (cm)at 90 DAT
	Plant height (cm) at harvest

	
	2023
	2024
	Pooled 
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	T1: 125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation).
	40.10
	40.54
	40.32
	82.76
	82.97
	82.87
	103.54
	104.90
	104.22
	106.82
	106.99
	106.91

	T2: T1+ Two spray of Nano Urea at active tillering stage and Panicle initiation.
	40.40
	42.21
	41.30
	83.90
	84.59
	84.25
	105.34
	106.94
	106.14
	108.36
	108.96
	108.66

	T3: 100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage).
	39.20
	39.32
	39.26
	79.60
	79.98
	79.79
	98.70
	100.04
	99.37
	102.53
	103.83
	103.18

	T4: T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water.
	39.90
	40.32
	40.11
	80.24
	81.00
	80.62
	101.20
	103.04
	102.12
	104.40
	106.00
	105.20

	T5: 75% RDN through Urea (50% as basal + 25% active tillering stage and panicle initiation stage)
	35.00
	35.14
	35.07
	77.04
	78.03
	77.54
	95.53
	96.37
	95.95
	97.69
	98
	97.85

	T6: T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage
	36.85
	36.96
	36.91
	77.40
	78.92
	78.16
	96.57
	98.07
	97.32
	99.58
	100.29
	99.94

	T7: 50% RDN through Urea (50% basal + 25% at active tillering stage and panicle initiation stage)
	34.10
	34.27
	34.19
	72.54
	73.81
	73.17
	92.03
	93.86
	92.94
	94.67
	95.85
	95.26

	T8: T7+ Two spray of Nano Urea at active tillering stage and panicle initiation stage
	34.60
	34.61
	34.60
	74.01
	76.06
	75.04
	94.46
	95.98
	95.22
	96.49
	96.97
	96.73

	T9: Control
	30.15
	30.20
	30.18
	60.20
	60.54
	60.37
	78.05
	78.39
	78.22
	81.33
	81.49
	81.41

	SE(d)±
	1.01
	1.09
	0.63
	1.91
	2.00
	1.13
	2.38
	2.46
	1.17
	2.43
	2.58
	2.25

	CD at 5%
	2.17
	2.32
	1.33
	4.05
	4.24
	2.40
	5.05
	5.21
	2.49
	5.16
	5.48
	4.78



Number of tillers hills-1
          The data on number of tillers hills-1 measured at 30, 60, 90 days after transplanting (DAT) and at harvest are presented in Table no. 3. The results demonstrated that different nano fertilizers significantly influenced number of tillers hills-1at 30, 60, 90 DAT and at harvest during the years 2023, 2024, and in the combined analysis. 
          At 30 DAT the maximum number of tillers hills-1 was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (4.82, 4.85 and 4.84) respectively. Followed by treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T4 (T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water) and T3 (100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage), T6 (T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage). And lowest number of tillers hills-1 ware recorded under the treatment T9 (Control) (3.80, 3.90 and 3.84) respectively years. 
          At 60 DAT during the year 2023, 2024, and in the combined analysis. The highest number of tillers hills-1 was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (8.67, 8.90 and 8.78) respectively. Which ware being at par treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T4 (T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water) and T3 (100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage). And lowest number of tillers hills-1 was recorded under the treatment T9 (Control) (4.07, 4.30, and 4.18) respectively years.
          At 90 DAT during the year 2023, 2024, and in the combined analysis. The highest number of tillers hills-1 was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (11.68, 11.90 and 11.78) respectively. Which ware being at par treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T4 (T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water) and T3 (100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage), T6 (T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage) and T5 (75% RDN through Urea (50% as basal + 25% active tillering stage and panicle initiation stage). And lowest number of tillers hills-1 was recorded under the treatment T9 (Control) (5.16, 5.19 and 5.17) respectively years.
          At the harvest stage during the years 2023, 2024, and in the combined analysis, the highest number of tillers hills-1 was recorded with treatment T2. This treatment consisted of T1 (125% recommended dose of nitrogen (RDN) through urea, applied as 50% basal and 25% at both active tillering and panicle initiation stages) plus two sprays of nano urea at the active tillering and panicle initiation stages, resulting in number of tillers hills-1 of 10.50, 11.18, and 10.83, respectively. These values were statistically at par with treatments T1, T3 (100% RDN through urea in three splits), and T4 (T3 + two sprays of nano urea at the tillering and panicle initiation stages at 4 ml per liter of water). In contrast, the lowest number of tillers hills-1 was observed in the control treatment T9 without any fertilizer application, with measurements of 5.02, 5.06, and 5.04 for the respective years. The results indicate that the application of nano urea sprays at critical growth stages significantly improves number of tillers hills-1, comparable to higher nitrogen fertilizer doses, while the absence of fertilizers leads to reduced growth. This highlights the effectiveness of nano urea combined with conventional fertilization in enhancing crop growth parameters. Also reported the similar results Midde et al., (2021), Benzon et al., (2015).







Table no. 3: Effect of nano urea as influence by number of tillers hills-1 in transplanted rice.
	Treatments
	Number of tillers hills-1 at 30 DAT
	Number of tillers hills-1 at 60 DAT
	Number of tillers hills-1 at 90 DAT
	Number of tillers hills-1 at harvest

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	T1: 125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation).
	4.78
	4.80
	4.79
	8.08
	8.29
	8.18
	10.60
	10.87
	10.73
	10.05
	10.40
	10.22

	T2: T1+ Two spray of Nano Urea at active tillering stage and Panicle initiation.
	4.82
	4.85
	4.84
	8.67
	8.90
	8.78
	11.68
	11.90
	11.78
	10.50
	11.18
	10.83

	T3: 100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage).
	4.75
	4.77
	4.76
	7.20
	7.58
	7.39
	9.45
	9.70
	9.57
	9.06
	9.29
	9.17

	T4: T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water.
	4.78
	4.79
	4.79
	7.46
	7.77
	7.61
	9.89
	10.30
	10.09
	9.20
	10.08
	9.64

	T5: 75% RDN through Urea (50% as basal + 25% active tillering stage and panicle initiation stage)
	4.30
	4.60
	4.45
	5.35
	5.90
	5.62
	8.62
	8.83
	8.72
	8.42
	8.28
	8.35

	T6: T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage
	4.70
	4.90
	4.80
	5.84
	6.40
	6.11
	9.09
	9.39
	9.24
	8.97
	9.08
	9.02

	T7: 50% RDN through Urea (50% basal + 25% at active tillering stage and panicle initiation stage)
	4.00
	4.20
	4.10
	5.07
	5.59
	5.33
	7.50
	7.95
	7.72
	7.24
	7.64
	7.44

	T8: T7+ Two spray of Nano Urea at active tillering stage and panicle initiation stage
	4.10
	4.40
	4.25
	5.33
	6.00
	5.67
	7.93
	8.30
	8.11
	7.73
	8.09
	7.91

	T9: Control
	3.80
	3.90
	3.84
	4.07
	4.30
	4.18
	5.16
	5.19
	5.17
	5.02
	5.06
	5.04

	SE(d)±
	0.61
	0.56
	0.57
	1.03
	1.06
	0.99
	1.66
	1.55
	1.51
	0.58
	0.59
	0.56

	CD at 5%
	1.29
	1.19
	1.21
	2.18
	2.24
	2.11
	3.52
	3.30
	3.20
	1.23
	1.25
	1.18



Fresh weight (g) plant-1
          The data on fresh weight (g) plant-1measured at 30, 60, 90 days after transplanting (DAT) and at harvest are presented in Table no. 4. The results demonstrated that different nano fertilizers significantly influenced fresh weight (g) plant-1 at 30, 60, 90 DAT and at harvest during the years 2023, 2024, and in the combined analysis. 
          At 30 DAT the maximum fresh weight (g) plant-1 was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (12.39, 12.42 and 12.40 g.) respectively. Followed by treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T4 (T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water) and T3 (100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage), T6 (T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage). And lowest fresh weight (g) plant-1 ware recorded under the treatment T9 (Control) (8.20, 8.29 and 8.24 g.) respectively years. 
          At 60 DAT during the year 2023, 2024, and in the combined analysis. The highest fresh weight (g) plant-1 was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (58.16, 58.30 and 58.23 g.) respectively. Followed by treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T4 (T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water) and T3 (100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage), T6 (T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage). And lowest fresh weight (g) plant-1 was recorded under the treatment T9 (Control) (24.06, 24.24 and 24.15 g.) respectively years.
          At 90 DAT during the year 2023, 2024, and in the combined analysis. The maximum fresh weight (g) plant-1 was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (102.25, 102.38 and 102.32 g.) respectively. Which ware being at par treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T4 (T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water) and T3 (100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage), T6 (T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage). And lowest fresh weight (g) plant-1 was recorded under the treatment T9 (Control) (66.26, 66.48 and 66.37 g.) respectively years.
          At the harvest stage during the years 2023, 2024, and in the combined analysis, the maximum fresh weight (g) plant-1 was recorded with treatment T2. This treatment consisted of T1 (125% recommended dose of nitrogen (RDN) through urea, applied as 50% basal and 25% at both active tillering and panicle initiation stages) plus two sprays of nano urea at the active tillering and panicle initiation stages, resulting in fresh weight (g) plant-1 of 146.32, 146.56, and 146.44 (g.), respectively. These values were statistically at par with treatments T1, T3 (100% RDN through urea in three splits), and T4 (T3 + two sprays of nano urea at the tillering and panicle initiation stages at 4 ml per liter of water). In contrast, the lowest fresh weight (g) plant-1 was observed in the control treatment T9 without any fertilizer application, with measurements of 96.04, 96.48, and 96.26 (g.) for the respective years. The results indicate that the application of nano urea sprays at critical growth stages significantly improves fresh weight (g) plant-1, comparable to higher nitrogen fertilizer doses, while the absence of fertilizers leads to reduced growth. This highlights the effectiveness of nano urea combined with conventional fertilization in enhancing crop growth parameters. Also reported the similar results Rathnayaka et al., (2018), Rostaman et al., (2021).



Table no. 4: Effect of nano urea as influence by Fresh weight (g) plant-1 in transplanted rice.
	Treatments
	Fresh weight (g) plant-1 at 30 DAT
	Fresh weight (g) plant-1 at 60 DAT
	Fresh weight (g) plant-1 at 90 DAT
	Fresh weight (g) plant-1 at harvest 

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	T1: 125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation).
	12.15
	12.19
	12.17
	58.04
	58.23
	58.13
	102.04
	102.14
	102.09
	143.45
	144.03
	143.74

	T2: T1+ Two spray of Nano Urea at active tillering stage and Panicle initiation.
	12.39
	12.42
	12.40
	58.16
	58.30
	58.23
	102.25
	102.38
	102.32
	146.32
	146.56
	146.44

	T3: 100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage).
	11.84
	11.89
	11.86
	56.12
	56.24
	56.18
	101.12
	101.08
	101.10
	142.28
	142.56
	142.42

	T4: T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water.
	12.08
	12.12
	12.10
	56.40
	56.66
	56.53
	101.65
	101.86
	101.75
	142.80
	143.05
	142.93

	T5: 75% RDN through Urea (50% as basal + 25% active tillering stage and panicle initiation stage)
	11.52
	11.60
	11.55
	55.78
	55.86
	55.82
	97.86
	98.06
	97.96
	140.04
	140.38
	140.21

	T6: T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage
	11.65
	11.71
	11.68
	56.02
	56.16
	56.09
	98.24
	98.59
	98.41
	140.26
	140.58
	140.42

	T7: 50% RDN through Urea (50% basal + 25% at active tillering stage and panicle initiation stage)
	11.15
	11.21
	11.18
	54.83
	54.97
	54.90
	96.18
	96.34
	96.26
	138.28
	138.94
	138.61

	T8: T7+ Two spray of Nano Urea at active tillering stage and panicle initiation stage
	11.47
	11.52
	11.49
	55.45
	55.58
	55.52
	96.78
	97.10
	96.94
	138.76
	139.47
	139.11

	T9: Control
	8.20
	8.29
	8.24
	24.06
	24.24
	24.15
	66.26
	66.48
	66.37
	96.04
	96.48
	96.26

	SE(d)±
	0.81
	0.75
	0.75
	1.62
	1.76
	1.69
	1.97
	2.02
	1.91
	2.80
	2.84
	2.69

	CD at 5%
	1.72
	1.59
	1.60
	3.43
	3.74
	3.58
	4.18
	4.28
	4.05
	5.93
	6.02
	5.70



Dry weight (g.) plant-1
          The data pertaining on dry weight (g.) plant-1 measured at 30, 60, 90 days after transplanting (DAT) and at harvest are presented in Table no. 5.  The results demonstrated that different nano fertilizers significantly influenced dry weight (g.) plant-1 at 30, 60, 90 DAT and at harvest during the years 2023, 2024, and in the combined analysis. 
          At 30 DAT the maximum dry weight (g) plant-1 was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (5.26, 5.29 and 5.27 g.) respectively. Which ware being at par treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T4 (T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water) and T3 (100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage). And lowest dry weight (g) plant-1 ware recorded under the treatment T9 (Control) (3.04, 3.12 and 3.08 g.) respectively years. 
          At 60 DAT during the year 2023, 2024, and in the combined analysis. The highest dry weight (g) plant-1 was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (20.06, 20.34 and 20.20 g.) respectively. Which ware being at par treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T4 (T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water) and T3 (100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage), T6 (T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage). And lowest dry weight (g) plant-1 was recorded under the treatment T9 (Control) (10.26, 10.32 and 10.28 g.) respectively years.
          At 90 DAT during the year 2023, 2024, and in the combined analysis. The maximum dry weight (g) plant-1 was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (29.26, 30.41 and 29.84 g.) respectively. Which ware being at par treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T4 (T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water) and T3 (100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage). And lowest dry weight (g) plant-1 was recorded under the treatment T9 (Control) (16.40, 17.08 and 16.74 g.) respectively years.
          At the harvest stage during the years 2023, 2024, and in the combined analysis, the maximum dry weight (g) plant-1 was recorded with treatment T2. This treatment consisted of T1 (125% recommended dose of nitrogen (RDN) through urea, applied as 50% basal and 25% at both active tillering and panicle initiation stages) plus two sprays of nano urea at the active tillering and panicle initiation stages, resulting in dry weight (g) plant-1 of 42.12, 43.21, and 42.67 (g.), respectively. These values were statistically at par with treatments T1, T3 (100% RDN through urea in three splits). In contrast, the lowest dry weight (g) plant-1 was observed in the control treatment T9 without any fertilizer application, with measurements of 22.30, 23.54, and 22.92 (g.) for the respective years. The results indicate that the application of nano urea sprays at critical growth stages significantly improves dry weight (g) plant-1, comparable to higher nitrogen fertilizer doses, while the absence of fertilizers leads to reduced growth. This highlights the effectiveness of nano urea combined with conventional fertilization in enhancing crop growth parameters. Also reported the similar results Rathnayaka et al., (2018), Rostaman et al., (2021).













Table no. 5: Effect of nano urea as influence by dry weight (g) plant-1 in transplanted rice.
	Treatments
	Dry weight (g) plant-1 at 30 DAT
	Dry weight (g) plant-1 at 60 DAT
	Dry weight (g) plant-1 at 90 DAT
	Dry weight (g) plant-1 at harvest 

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 

	T1: 125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation).
	5.19
	5.24
	5.22
	20.00
	20.04
	20.02
	29.04
	29.80
	29.42
	41.46
	41.69
	41.58

	T2: T1+ Two spray of Nano Urea at active tillering stage and Panicle initiation.
	5.26
	5.29
	5.27
	20.06
	20.34
	20.20
	29.26
	30.41
	29.84
	42.12
	43.21
	42.67

	T3: 100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage).
	5.04
	5.10
	5.07
	19.74
	19.83
	19.78
	27.68
	28.34
	28.01
	38.04
	38.35
	38.20

	T4: T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water.
	5.12
	5.14
	5.13
	19.95
	20.02
	19.98
	28.13
	29.49
	28.81
	38.56
	39.42
	38.99

	T5: 75% RDN through Urea (50% as basal + 25% active tillering stage and panicle initiation stage)
	4.88
	4.93
	4.91
	19.51
	19.61
	19.55
	25.22
	26.34
	25.78
	34.66
	36.88
	35.77

	T6: T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage
	4.93
	4.99
	4.96
	19.58
	19.67
	19.62
	27.11
	28.10
	27.61
	35.48
	37.04
	36.26

	T7: 50% RDN through Urea (50% basal + 25% at active tillering stage and panicle initiation stage)
	4.79
	4.85
	4.82
	18.97
	18.96
	18.97
	24.02
	25.26
	24.64
	31.25
	31.56
	31.41

	T8: T7+ Two spray of Nano Urea at active tillering stage and panicle initiation stage
	4.82
	4.87
	4.84
	19.05
	19.17
	19.10
	24.87
	25.96
	25.41
	31.95
	33.15
	32.55

	T9: Control
	3.04
	3.12
	3.08
	10.26
	10.32
	10.28
	16.40
	17.08
	16.74
	22.30
	23.54
	22.92

	SE(d)±
	0.14
	0.16
	0.11
	0.62
	0.63
	0.60
	0.83
	0.93
	0.88
	1.00
	1.02
	0.98

	CD at 5%
	0.30
	0.33
	0.23
	1.32
	1.33
	1.27
	1.76
	1.96
	1.87
	2.11
	2.16
	2.08



Leaf area index 
          The data pertaining on leaf area index measured at 30, 60, and 90 days after transplanting (DAT) are presented in Table 6 and illustrated in Figure 1. The results demonstrated that different nano fertilizers significantly influenced leaf area index at 30, 60, and 90 DAT during the years 2023, 2024, and in the combined analysis. 
          At 30 DAT the maximum leaf area index was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (1.28, 1.30 and 1.29) respectively. Followed by treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation), T4 (T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water) and T3 (100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage), T6 (T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage) and T5 (75% RDN through Urea (50% as basal + 25% active tillering stage and panicle initiation stage). And lowest leaf area index ware recorded under the treatment T9 (Control) (1.19, 1.20 and 1.19) respectively years. 
          At 60 DAT during the year 2023, 2024, and in the combined analysis. The highest leaf area index was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (5.49, 5.72 and 5.60) respectively. Which ware being at par treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation) and T4 (T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water). And lowest leaf area index was recorded under the treatment T9 (Control) (4.06, 4.13 and 4.10) respectively years.
          At 90 DAT during the year 2023, 2024, and in the combined analysis. The maximum leaf area index was recorded during the year 2023, 2024 and pooled with application of treatment T2 which included (T1+ Two spray of nano urea at active tillering stage and Panicle initiation) (5.97, 6.17 and 6.07) respectively. Which ware being at par treatment T1 (125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation). And lowest dry weight (g) plant-1 was recorded under the treatment T9 (Control) (4.26, 4.38 and 4.32) respectively years. Also reported the similar results Anushka et al., (2023). Bhargavi and Sundari (2023).
Table no. 6: Effect of nano urea as influence by Leaf area index in transplanted rice.
	Treatments
	Leaf area index at 30 DAT 
	Leaf area index at 60 DAT 
	Leaf area index at 90 DAT

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled 
	2023
	2024
	Pooled 

	T1: 125% RDN through Urea (50% as basal + 25% at active tillering stage and Panicle initiation).
	1.27
	1.28
	1.27
	5.41
	5.60
	5.50
	5.80
	5.98
	5.89

	T2: T1+ Two spray of Nano Urea at active tillering stage and Panicle initiation.
	1.28
	1.30
	1.29
	5.49
	5.72
	5.60
	5.97
	6.17
	6.07

	T3: 100% RDN through Urea in three splits (50% as basal + 25% at active tillering stage and Panicle initiation stage).
	1.26
	1.27
	1.26
	5.22
	5.39
	5.30
	5.51
	5.65
	5.58

	T4: T3 + Two spray of Nano Urea at active tillering stage and panicle initiation stage (@ 4 ml/ litre of water.
	1.26
	1.28
	1.27
	5.33
	5.46
	5.39
	5.67
	5.77
	5.72

	T5: 75% RDN through Urea (50% as basal + 25% active tillering stage and panicle initiation stage)
	1.24
	1.25
	1.24
	5.01
	5.25
	5.13
	5.37
	5.49
	5.43

	T6: T5 + Two spray on Nano Urea at active tillering stage and panicle initiation stage
	1.25
	1.26
	1.25
	5.16
	5.37
	5.26
	5.48
	5.58
	5.53

	T7: 50% RDN through Urea (50% basal + 25% at active tillering stage and panicle initiation stage)
	1.22
	1.23
	1.22
	4.82
	4.94
	4.88
	4.92
	5.06
	4.99

	T8: T7+ Two spray of Nano Urea at active tillering stage and panicle initiation stage
	1.22
	1.23
	1.22
	4.89
	5.05
	4.97
	5.27
	5.34
	5.30

	T9: Control
	1.19
	1.20
	1.19
	4.06
	4.13
	4.10
	4.26
	4.38
	4.32

	SE(d)±
	0.03
	0.03
	0.03
	0.11
	0.11
	0.11
	0.14
	0.15
	0.13

	CD at 5%
	0.07
	0.07
	0.06
	0.23
	0.24
	0.22
	0.29
	0.32
	0.27





4. Conclusion
During two years of trials in the sandy loam soils of central Uttar Pradesh, the treatment involving T2 (T1+ Two spray of Nano Urea at active tillering stage and Panicle initiation). proved to be most effective, resulting in the highest recorded values for all growth parameter i.e. plant height, number of tiller plant-1, fresh weight (g.) plant-1, dry weight (g.) plant-1 and leaf area index of rice. 
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