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ABSTRACT 
The present investigation was conducted during kharif of 2022 and 2023 at ICAR Research Farm, Jharnapani, Nagaland Centre to study the effect of precision nitrogen management on growth and yield of rice (Oryza sativa L.) in Dimapur district of Nagaland. The experiment was laid out in randomised block design (RBD) consisting of four treatments and replicated fifth time. The pooled results for two years revealed that precision nitrogen management had significant influence on growth, yield attributes and yield of rice. The treatment SPAD based nitrogen management recorded the highest growth, yield attributes and yield of rice. The highest plant height at 60 DAT (89.93 cm) and 90 DAT (111.04 cm), number of tillers sq.m-1 at 30 (255.50) and 60 (287.63) DAT, DMA plant-1 at 30 DAT (7.41), 60 DAT (15.68) and 90 DAT (28.22) DAT and LAI at 30 DAT (0.1015) and 60 DAT (0.1679) were obtained from SPAD based nitrogen application. Significantly highest yield attributes like number of panicle m-2 (256.97), panicle length (25.84 cm) and weight of the panicle (5.45 g) were recorded from SPAD based nitrogen management and grain yield (4830.83 kg ha-1) was also recorded from the SPAD based nitrogen management. The lowest growth, yield attributes and yield rice were recorded from control.
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1.INTRODUCTION
Rice (Oryza sativa L.) is the most widely grown cereal in the world after wheat and maize. Most of the rice in tropical countries is produced in irrigated and rainfed lowland areas. Irrigated rice system accounts for 78 percent of all rice production and 55 percent of total harvested rice area, mostly concentrated in alluvial floodplains, terraces, inland valleys, and details in the humid and sub-humid sub tropics and tropics of Asia. Total global rice production was 776.46 MT in 2022 and the production has been increased to 800 MT which represent an increase of 23.54 MT of rice production in 2023 (Anonymous, 2023a). After China, India grows rice in 47.82 m ha with production of 137.83 million tons and average productivity of 2.88 tons ha-1. In Nagaland, rice is grown throughout the state and covers an area of 0.211 m ha with a production of 0.556 MT out of which upland rainfed condition occupies an area of 90,496 ha with a production of 0.179 MT in 2022-23 (Anonymous 2023b)
Nitrogen (N) is the most important limiting factor, after water deficit, for biomass production in natural ecosystems. In paddy field systems, N fertilization can provide plants a sufficient N supply to achieve the potential grain yield under the vested meteorological conditions. Inadequate N application leads to a decrease in leaf area chlorophyll contents, leaf photosynthesis, biomass production and the loss of yields and qualities. According to Chaudhary et al., (2019), the foundation of precision nitrogen management lies in adhering to the ‘4 R’s Principle, which involves administering fertilizers at the right rate, at the right time, by the right way of application, and by utilizing the right fertilizer source. There are different types of gadgets available for improving nitrogen use efficiency such as leaf colour chart (LCC) and crop sensors like soil plant analysis development (SPAD meter), which can indirectly estimate crop N status of the growing crops and help to define time and quantity of in-season fertilizer N top dressings in aerobic rice. As we all know that, N fertilizers like urea are essential for enhancing crop yields and meeting global food demand. But continuous use can lead to numerous negative consequences including soil degradation, environmental pollution and increased greenhouse gas emissions. In order to overcome these problems sustainable agricultural practices such as crop rotation, cropping system, use of slow-release fertilizers and precision nitrogen management are critical in managing nitrogen use effectively. PNM is crucial for balancing agricultural productivity with environmental responsibility, economic viability and compliance with regulations. Therefore, the present investigation was conducted with the objectives to study the effect of nitrogen management practices on growth and yield of rice.

2. MATERIALS AND METHODS
The experiment was conducted during kharif season of 2022 and 2023 at ICAR Research Farm, Jharnapani, Nagaland Centre. It is located at 25˚ 45ʹ 43ʺ N latitude and 95˚ 53ʹ 04ʺ E longitude at an altitude of 310 m above the mean sea level (MSL). The site comes under Mid Tropical Hill (AZ52). The climate of an area is sub-tropical climatic zone and is subjected to extreme of weather conditions i.e., extremely hot summer and cold winter. The region lies in humid sub- tropical region with an average rainfall ranging from 2000-2500 mm annually. The soil of the experimental site was sandy loam in texture, pH (5.21) with medium EC (0.65 dS m-1) and high organic carbon (0.66 percent). The soil was medium in available nitrogen (286.65 kg ha-1), high in available phosphorus (22.86 kg ha-1) and medium in available potassium (134.47 kg ha-1). The experiment was laid out in randomised block design (RBD) with five replications. The four treatments are N1- Control, N2- Split application-based nitrogen (RDF), N3- LCC based nitrogen management and N4- SPAD based nitrogen management. No fertilizer was applied in control plot and in split based application N was applied in three times (basal + tillering stage+ panicle initiation stage). Whereas LCC and SPAD based N management 20 kg N ha-1 was applied as a basal and the remaining dose was applied. The LCC and SPAD meter reading was taken after 30 DAT in 7 days interval till flowering. The variety selected for the study was RCM-9. The topmost fully expanded leaf was placed on the top of the leaf colour chart and the colour of the middle part of the leaf was graded according to the corresponding colour strip on the LCC. During measurement, the leaf being measured was kept under the shade of the body to avoid the colour variance caused by sunlight. The LCC readings were taken at 7days intervals starting from 30 days after transplanting of rice until initiation of the flowering stage during morning (8 AM-10 AM) or afternoon (2-4 PM) under the shade of the body in order to avoid the influence of the sunlight. Unusually tall or short plants, wet and widely spaced leaves were avoided. When the colours of five leaves fell below a threshold of shade 4 on the LCC, the nitrogen was top dressed on the same day. The meter was calibrated by switching on the meter with no leaf in the sample slot, followed by completely closing the measuring head until a beep sound was heard. The meter was thus calibrated and ready for measurements. Five disease-free rice plants were randomly selected from each plot. The SPAD readings were taken at 7days intervals starting from 30 days after transplanting of rice until initiation of the flowering stage during morning (8 AM-10 AM) or afternoon (2-4 PM) under the shade of the body in order to avoid the influence of the sunlight.  SPAD meter reading was recorded from the uppermost fully expanded leaf midway between leaf base and leaf tip. The data was recorded when leaves were on the plant. The selected leaf was inserted into the sample slot of measuring head of chlorophyll meter to make sure that the sample was completely covered by the receiving window. The measuring head was kept completely closed until a beep sound was heard which indicated that measurement was over and the value appeared on the display. The chlorophyll reading was automatically saved in the meter. The head was opened and the reading for next leaf was taken in the same way. The average of all the SPAD meter readings for a plot was then noted. The average of all the SPAD readings for a plot was noted. After noting the average SPAD values of the plot, the meter was cleared for the next set of reading by pressing the" all data clear” button. When the SPAD readings of five leaves fell below a threshold value 36, the nitrogen was applied on that day. 
3. RESULTS AND DISCUSSION
The pooled data of two years showed that precision nitrogen management had significant effect on the growth and yield parameters of rice.
3.1 Growth parameters
Plant height (cm)
Observation on growth parameters were recorded and analysed statistically accessible in table 1. The height of the plant increased progressively with development of the crop growth till 90 DAT. As per pooled data analysis significantly, the highest plant height (cm) was at 60 DAT (89.93 cm) and 90 DAT (111.04 cm) recorded with SPAD based N management followed by LCC based N management. The lowest plant height was recorded from the control plot. This might be due to synchrony in application of nitrogen with crop nitrogen demand which lead to increased cell division and elongation which increases the inter nodal length sequentially increase the plant height. Similar outcome was made by Suresh et al. (2017), Goudra et al. (2019), Bhattarai et al. (2024). 
Number of tillers m-2
The number of tillers m-2 was significantly influenced by the precision nitrogen management. Maximum number of tillers m-2 at 30 DAT (248.83)	and 60 DAT (277.80)) was recorded from SPAD based N management (N4) which was statistically par with LCC based N management at 30 DAT. And minimum number of tillers m-2 was recorded from control.  The higher rate of N application at higher SPAD value was beneficial for tiller production. This might be due to favourable effect of nitrogen on cell division and tissue organization that ultimately improved tiller formation at tillering stage. This result is in conformity with Rajesh et al. (2017) and Singh et al. (2017). 

Dry matter accumulation (g) 
As per the pooled data analysis maximum dry matter accumulation was obtained from SPAD based nitrogen management found to be statistically at par with LCC based nitrogen management at 30 days intervals. The highest dry matter accumulation at 30 DAT (7.36g), 60DAT (14.23g) and 90 DAT (28.19 g) was recorded from N4 i.e. SPAD based nitrogen management. Lowest dry matter accumulation was obtained with control plot. Leaf area increased due to synchronization of applied nitrogen between crop demand and supply leads to development of more and more chlorophyll pigments which lead to increases specific leaf weight and resulted in higher light interception, root development, leaves development and plant height resulted in better dry matter production. Similar finding was also made by Ghosh et al. (2013) and Goudra et al. (2019).
Leaf area index 
 Leaf area index is often used for crop growth and yield determination and biomass assessment. LAI of rice increases with increase in crop age. The pooled data of LAI at 30 DAT and 60 DAT was obtained from SPAD based N management followed by LCC based N management. The highest leaf area index at 30 DAT (0.1015) and 60 DAT (0.1679) were recorded from N4 i.e. SPAD based nitrogen management.  The lowest leaf area index was recorded from control. The increase in leaf area index might be due to increased nitrogen levels which favoured higher uptake of nutrients by crop, that lead to rapid development in the cell number and elongation which ultimately lead to increased number and size of the leaves and these results are in close conformity with Mathukia et al. (2014), Haque and Haque (2016), Reena et al. (2017) and Sowmya et al. (2023). 
3.2 Yield parameters
  The data on yield attributes and yield of rice influence by precision nitrogen management is presented in table no. 2. The yield attributes like number of panicle m-2, panicle length and weight of the panicle were significantly influenced by different precision nitrogen management.
Number of panicle m-2
According to pooled data analysis, SPAD based N application found to be superior and recorded highest number of panicles sq.m-1 (256.97) followed by LCC based N. The lowest was recorded from the treatment N1 i.e. control plot. The highest number of panicles increases with precision nitrogen management was might be owing to uptake of nitrogen as per crop need which had substantial role to play in photosynthesis and tillering of rice and later converted to productive tillers. Similar outcomes were also reported by Ali et al. (2017) Dinesh et al. (2017), Goudra et al. (2019) and Yadav et al. (2023).
Panicle length (cm)
As per the pooled data analysis of two years, the highest panicle length (25.84 cm) was recorded from SPAD based nitrogen management (N4) followed by LCC based N application. The lowest was recorded from the control plot. The increase in yield attributes like panicle length was due to growth characters like dry matter accumulation, leaf area, leaf area index, number of tillers and plant height. Similar results were also made by Goudra et al. (2019) and (Yadav et al. (2023).
Weight of the panicle (g)
[bookmark: _Hlk201876876]The data pertinent to the weight of the panicle (g) as influenced by precision nitrogen management is presented in table 2. It is evident from the data that precision nitrogen management show significantly affected on weight of panicle (g) in both years of data observation. SPAD based N application found to be superior and recorded highest maximum weight of panicle (5.26 and 5.63 g) followed by LCC based N application (4.62 and 4.84 g) split application of N in both the years of observation. The lowest was recorded from the treatment N1 i.e. control plot. The increased in weight of panicle was might be due to constant and suitable availability of nitrogen during the late growth stages (panicle initiation to flowering) which resulted in translocation of carbohydrates, proteins and mineral nutrients from different sources during the grain filling stage and directed to the formation of a greater number of filled grains and large sized grains leading to increased grain weight panicle-1. Similar results were reported by Jain (2016) and Sheeraz et al. (2017).
Grain yield (kg ha-1)
The data shows that precision nitrogen management had great impact on grain yield. The highest grain yield (4830.83 kg ha-1) was recorded from SPAD based nitrogen application (N4) followed by LCC based N application and the lowest was recorded from the control plot (N1). The increased in grain yield might be due to timely and adequate supply of nitrogen as per the crop need that led to better crop root & shoot growth and greater nitrogen use efficiency which ultimately improved growth attributing characters like number of tillers, leaf area in different parts of plant which resulted in better translocation of photosynthates from source to sink during the crop growth. Similar results were also reported by Liu et al. (2015), Prabhudev et al. (2017), Pateel et al. (2017) and Suresh et al. (2017) and Sowmya et al. (2023).
4. CONCLUSION
[bookmark: _Hlk207897832]Based on the results of the present study, it can be concluded that precision nitrogen management significantly influenced the growth parameter and yield of the rice. In addition, also reduce the cost of fertilizer and also reduces the loss of fertilizer through leaching and runoff. Among the precision nitrogen management, SPAD based N application (N4) is an effective strategy for optimizing nitrogen use which led to be maximise crop growth, yield attributes and yield of rice. Therefore, SPAD based N application found to be productive with maintaining soil health in Dimapur district of Nagaland.







Table 1. Growth parameter of rice as influenced by precision nitrogen management (pooled mean of 2 years)
	Treatment
	Plant height (cm)
	Number of tillers m-2
	Dry matter accumulation plant-1 (g)
	Leaf area index

	
	30 DAT
	60 DAT
	90 DAT
	30 DAT
	60 DAT
	30 DAT
	60 DAT
	90 DAT
	30 DAT
	60 DAT

	N1
	53.56
	82.82
	104.09
	143.06
	147.86
	4.59
	11.56
	22.67
	0.0835
	0.1429

	N2
	55.51
	85.93
	108.26
	224.59
	244.75
	5.34
	12.62
	25.10
	0.0882
	0.1514

	N3
	57.41
	88.86
	110.15
	245.99
	258.04
	6.54
	13.29
	27.11
	0.0938
	0.1595

	N4
	59.72
	89.93
	111.04
	248.83
	277.80
	7.36
	14.23
	28.19
	0.1015
	0.1679

	SEm±
	1.70
	0.13
	0.09
	2.49
	3.49
	0.21
	0.24
	0.27
	0.00042
	0.0021

	CD at (0.05)
	NS
	0.40
	0.28
	7.67
	10.76
	0.66
	0.73
	0.84
	0.0013
	0.0063



Table 2. Yield attributes and yield of rice as influenced by precision nitrogen management (pooled mean of 2 years)
	Treatment
	Number of panicles m-2
	Panicle length (cm)
	Weight of panicle (g)
	Grain yield (kg ha-1)

	
	2022
	2023
	Pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled

	N1
	121.67
	125.11
	123.39
	23.26
	24.60
	23.93
	3.63
	3.75
	3.69
	3838.33
	3844.67
	3841.50

	N2
	224.93
	229.00
	226.96
	24.35
	25.49
	24.92
	3.65
	3.91
	3.78
	4231.67
	4343.00
	4287.33

	N3
	232.11
	234.53
	233.32
	25.29
	25.55
	25.42
	4.62
	4.84
	4.73
	4526.67
	4550.00
	4538.33

	N4
	255.39
	258.56
	256.97
	25.73
	25.94
	25.84
	5.26
	5.63
	5.45
	4823.33
	4838.33
	4830.83

	Sem±
	1.20
	1.27
	0.87
	0.15
	0.17
	0.11
	0.10
	0.12
	0.08
	10.45
	10.87
	7.54

	CD at (0.05)
	4.14
	4.38
	2.68
	0.51
	0.60
	0.35
	0.34
	0.41
	0.24
	36.17
	37.62
	23.24
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