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ABSTRACT
 A field experiment 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 variety use in the experiment was RCM-9.  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 (7.41), 60 (15.68) and 90 (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. In Nagaland, rice is grown throughout the state and covers an area of 2,11,130 ha with a production of 5,54,669 mt out of which upland rainfed condition occupies an area of 90,496 ha with a production of 1,79,227 mt in 2022-23 (Anonymous, 2023).
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. During the past century, the global consumption of nitrogen has seen a steady increase. Consumption of fertilizer-N increased from 0.6 Mt in 1965–66 to 17.4 Mt in 2015–16; the country has emerged to be the second largest producer and consumer of nitrogen in the world. There exists a vast scope to increase N consumption further in India, as the current per hectare N consumption at 89.7 kg is still very low compared to many developed and even neighbouring developing countries. Based on current pricing policy and growth trends, it is estimated that the demand and supply of N in India by 2030 would be 23.45 and 18.76 Mt, respectively, leaving a gap of 4.69 Mt. (Tewatia and Chanda, 2017). Nitrogen (N) stands as the foremost essential nutrient in rice production across the globe. Tailoring N–fertilizer application based on demand and thorough in-situ examination can significantly enhance rice production (Bo et al., 2020). This approach not only boosts yield by enhancing grain filling quality, increasing tiller numbers, and improving plant vitality, but also maintains and regulates the physiological processes of rice (The et al., 2021). 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 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. There are also different types of gadgets available for improving nitrogen use efficiency such as leaf colour chart (LCC) and crop sensors like 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. The soil-plant analysis development (SPAD) meter is a low-cost, rapid, simple, and non-destructive apparatus for diagnosis of crop N nutrition that has facilitated research in plant physiological ecology during the past few decades. It is widely used to monitor leaf N status of many crops, including cotton durum wheat and maize (Singh et al., 2011) and irrigated 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, acidic (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 20kg 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 colour of the single leaf was measured by holding the leaf colour chart vertically and placing the middle part of leaf in front of colour strip for comparison, as prescribed by IRRI, Philippines in 1996. The chlorophyll meter readings were taken with SPAD-502 chlorophyll meter by selecting top most fully expanded leaf up to 50 percent flowering stage (Babu et al., 2000).
3. RESULTS AND DISCUSSION
3.1 Growth parameters
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 highest plant height (cm) was 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). The number of tillers m-2 was significantly influenced by the precision nitrogen management. Maximum number of tillers m-2 at 30 DAT () and 60 DAT () was recorded from SPAD based N management which was statistically par with LCC based N management at 30 DAT. 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). 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. 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 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 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 was significantly influenced by different precision nitrogen management. According to pooled data analysis, the maximum number of panicle m-2 (256.97), panicle length (25.84 cm) and weight of the panicle (5.45 g) was recorded from SPAD based N application followed by LCC based N application. The lowest yield attributes were recorded from the control. The increase in yield attributes was due to growth characters like dry matter accumulation, leaf area, leaf area index, number of tillers and plant height. 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). 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).
The data shows that precision nitrogen management had great impact on grain yield. The highest grain yield was recorded from SPAD based nitrogen application followed by LCC based N application and split application of nitrogen. The increased in grain yield with precision nitrogen management be due to timely and adequate supply of nitrogen as per the crop need that led to better crop root and 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. The results are in conformity with Pateel et al. (2017), Suresh et al. (2017) and Sowmya et al. (2023).

4. CONCLUSION
[bookmark: _Hlk207897832]From the above results of this study, it can clearly conclude that SPAD based N application 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
	0-30 DAT
	30-60 DAT
	60-90 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




5. Reference 
Anonymous, 2023. Nagaland Statistical Handbook, 2020. Directorate of Economics and Statistics, Nagaland Kohima. Pp:19-31.

Babu M, Nagarajan R, Ramanathan SP., 2000. Optimizing chlorophyll meter (SPAD) threshold value for different seasons and varieties in irrigated lowland rice systems of the Cauvery Delta zone, Tamil Nadu, India. International Rice Research.  25:27-28.

Bhattarai, K., Pandey, K. R., Marahatta, S., Dhakal, M., Bhusal, N. R. and Thapa, R., 2024. Precision Nitrogen Management in Spring Rice (Oryza sativa L.) using Decision Support Tools in Chitwan, Nepal. Turkish Journal of Agriculture - Food Science and Technology. 12(6): 955-965.

Bo, W., Genyou, Z., Shiyang, G., Xiaohui, Li., Jiaqi, Y., and A., Hu. (2020). Improving Nitrogen Use Efficiency in Rice for Sustainable Agriculture: Strategies and Future Perspectives. Reproductive and developmental Biology. 12(10):1653-1653.
Chaudhary, M. M., Chaudhari, H. L., Patel, J. A., Patel, C. K., & Patel, H. K. 2019. Precision nitrogen management in cereal crops. International Journal of Agricultural Sciences. 11(8), 8317–8321.
Dinesh, D., Baskar, A and Rajan, K., 2017. Effect of cultivation methods and nitrogen management strategies on growth and yield of rice (Oryza sativa L.) grown in coastal alluvial soils of Southern India. International Journal of Current Microbiology and Applied Sciences. 6(3): 2176-2187.
Ghosh, M., Dillip, K. S., Madan, K. J. and Virendra, K. T., 2013. Precision nitrogen management using chlorophyll meter for improving growth, productivity and N use efficiency of rice in Subtropical climate. Journal of Agricultural Sciences. 5(2):253-266.
Goudra, S., Mudalagiriyappa, Hanumanthappa, D.C., Murthy, K.N.K., Basavaraja, P. K. and Kumar, M. K. P., 2019. Influence of precision nitrogen management through crop sensors on growth and yield of aerobic rice (Oryza sativa L.). Journal of Pharmacognosy and Phytochemistry. 8 (6): 2409-2413.
Haque, M. A. and Haque, M. M., 2016. Growth, yield and nitrogen use efficiency of new rice variety under variable nitrogen rates. Journal of Plant Sciences.7(3):612-622. 
Jain, V. K., 2016. Fundamentals of Plant Physiology. S. Chand Publishers, India pp 1- 723.
Mathukia, R. K., Puja, R. and Dadhania, N. M., 2014. Climate change adaptation: real time nitrogen management in maize (Zea mays L.) using leaf colour chart. Current World Environment. 9(3):1028-1033.
Pateel, V. L., Veeresh, H., Narayana, K. R., Gaddi, A. K. and Basavanneppa, M. A., 2017. Use of chlorophyll meter and optical sensors for nitrogen management in direct seeded rice. Journal of Farm Sciences. 30(3):365-369.
Rajesh, K., Thatikunta, R., Naik, D. S. and Arunakumari, J., (2017). Effect of Different Nitrogen Levels on Morpho Physiological and Yield Parameters in Rice (Oryza sativa L.). International Journal of Current Microbiology and Applied Sciences. 6(8): 2227-2240.
Reena, V. C., Dhyani, S. C. and Himansu, S. G., 2017. Growth, yield and nitrogen use efficiency in wheat as influenced by leaf colour chart and chlorophyll meter-based nitrogen management. International Journal of Current Microbiology and Applied Sciences. 6(12):1696 1704.
Sheeraz, A.W., Sameera, Q., Mohammad, A. B., Aijaz, A. S., Tariq, A. B. and Sharbat, H. 2017. Effect of varying sowing dates and nitrogen levels on growth and physiology of scented rice. Oryza. 54(1): 97-106.
Singh AK, Bhatt RK, Sharma RK and Jat RA., 2017. Precision nitrogen management in wheat: An Indian perspective, Nutrient Cycling in Agroecosystems. 108(1): 23-40.
Singh,V., Singh, Y., Singh, B., Thind, H. S., Kumar, A. and Vashistha, M. 2011. Calibrating the leaf colour chart for need based fertilizer nitrogen management in different maize (Zea mays L.) genotypes. Field Crops Research. 120: 276-282.
Sowmya, D., Hemalatha, S., Vineetha, U. and Prasanthi, A., (2023). Growth and yield attainment of Rabi rice (Oryza sativa L.) under precision nitrogen management practice. The Pharma Innovation Journal.12(3): 310-312.
Suresh, M., Balaguravaiah, D. and Jayasree, G., 2017. Effect of site- specific nitrogen management on yield, nitrogen use efficiency and nutrient uptake in rice (Oryza sativa L.) Indian Journal of Pure and Applied Biosciences. 5(4):1813-1820.
Tewatia, R. K. and Chanda, T. K. 2017. Trends in Fertilizer Nitrogen Production and Consumption in India. The Indian Nitrogen Assessment. 45-56.
The, S. V., Snyder, R. and Tegeder, M. 2021. Targeting Nitrogen Metabolism and Transport Processes to Improve Plant Nitrogen Use Efficiency. Frontiers in plant science. 11: 628366.
Yadav, R. K., Kumar, R., Singh, D., Yadav, A. and Singh, R. P., 2023. Study the effect of real time nitrogen management in transplanted rice of Eastern Uttar Pradesh. The Pharma Innovation Journal. 12(6): 2933-293.

