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Effect of integrated nutrient management on black rice (Oryza sativa L) under rainfed condition of Arunachal Pradesh, India
Abstract
A field experiment was carried out during the kharif season in the year 2023 at Arunachal University of Studies, Namsai, Arunachal Pradesh to assess the effect of azolla along with organic and inorganic fertilizers on the growth, yield and economics of Black rice. The experiment was laid out in Randomized Block Design with six treatments and four replications. The results revealed that application of Azolla @ 1800 kg ha-1 + NPK @ 80:30:30 kg ha-1 + Vermicompost @ 2.5 t ha-1 result in the highest number of Panicles plant-1 (11.5), panicle length (26.75 cm), number of Tillers (17.85), height (219.75 cm), Number of grain (113.50), Grain yield (3.12 t ha-1), straw yield (4.40 t ha-1) of Black rice. Transplanted Black Rice of variety khamti black rice exhibited significantly highest gross return (₹1,29,200.00 ha-1) and cost of cultivation (₹63,961.08 ha-1) by applying Azolla @ 1800 kg ha-1 + NPK @ 80:30:30 kg ha-1 + Vermicompost @ 2.5 t ha-1 respectively. It shows significantly greater maximum net ratio (₹82,081.42 ha-1) and B: C ratio (2.05) by applying Azolla @ 1500 kg ha-1 and NK @ 80:30 kg ha-1 respectively. Therefore, in the present experiment, NPK requirements are met by applying 80:30:30 kg ha-1 combined with 1800 kg ha-1 of Azolla spp along with 2.5 tons ha-1 of vermicompost.  This approach revealed superior performance in terms of both crop yield and economic returns.
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1. Introduction
Rice (Oryza sativa L.) serves as the primary staple food for more than half of the global population. In India, it is cultivated over an area of approximately 43.86 million hectares, with an annual production of 117.47 million tonnes (FAOSTAT, 2019). Rice exhibits substantial diversity and is classified based on grain size, texture, aroma, maturity duration, growing environment and grain colour, including white (polished), black, red, purple and brown types. Among these, coloured rice varieties have gained considerable attention due to their enhanced nutritional and health-promoting attributes.
Khamti black rice is a unique traditional cultivar predominantly cultivated in the Namsai, Changlang and Lohit districts of Arunachal Pradesh. It is characterised by a high concentration of anthocyanin pigments in the aleurone layer, which imparts its distinctive violet to dark purple colour (Hou et al., 2013). In comparison with white and red rice, black rice possesses nearly six-fold higher antioxidant activity, along with relatively high protein content (8.16%) and low fat content (0.07%) (Thomas et al., 2013). Furthermore, it is gluten-free, beneficial for gut health and recognised for its medicinal properties (Jha et al., 2017). Nutritionally, black rice is rich in essential amino acids such as lysine and tryptophan, functional lipids, dietary fibre and vitamins including thiamine (B₁), riboflavin (B₂), vitamin E and folic acid. It also contains important phenolic compounds such as tocopherols and tocotrienols, which contribute to its strong antioxidant capacity. The pigmentation of black rice has been linked to the expression of the Kala4 gene, which regulates anthocyanin biosynthesis (Pratiwi et al., 2017).
In the context of sustainable agriculture, the integration of biological and organic inputs plays a crucial role in enhancing soil fertility and crop productivity. Azolla, a small, free-floating aquatic fern, is widely utilised as a biofertiliser in rice-based systems. Under typical subtropical conditions, it can produce substantial biomass equivalent to approximately 800 kg nitrogen per hectare annually (Chandrababu and Parvathy, 2025). As a nitrogen-supplying biofertiliser, Azolla significantly enhances nitrogen availability in paddy fields and has been traditionally used for centuries to increase rice yields by 20–30% (Thapa and Poudel, 2021). Additionally, the formation of a dense Azolla mat on the water surface effectively suppresses weed growth, thereby reducing competition for nutrients (Balo et al., 2022; Cheri et al., 2025). Its rapid decomposition in soil ensures timely nutrient release, further improving its efficiency as a biofertiliser (Adhikari et al., 2021).
Vermicompost is another important organic amendment that can be used independently in organic farming or as a component of integrated nutrient management strategies for rice cultivation (Banik and Sharma, 2009; Bejbaruha et al., 2009). It is produced through the decomposition of organic materials by earthworms and microorganisms and is rich in essential macro- and micronutrients, plant growth regulators and beneficial microbial populations (Cruz et al., 2024). Its application improves soil structure, enhances nutrient availability and supports sustainable crop production.
Among the essential plant nutrients, nitrogen, phosphorus and potassium play fundamental roles in plant growth and development. Nitrogen is a vital constituent of chlorophyll, proteins and enzymes, and is indispensable for photosynthesis and energy transfer processes, particularly through ATP synthesis. It also facilitates carbohydrate metabolism (Sara et al., 2013). Phosphorus is crucial for root development, efficient grain filling and improved yield and quality, and forms an integral part of energy-carrying molecules such as ADP and ATP. It is also involved in photosynthesis, cell division and tissue development (Bhattacharyya and Jain, 2000). Potassium is essential for maintaining cellular turgor and membrane potential, promoting cell expansion and regulating various enzymatic processes. It also plays a key role in stomatal regulation, pollen tube growth and the translocation of assimilates such as nitrate and sucrose (Britto and Kronzucker, 2008).
In this context, the present experiment was undertaken to evaluate the combined effect of Azolla, along with organic and inorganic fertilisers, on the growth, yield and economic performance of black rice.
2. Materials and Methods
The experiment was conducted at Arunachal University of Studies, Namsai, Arunachal Pradesh, India, during the Kharif season of 2023.The experimental farm falls under the Agro– climatic zone of Eastern Himalayan region with an average rainfall of 2309.1mm and an altitude of 131m above mean sea level. Its geographical position is 27°30-28°45 N latitude and 95°45- 96°45’ E longitude. The area falls under the Sub-humid tropical climate.
The experiment was laid out in Randomized Block Design (RBD) with four replications, each further partitioned into six sub-plots, summing up to 24 plots with dimensions of 5 m x 3 m per sub-plot. The treatments were presented in Chart 1.
Chart 1: Treatment details
	Treatment No.
	Treatment details

	T0
	Control

	T1
	Azolla @ 500 kg ha-1

	T2
	Azolla @ 800 kg ha-1 + NP @ 80:30 kg ha-1

	T3
	Azolla @ 1200 kg ha-1+ PK @ 30:30 kg ha-1

	T4
	Azolla @1500 kg ha-1+ NK @ 80:30 kg ha-1

	T5
	Azolla @ 1800 kg ha-1 + NPK @ 80:30:30 kg ha-1 + Vermicompost 2.5 t ha-1


Each treatment was uniformly broadcast across its designated plot. Khamti, a local black rice cultivar seeds were used for raising seedlings. A nursery bed measuring 5 m x 3 m was prepared and the seeds were uniformly broadcasted. After 30 days active seedlings were transplanted from nursery bed to the main research field. The recommended seed rate was 20 kg ha-1. The data was recorded and statistically analyzed by Analysis of Variance (F-test) as per the method suggested by Gomez and Gomez (1984). 
3. Results and Discussion	
3.1. Effect on crop growth and yield attributes:
Growth parameters like plant height (cm)and number of tillers (per plant) are presented in Table 1. Among various treatments, T5 (Azolla@1800 kg ha-1+ NPK @ 80:30:30 kg ha-1 + Vermicompost 2.5 t ha-1) recorded highest plant height (219.75 cm) while T3 (Azolla @ 1200 kg ha-1+ PK @ 30:30 kg ha-1) remain the shortest (190 cm). Similar results were reported by Meena et al. (2015), who demonstrated that the combined use of organic and inorganic nutrient sources was superior in enhancing the availability of nitrogen, phosphorus and potassium. The application of organic manures significantly increased the availability of these nutrients compared with the recommended dose of fertilisers (RDF) alone and the control treatment, likely due to improved nutrient retention and gradual mineralisation. Sarkar et al. (2003) further observed that chemical fertilisers supply nutrients in forms that are readily soluble in the soil solution, thereby ensuring their immediate availability to plants and supporting rapid growth and development. 
The highest number of tillers (17.85) at 120 DAT was recorded in T5 (Azolla@1800 kg ha-1+ NPK @ 80:30:30 kg ha-1 + Vermicompost 2.5 t ha-1) while lowest number of tillers (13.27) was recorded in T2 (Azolla @ 800 kg ha-1 + NP @ 80:30 kg ha-1). Nitrogen plays a vital role in promoting vegetative growth, including the development of tillers. Similarly, Hasanuzzaman et al. (2010) also reported that increase in numbers of tillers per square metre might be due to the more availability of nitrogen, which plays a vital role in cell division. Miller (2007) reported that organic sources like vermicompost supplies more balanced nutrition, which helps in increasing number of tillers per plant.
Table 1. Effect of azolla along with organic and inorganic fertilizers on growth attributes of Black rice

	Treatments
	Plant height (cm)
	Number of tillers per plant at 120 DAT

	T0
	191.5
	14.37

	T1
	194.25
	13.77

	T2
	194.75
	13.27

	T3
	190
	14.57

	T4
	196.5
	15.32

	T5
	219.75
	17.85

	SEm+
	0.81
	0.28

	CD (p=0.05)
	4.92
	2.39


3. 2. Effect on crop yield and yield attributes:	
[bookmark: _GoBack]	Observations regarding yield attributes are presented in Table 2. The treatment T5 with Azolla @ 1800 kg ha-1+ NPK@ 80:30:30 kg ha-1 + Vermicompost 2.5 t ha-1 recorded the maximum number of panicles per plant (11.50), panicle length (26.75) and number of grains per panicle (113.50). The number of panicles per plant in treatment T4 with Azolla @1500 kg ha-1 + NK @ 80: 30 kg ha-1 was statistically at par with T5. The highest number of panicles per plant at the stage of harvesting may be due to effect of combination of both organic and inorganic fertilizer which led to increase development and growth of panicles in rice crop. Hasanuzzaman et al., (2010) also reported increased panicle length with the application of NPK fertilizer. The observed increase in panicle length may be attributed to enhanced uptake and efficient utilisation of nutrients from the combined application of different fertiliser sources, which favoured improved panicle development. The integrated use of varying doses of vermicompost and inorganic fertilisers exerted a significant effect on panicle length in rice. Awan et al. (2011) also reported that the increase in panicle length under combined nutrient application could be ascribed to the greater availability of both macro- and micronutrients, leading to improved growth and reproductive development.
The highest grain yield (3.12 t ha⁻¹) and straw yield (4.40 t ha⁻¹) were recorded under treatment T₅, comprising Azolla @ 1800 kg ha⁻¹ + NPK @ 80:30:30 kg ha⁻¹ + vermicompost @ 2.5 t ha⁻¹. This enhanced performance may be due to the synergistic effect of integrated nutrient sources, ensuring both immediate and sustained nutrient availability. Earlier findings by Singh (1979a, b) also indicated that the combination of Azolla with a reduced dose of nitrogen in transplanted paddy fields resulted in higher yields, suggesting that a judicious integration of Azolla and nitrogen fertilisation can significantly improve rice productivity. The grain yield in treatment T4 with Azolla @1500 kg ha-1 + NK @ 80: 30 kg ha-1 was statistically at par with T5. Thakur et al., (2021) reported that rice yield was highest under combined application of 100 % NPK + vermicompost compared to NPK alone or farmer practice, indicating a yield improvement with vermicompost integration. Malviya et al., (2014) reported that grain and straw yields of rice varied with proportions of vermicompost and NPK; highest yields were with 100 % NPK, but performance with partial substitution using vermicompost was significant. Mannan et al., (2010) observed that number of tillers and panicles per plant, panicle length and straw yield were highest with the application of 75-40-40 kg NPK ha-1 than other doses with lesser yield at lower as well as higher doses than this.
Table 2. Effect of azolla along with organic and inorganic fertilizers on Yield and yield attributes of Black rice

	Treatments
	Number of panicles per plant at harvest
	Panicle length (cm)
	No. of grains
panicle-1
	Grain yield (t ha-1)
	Straw yield (t ha-1)

	T0
	10.65
	16.50
	89.35
	1.53
	3.28

	T1
	7.17
	18.38
	98.30
	1.60
	3.68

	T2
	8.25
	22.00
	99.00
	1.93
	3.53

	T3
	8.40
	20.50
	106.25
	2.34
	3.45

	T4
	8.75
	23.25
	109.25
	2.96
	3.78

	T5
	11.50
	26.75
	113.50
	3.12
	4.40

	SEm+
	0.34
	0.76
	2.08
	0.28
	0.19

	CD (P=0.05)
	2.10
	2.29
	6.28
	0.85
	0.56



3. 3. Economics:
	Observations regarding the economics of treatments are given in Table 3. Higher gross return (₹129200.00 ha-1) was obtained in T5 with Azolla @ 1800 kg ha-1+ NPK @ 80:30:30 kg ha-1 + Vermicompost 2.5 t ha-1. However, the minimum gross returns (₹64480.00 ha-1) were found to be in Control plot as compared to other treatments. Net returns (₹82081.42 ha-1) were found to be highest in T4 with Azolla @ 1500 kg ha-1 + NK @ 80: 30 kg ha-1, and the minimum net returns (₹31934.00 ha-1) was found to be in Control plot as compared to other treatments. Benefit Cost ratio (2.05) was found to be highest in treatment with T4 with Azolla @1500 kg ha-1 + NK @ 80:30 kg ha-1, and the minimum benefit cost ratio (0.98) was found to be in Control plot as compared to other treatments.
Table 3. Effect of azolla along with organic and inorganic fertilizers on economics of Black rice
	Treatments
	Cost of cultivation (₹ ha-1)
	Gross return (₹ ha-1)
	Net return (₹ ha-1)
	B:C ratio

	T0
	32546.00
	64480.00
	31934.00
	0.98

	T1
	34046.00
	67680.00
	33634.00
	0.99

	T2
	39668.50
	80730.00
	41061.50
	1.04

	T3
	40401.08
	97050.00
	56648.92
	1.40

	T4
	40098.58
	122180.00
	82081.42
	2.05

	T5
	63961.08
	129200.00
	65238.92
	1.02


4. Conclusion:
The present study clearly showed that T5 (Azolla @ 1800 kg ha-1+ NPK @ 80:30:30 kg ha-1 + Vermicompost 2.5 t ha-1) has got higher grain yield ((3.12 t ha-1), straw yield (4.40 t ha-1) and gross return (₹79128.25 ha-1)). Whereas net returns (₹82081.42 ha-1)) and benefit cost ratio (2.05) was found to be highest in T4 with Azolla @1500 kg ha-1 + NK @ 80: 30 kg ha-1 in Black rice. 
Disclaimer (Artificial Intelligence): 
Author(s) hereby declares that NO generative AI technologies such as Large Language Models (Chat GPT, COPILOT etc.)   and   text-to-image generators have been used during the writing or editing of this manuscript. 

References: 
Adhikari, K., Bhandari, S. and Acharya, S. (2021). An overview of Azolla in rice production: A review. Reviews in Food and Agriculture, 2(1), 4-8.
Awan, T. H., Ali, R. I., Manzoor, Z., Ahmad, M.  & Akhtar M. (2011). Effect of different nitrogen levels and row spacing on the performance of newly evolved medium grain rice variety, KSK-133. Journal of Animal and Plant Science, 21(2), 231-34.
Banik, P., Sharma, R. C. (2009). Effect of organic and inorganic sources of nutrients on the winter crops-rice based cropping systems in sub-humid tropics of India. Archives of Agronomy and Soil Science, 55(3), 285–294.
Balo, S., & Mahata, D. (2022). Azolla: A Promising Booster Towards Agricultural Productivity. Just Agriculture, 3(3), Article ID: 05.
Bejbaruha, R., Sharma, R. C.& Banik, P. (2009). Direct and residual effect of organic and inorganic source of nutrients on rice-based cropping systems in sub-humid tropics of India. Journal of Sustainable Agriculture, 33(6), 674–689.
Bhattacharyya, P.& Jain, R. K. (2000). Phosphorus solubilizing biofertilizers in the whirlpool of rock phosphate challenges and opportunities. Fert News,45, 45-51.
Britto, D. T. & Kronzucker, H. J. (2008). Cellular mechanisms of potassium transport in plants. Physiology of Plants, 133, 637- 650.
Chandrababu, A. K. & Parvathy U. (2025). Water Fern- Azolla: A Review. Agricultural Reviews, 46(1), 138-142.
Cruz, G. S. J., Hermes, P. H., Miriam, S. V. & López, A. M. (2024). Benefits of vermicompost in agriculture and factors affecting its nutrient content. Journal of Soil Science Plant Nutrition, 24(3), 4898–4917.
FAOSTAT. (2019).  Second Advance Estimates of Production of Food grains. Directorate of Economics and Statistics. New Delhi, India: Ministry of Agriculture and Farmers Welfare, Government of India.
Hou, Z., Qin, P., Zhang, Y., Cui, S. & Ren, G. (2013). Identification of anthocyanin isolated from black rice (Oryza sativa L.) and their degradation kinetics. Food Research International, 50(2), 691- 697.
Hasanuzzaman, M., Ahamed, K. U., Rahmatullah, M., Akhter, N., Nahar, K. &Rahman, M. L. (2010). Plant growth character and productivity of wetland rice (Oryza Sativa L.) as affected by application of different manures. Emirates Journal of Food and Agriculture. 22, 46-58.
Miller, H. B. (2007). Poultry litter induces tillering in rice. Journal of Sustainable Agriculture. 31(1), 1-12.
Mannan, M. A., Bhuiya, M. S. U., Hossain, H. M. A.& Akhand, M. I. M. (2010). Optimization of nitrogen rate for aromatic basmati rice (Oryza sativa L.). Bangladesh Journal of Agricultural Research, 35(1), 157-165.
Meena, J. S., Vermaand, H. P. & Pinki, P. (2015). Effect of fertility levels and biofertilizers on growth and yield of cowpea on sandy loam soil of Rajasthan. Asian Journal of soil Science.10(1), 55-58.
Malviya, P., Jha, A. K., & Upadhyay, V. (2014). Effect of different proportions of vermicompost and fertilizers on growth and yield of scented rice and soil properties. Annals of Agricultural Research, 33(4).
Rahman, M. S., Islam, M. R., Rahman, M. M. & Hossain, M. I. (2009). Effect of cowdung, poultry manure and urea N on the yield and nutrient uptake of BRRI dhan29. Bangladesh Research Publications Journal, 2(2), 552-558.
Sarkar, S., Singh, S. R. & Singh, R. P. (2003). The effect of organic and inorganic Fertilizer on soil Physical Condition and the Productivity of Rice-Lentil Cropping sequence in India. University Journal of Agricultural Research. 7(5), 177-188.
Sara, S., Morad, M. & Reza, C. M. (2013). Effects of seed inoculation by Rhizobium strains on chlorophyll content and protein percentage in common bean cultivars (Phaseolus vulgaris L.). International Journal of Bioscience, 3, 1-8.
Salahuddin, K. M., Chowhdury, S. H., Muniram, S., Islam. M. & Parvin, S. (2009). Response of nitrogen and plant spacing of transplanted aman rice. Bangladesh Journal of Agricultural Research, 34(2), 279-285
Singh, P.K. (1977). Multiplication and utilization of fern" Azolla" containing nitrogen-fixing algae symbiont as green manure in rice cultivation. Journal of Riso, 26, 125-137. 
Singh, P.K. (1979a). Symbiotic algal Nitrogen fixation and crop productivity. Annual Review of Plant Sciences,1, 37–65 
Singh, P.K. (1979b). Use of Azolla in rice production in India. In: Nitrogen and rice. International Rice Research Institute, Philippines, 407–418
Thomas, R., Wan-Nadiah, W.A. & Bhat, R. (2013). Physiochemical properties, proximate composition, and cooking qualities of locally grown and imported rice varieties marketed in Penang, Malaysia. International Food Research Journal, 20(3), 1345-1351
Thakur, R., Shrivastava, A. K., Sarvade, S., Rai, S. K., Koutu, G. K., Bisen, N. K., & Khan, M. I. (2021). Response of integrated application of inorganic fertilizers and vermicompost on rice productivity at farmer field. International Journal of Plant & Soil Science, 33(4), 25–31.
Jha, P., Das, A.J. &Deka, S.C. (2017). Optimization of saccharification conditions of black rice (cv. Poireton) using microbial strains through response surface methodology. Journal of the Institude of Brewing, 123, 423- 431.
Pratiwi, R. & Purwestri, Y.A. (2017). Black rice as a functional food in Indonesia. Functional Foods in Health and Disease, 7(3), 182-194.
Thapa, P., & Poudel, K. (2021). Azolla: Potential Biofertilizer for Increasing Rice Productivity, and Government Policy for Implementation. Journal of Wastes and Biomass Management (JWBM), 3(2), 62-68.
Cheri, B., Doruk, K., & Venu, N. (2025). Effect of Integrated Nutrient Management on Growth of Black Aromatic Rice (Oryza sativa L. indica). Journal of Scientific Research and Reports, 31(6), 1286–1293. https://doi.org/10.9734/jsrr/2025/v31i63217 



