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Abstract
A field experiment was carried out during the kharif season in the year 2023-2024 at Arunachal University of Studies, Namsai, Arunachal Pradesh to assess the effect of azolla along with organic and inorganic fertilizer on the growth and yield of Black rice. The experiment was laid out in randomized block design with six treatments and four replications. The result revealed that application of Azolla @ 1800 kg ha-1 + NPK @ 80:30:30 + Vermicompost @ 2.5 tons ha-1 result in the highest number of Panicles plant-1 (11.5), panicle length (26.75cm), number of Tillers (17.85), height (219.75 cm), Number of grain (113.50), Grain yield (3.12 kg plot-1), straw yield (4.40 kg plot-1) of Black rice.Transplanted Black Rice of variety khamti black rice exhibited significantly greater maximum 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 + Vermicompost @ 2.5 tons 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 respectively.Therefore, in the present experiment, NPK requirements are met by applying 80:30:30 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.) is the staple food for more than half of the world’s population. In India, it is cultivated over an area of 43.86 million hectares with 117.47 million tons of production (Anon, 2019). Rice is of different types based on the size of grains, texture, aroma, maturity duration, growing environment and colour (polished, black, red, purple and brown). The coloured rice varieties are considered to have numerous health benefits. Black rice (Oryza sativa L. indica) is a special cultivar of rice which contains remarkably high anthocyanin pigments in the aleurone layer than white and red rice which account for its violet or dark purple colour (Hou et al., 2013). Black rice is almost six times richer in antioxidants activities, have high protein content (8.16%) and low-fat content (0.07%) (Thomas et al., 2013) as compared with other rice varieties, is gluten free, gut friendly and a natural cleaner with many medicinal values (Jha et al., 2017). Black rice contains essential amino acids like lysine, tryptophan, functional lipids, dietary fibre, vitamins such as vitamin B1, vitamin B2, vitamin E, folic acid and phenolic compound (tocopherol’s, tocotrienol’s). A recent study reported that pigmentation in black rice results from the activity of the Kala4 gene, which is necessary for anthocyanin synthesis (Pratiwi et al., 2017). Azolla, a small aquatic proliferating, free floating water fern, functions as a nitrogen-supplying biofertilizer that complements paddy fields by significantly increasing the nitrogen available for rice cultivation. It has been used as a 'green' nitrogen fertilizer for thousands of years to enhance rice production (Thapa & Poudel, 2021). Research findings indicate that Azolla enhances crop productivity by 20 to 30%. In rice fields, the dense mat of Azolla effectively inhibits the growth of weeds (Balo et al., 2022). Vermicompost can be used alone for organic farming and as a component of integrated nutrient management for rice production (Banik and Sharma 2009;Bejbaruhaet al. 2009). Nitrogen is required by plants in the processes of photosynthesis and photosynthesis and is involved in the energy reactions in the form of ATP; a key component of chlorophyll, proteins and enzymes; and assists the plants in the synthesis and use of carbohydrates (Mengel and Kirkby, 2001; Sara et al., 2013). Phosphorus plays a crucial role in the root proliferation, consistent grain filling and higher grain yield and quality as well being a constituent of nucleotides such as in ADP and ATP energy bonds. It also being involved in many processes such as photosynthesis, mitotic activities, tissue growth and development (Bhattacharyya and Jain, 2000). Potassium is essential for the maintenance of electrical potential across cellular membranes and cellular turgor enhancing the cell expansion and enlargement, opening and closing of stomata, and pollen tube development. It is also involved in activation of many enzymes, translocation of nitrate and sucrose (Britto and Kronzucker, 2008).
2. Materials and Methods
The experiment was conducted at Arunachal University of studies, Namsai, Arunachal Pradesh during the Kharif season of 2023.The experimental farm falls under the agro– climatic zone of eastern Himalayan region with average rainfall 2309.1mm at an altitude of 131m above mean sea level. Its geographical position is 27°30-28°45 N latitude and 95°45- 96°45 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 3 m x 4 m per sub-plot. The treatments were T0 : Control, T1 : Azolla @ 500 kg ha-1, T2 : Azolla @ 800 kg ha-1 + NP @ 80:30, T3:  Azolla @ 1200 kg ha-1+ PK @ 30:30, T4 : Azolla @1500 kg ha-1+ NK @ 80: 30, T5 : Azolla @1800 kg ha-1+ NPK @ 80: 30:30 + Vermicompost  @ 10 tons ha-1. Each treatment was uniformly broadcasted across its designated plot.  Nursery bed was raised with the spacing of 5 m x 3 m and the seeds were broadcasted evenly. 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 viz. plant height (cm)and number of tillers (per plant) are presented in Table-1. Among various treatments, T5 (Azolla@1800 kg ha-1+ NPK+ Vermicompost) recorded tallest plant(219.75 cm) while T3 (Azolla @ 1200 kg ha-1+ PK @ 30:30) remain the shortest (190 cm).Similar results were reported by Meena et al. (2015)who found that the superiority of using organic and inorganic sources of nutrients together resulted in availability of N, P, K which increased significantly with application of organic manures as compared to RDF and control. Sarkar et al. (2003) also found that chemical fertilizer offer nutrients which are readily soluble in soil solution and thereby instantaneously available to plants. 

The highest number of tillers (17.85) at 120 DAT was recorded in T5 (Azolla@1800 kg ha-1+ NPK+ Vermicompost) while lowest number of tillers (13.27) was recorded in T2 (Azolla @ 800 kg ha-1 + NP @ 80:30). 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 organic sources offer more balanced nutrition which has caused better affectivity of tillers in plants growth with vermicompost.
Table 1.Combination 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- Control
	191.5
	14.37

	T1- Azolla @ 500 kg ha-1
	194.25
	13.77

	T2 - Azolla @ 800 kg ha-1 + NP @ 80:30
	194.75
	13.27

	T3 - Azolla @ 1200 kg ha-1+ PK @ 30:30 
	190
	14.57

	T4 - Azolla @1500 kg ha-1+ NK @ 80: 30 
	196.5
	15.32

	T5- Azolla @ 1800 kg ha-1 + NPK @ 80: 30:30 + Vermicompost 2.5tons ha-1
	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:	
	Observations regarding yield attributes are recorded in Table 2. The treatmentT5with Azolla@1800 kg ha-1+ NPK+ Vermicompost 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 T4with Azolla @1500 kg ha-1 + NK @ 80: 30 is statistically at par with T5. The highest number of panicles per plant at the stage of harvestingmay 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 the increased panicle length with the application of NPK fertilizer. These might be due to higher absorption of different fertilizer by the plant that favoured to produce the longer panicle. Combined application of different doses of vermicompost and fertilizer had significant effect on panicle length of rice. Awan et al. (2011) reported that increase in panicle length in response to combined use of organic and inorganic fertilizers might be due to more availability of macro as well as micronutrients.
The highest grain yield (3.12ton ha-1) and straw yield (4.40 ton ha-1) was recorded in treatment T5with Azolla@1800 kg ha-1+ NPK+ Vermicompost. Combination of Azolla with lower dose of Nitrogen in planted paddy fields gave higher paddy yield, thus a judicious combination of azolla and nitrogen provides a better yield (Singh 1979 a,b). The grain yield in treatment T4with Azolla @1500 kg ha-1 + NK @ 80: 30 is 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 increased most by 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.Combination effect of azolla along with organic and inorganic fertilizers on Yield and yield attributes of Black rice

	Treatments
	Number of panicles per plant at harvesting stage
	Panicle length (cm)
	No. of grain
panicle-1
	Grain yield (tonha-1)
	Straw yield (tonha-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 T5with Azolla@1800 kg ha-1+ NPK+ Vermicompost. 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 T4with Azolla @1500 kg ha-1 + NK @ 80: 30, 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 T4with Azolla @1500 kg ha-1 + NK @ 80: 30, and the minimum benefit cost ratio (0.98) was found to be in Control plot as compared to other treatments.
Table 3.Combination 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 @1800kg ha-1+ NPK+ Vermicompost)has got higher grain yield ((3.12ton ha-1), straw yield (4.40 ton ha-1) andgross return (79128.25 ₹ha-1)). Whereas net returns (82081.42₹ha-1))and benefit cost ratio (2.05) was found to be highest in T4with Azolla @1500 kg ha-1 + NK @ 80: 30 in Black rice. 
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