


Effect of integrated nutrient management on productivity and profitability of betel vine (Piper betle L.) in the Coastal region of Odisha

Abstract
Integrated Nutrient Management not only ensures efficient nutrient utilization but also enhances soil organic matter, microbial activity, and long-term ecological stability. Betel vine (Piper betle L.) is a perennial, dioecious, evergreen climber of the family Piperaceae, cultivated primarily for its leaves, which are valued for mastication, medicinal use, and cultural significance across South and Southeast Asia. The paper aims to effect of integrated nutrient management on the productivity and profitability of betel vine (Piper betle) in the coastal region of Odisha. An on-farm multi-location trial was conducted in three districts of Odisha, namely Ganjam, Balasore, and Jagatsinghpur, during Kharif 2021-2022 and 2022-2023 to evaluate the impact of Integrated Nutrient Management (INM) on the growth and yield of betel vine (Piper betle L.). The study aimed to identify the most suitable combination of organic and inorganic nutrient sources for optimizing vine length, leaf yield, and overall economic benefits. The experiment was laid out in a Randomized Block Design (RBD) with three treatments and seven replications. Results revealed that the application of 50% NPK (STD), mustard oil cake (MoC) @ 1.5 t/ha, vermicompost (VC) @ 10 t/ha, and a consortia biofertilizer @ 12 kg/ha significantly improved vine length (4.86 m), leaf yield per vine (73.57 leaves), hundred fresh leaf weight (276.52 g), and total leaf yield per hectare per year (1,623,980 leaves). The findings suggest that integrating organic and inorganic fertilizer’s enhances betel vine productivity while maintaining soil health and sustainability. Based on the findings, it was concluded that betel vine recorded the highest vine length, number of leaves per vine, hundred fresh leaf weight, and leaf yield per hectare per year when treated with an integrated dose of fertilizer based on soil test values, along with mustard oil cake, vermicompost, and consortia biofertilizer.
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Introduction:
Betel vine (Piper betle L.) is a perennial, dioecious, evergreen climber of the family Piperaceae, cultivated primarily for its leaves, which are valued for mastication, medicinal use, and cultural significance across South and Southeast Asia “and or &, only one of them must be used in the entire text (Das & Mallick, 2010)”. It is an evergreen, perennial, dioecious climbing herb and presents itself as an important cash crop.  Leaf is a rich source of eugenol, chavicol, methyl chavicol (used in perfumery and medicine), and protein, minerals, vitamins and amino acids (Banik et al., 2024; Panda & Panda, 2022). The species is believed to have originated in Malaysia (Chattopadhyay & Maity, 1967). In India, betel vine cultivation is an age-old practice, commercially grown in states such as Assam, West Bengal, Bihar, Uttar Pradesh, Odisha, Karnataka, Kerala, Andhra Pradesh, Tamil Nadu, Meghalaya, and Tripura (Chandini, 2020). Odisha, particularly its coastal districts, is one of the traditional centres of betel vine cultivation, where the crop contributes substantially to rural employment and household income.
Despite its socio-economic importance, betel vine cultivation faces several challenges. Being a perennial and nutrient-exhaustive crop, continuous mono-cropping and imbalanced fertilizers use often lead to soil fertility depletion, lower productivity, and deterioration in leaf quality. Conventional reliance solely on either organic or inorganic nutrient sources has proved inadequate to sustain long-term productivity and soil health.
Integrated Nutrient Management (INM) has emerged as a viable strategy for addressing these challenges by combining organic manures, bio fertilizers, and inorganic fertilizer’s in a balanced manner. It is a modified farming method, has the potential to effectively utilise organic and inorganic resources, to improve the quality of soils and crops, and to make farming more economically viable and sustainable (Padbhushan et al., 2021). INM not only ensures efficient nutrient utilizations but also enhances soil organic matter, microbial activity, and long-term ecological stability (Debanath et al., 1985; Chandini, 2020). Recent studies confirm that the integration of oil cakes, vermicompost, and chemical fertilisers significantly improves vine growth, leaf yield, and quality attributes of betel vine under diverse agro-ecological zones (Bar and Pariari, 2020; Alam et al., 2025). Evidence from other perennial and horticultural crops further demonstrates that INM enhances nutrient use efficiency, soil fertility, and profitability while reducing environmental risks (Debbarmac et al., 2024; Kumar et al., 2023).
Considering these benefits and the limited systematic field evaluations in Odisha’s coastal region, the present on-farm multi-location trial was undertaken to evaluate the effect of INM on growth, yield, and profitability of betel vine. The study aimed to identify the most suitable combination of organic and inorganic nutrient sources that would ensure higher productivity, profitability, and sustainability in betel vine cultivation
Materials and Methods
This on-farm trial was conducted during kharif 2021-22 and kharif 2022-23 under the supervision of different Krishi Vigyan Kendra (KVKs), Balasore, Ganjam-II and Jagatsinghpur. The experiment followed a Randomised Block Design (RBD) with three treatments and seven replications. Before the initiation of the experiment, soil samples were randomly collected from different spots of the experimental fields in the three districts at a depth of 0–15 cm. A composite sample was prepared, shade-dried, processed, and analysed for physicochemical properties. Soil pH and electrical conductivity (EC) were determined in a 1:2.5 soil-to-water suspension following Jackson (1973). Organic carbon content was estimated using the Walkley and Black (1934) method. Available nitrogen was determined by the alkaline KMnO₄ method (Subbiah and Asija, 1956), while available phosphorus and potassium were analysed as per standard protocols. Soil texture was assessed using the Bouyoucos hydrometer method (Piper, 1966). The soils of the experimental sites were classified as sandy loam to loamy in texture, acidic in reaction (pH= 5.77–5.94), and characterised by low available nitrogen (197-238 kg ha⁻¹) and organic carbon (4.2-4.7 g kg-1). Available phosphorus (14.2-19.3 kg ha⁻¹) and available potassium (123-167 kg ha⁻¹). The treatments detail are Farmers Practice: 100 kg N, 50 kg P₂O₅, and 30 kg K₂O + MoC @ 3 q/ha, Technology Option (TO1): Soil Test Dose (STD) NPK + MoC @ 1.5 t/ha + VC @ 10 t/ha and Technology Option (TO2): STD (50% NPK) + MoC @ 1.5 t/ha + VC @ 10 t/ha + consortia biofertilizer (Azotobacter, Azospirillum, and PSB) @ 12 kg/ha. The biofertilizer was incubated with 300 kg VC and 15 kg lime at 30% moisture for one week before application in the rhizosphere.NPK fertilisers were applied through urea, single super phosphate, and muriate of potash. Manures and fertilisers were applied in three split doses at four-month intervals. Standard irrigation and cultural practices were followed as per package recommendations (Panse and Sukhatme, 1995). Vines were lowered twice a year and covered with soil and organic matter to enhance root development. Observations on vine growth and yield parameters were recorded from five randomly selected plants per treatment. Statistical analysis was performed as per standard procedures outlined by Panse and Sukhatme (1995).


Results and Discussion:
Vine Length
Vine length was significantly influenced by nutrient management treatments (Table 2). The Farmer’s Practice (FP) recorded a mean vine length of 3.12 m. Application of STD (50% NPK) along with 1.5 t/ha mustard oil cake (MoC) and 10 t/ha vermicompost (VC) in TO1 increased vine length to 4.31 m, representing a 38.1% improvement over FP. TO2 (STD 50% NPK + MoC 1.5 t/ha + VC 10 t/ha + consortia biofertilizer 12 kg/ha) further enhanced vine length to 4.86 m, which was significantly higher than all other treatments. The increased vine growth in TO2 may be attributed to enhanced nutrient uptake, particularly nitrogen and micronutrients, which promote carbohydrate accumulation and metabolic activity, as reported by Preethy et al. (2016); Bar and Pariari (2020).

Number of Leaves per Vine
Leaves are the main economic product of the betel vine. Treatment Option (TO2) produced the highest number of leaves per vine (73.57), which was 11% higher than Treatment Option (TO1) and 26% higher than FP. This improvement is attributed to balanced nutrient supply, enhancing vegetative growth and physiological activity. Similar trends have been reported by Maiti et al. (1995), Saikia et al. (1995), Dey et al. (2003), Das et al. (2010), an Imam et al. (2012), confirming the role of integrated nutrient management (INM) in improving leaf yield.
Hundred Fresh Leaf Weight
Significant differences were observed in the fresh weight of 100 leaves. Treatment Option (TO2) recorded the highest weight (276.52 g), which was 4.24% greater than Treatment Option (TO1) and 13.96% higher than FP (Table 2). The increased leaf biomass is attributed to improved nutrient availability and uptake, which enhance leaf expansion and thickness. These findings are consistent with Umesha et al. (2011); Hegde et al. (2012), who observed higher leaf weight under integrated nutrient management.
Leaf Yield per Hectare per Year
Annual leaf yield per hectare was significantly affected by nutrient management. Treatment Option (TO2) achieved the highest yield (1,623,980 leaves), followed by Treatment Option (TO1) (1,512,595 leaves) and FP (1,196,390 leaves) (Table 2). The superior leaf yield under Treatment Option (TO2) is due to optimised utilisation of both organic and inorganic nitrogen sources, confirming the advantage of INM over single-source fertilisation. These results align with Dey et al. (2003), Imam et al. (2012), and Bar and Pariari (2020), who reported maximum leaf production when chemical fertilisers were supplemented with organic manures and biofertilizers.
Economics
Economics is a critical factor in the adoption of any agricultural technology. Farmers are more likely to adopt a practice if it offers a profitable return. The data related to cost of cultivation (Rs. ha⁻¹), gross return (Rs. ha⁻¹), net return (Rs. ha⁻¹), and the benefit-cost (B:C) ratio are presented in Table 3. The maximum total cost of cultivation (Rs. 176,400 ha⁻¹) was calculated for treatment TO2, followed by TO1 (Rs. 175,200). The highest gross return (Rs. 487,194 ha⁻¹) was obtained in treatment TO2, followed by Rs. 453,778 ha⁻¹ in TO1. The highest net return (Rs. 310,794 ha⁻¹) was obtained in treatment TO2, followed by Rs. 278,578 ha⁻¹ in TO1. The B:C ratio was highest in treatment TO2, followed by TO1, and then FP.
Conclusion
 Based on the findings, it was concluded that betel vine recorded the highest vine length, number of leaves per vine, hundred fresh leaf weight, and leaf yield per hectare per year when treated with an integrated dose of fertiliser based on soil test values, along with mustard oil cake, vermicompost, and consortia biofertilizer. The economic analysis also confirmed that treatment TO2 was the most profitable, supporting the integrated approach for sustainable betel vine production.
Table 1. Chemical properties of the experimental soils
	Initial Soil Parameters
	Balasore
	Ganjam-II
	Jagatsingpur

	pH
	5.94
	5.77
	5.85

	EC (dSm-1)
	0.17
	0.12
	0.21

	Organic carbon (g kg-1 Soil)
	4.2
	4.5
	4.7

	Available Nitrogen (kg ha-1)
	197
	224
	238

	Available Phosphorus (Bray’s -1) 
(kg ha-1)
	14.2
	19.3
	18.8

	Available Potassium (kg ha-1)
	123
	167
	147


Table 2. Effect of different treatments on yield and yield-contributing characters of betel leaf during 2021-22 and 2022-23

	Treatments
	Vine length(m)
	No. of leaves/vine(on  number basis)
	Hundred fresh leaf weight (g)

	Leaf yield/ha/year (on a number basis)

	FP : N:P2O5:K2O
@100:50:30+MoC@3q/ha
	3.12
	58.35
	242.64
	11,96,390

	TO1: STD(50% NPK)+ MoC @1.5t/ha+VC@10t/ha
	4.31
	66.27
	265.27
	15,12,595

	TO2: STD(50% NPK)+ MoC @1.5t/ha+VC@10t/ha+ Consortia BF@ 12kg/ha
	4.86
	73.57
	276.52
	16,23,980

	CD (p=0.05)
	0.48
	5.16
	4.89
	102548.62
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