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Abstract
Maintaining soil fertility and optimizing input use are vital for the long-term productivity of Indian mustard (Brassica juncea L.). Excessive use of chemical fertilizers in major mustard-growing regions has caused nutrient imbalances, soil degradation, and reduced profitability. Integrated nutrient management (INM), which combines chemical fertilizers with organic amendments and biofertilizers, provides an effective approach to sustain yields while improving soil health. A field experiment was conducted at Jigyasa University’s Agronomy Research Farm, Dehradun, during the Rabi season of 2023–2024 to evaluate the effects of INM on soil fertility and economic performance. The randomized block design included nine treatments involving vermicompost, biofertilizers (Azotobacter + PSB), and recommended doses of fertilizers (RDF). Soil samples before sowing and after harvest were analyzed for pH, electrical conductivity (EC), organic carbon (OC), and available nitrogen (N) and phosphorus (P). Economic parameters such as cost of cultivation, gross return, net return, and benefit–cost (B:C) ratio were also assessed. The results indicated substantial improvements in soil fertility under INM compared to RDF alone. The treatment with 80% RDF + vermicompost + biofertilizer (T4) recorded the highest post-harvest OC (1.11%), while sole RDF (T1) showed the lowest (0.49%). T4 also had the highest available nitrogen (165.10 kg/ha) and phosphorus (15.43 kg/ha), reflecting enhanced nutrient mineralization and solubilization due to organic inputs and beneficial microbes. Soil pH and EC stabilized under integrated treatments, indicating better regulation of soil chemical properties. Economically, T4 remained the most profitable, with gross return of ₹124,111.70/ha, net return of ₹80,125.66/ha, and B:C ratio of 1.82. Treatments with only vermicompost (T8) or only biofertilizers (T9) were less profitable because of lower yields and higher input costs. Overall, INM with vermicompost and biofertilizers along with 80% RDF improved soil fertility, enhanced productivity, and increased economic returns, offering a sustainable and profitable nutrient management option for mustard cultivation.
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Introduction
The sustainability of mustard (Brassica juncea L.) cultivation is closely tied to the nitrogen cycle, soil fertility, and overall input efficiency. Mustard is often grown in resource-limited and rainfed environments, yet repeated cultivation and the use of high-yielding varieties have caused significant depletion of soil nutrients, particularly sulfur, phosphorus, and nitrogen (Ajnar & Namdeo, 2021; Dongarwar et al., 2007). Reliance on conventional fertilizers has not consistently maintained long-term soil productivity and has at times contributed to nutrient imbalance, environmental concerns, and soil deterioration. Integrated nutrient management (INM), involving the combined use of crop residues, chemical fertilizers, organic manures, and biofertilizers, offers a holistic approach for sustaining soil fertility and ensuring balanced nutrient supply (Chandan et al., 2019; Tripathi et al., 2010). Organic inputs like vermicompost and farmyard manure improve soil structure and microbial activity, while biofertilizers enhance nutrient solubilization and rhizosphere function (Chaurasiya et al., 2024). Together with mineral fertilizers, these components increase nutrient-use efficiency, reduce ecological risks, and support long-term soil health. Nutrient management practices strongly influence profitability, production costs, and gross returns in mustard cropping systems (Ajnar & Namdeo, 2021). Balanced fertilization and organic amendments improve cost–benefit outcomes by boosting yield per unit of input, reducing dependence on synthetic fertilizers, and strengthening production sustainability. Assessing the combined effects of organic and inorganic nutrient sources on soil properties and farm economics is essential for developing durable production strategies (Chandan et al., 2019). This study aims to analyze the effects of various INM treatments on soil fertility indicators and economic returns in mustard cultivation, offering practical insights for small and marginal farmers seeking sustainable nutrient management solutions.
2. Review of literature
When organic and inorganic nutrient sources are integrated under INM, substantial improvements in soil fertility, nutrient uptake, and farm profitability have been reported in mustard cultivation. Pal and Pathak (2016) recorded the highest benefit–cost ratio (1.92) and a 38% increase in gross returns with 100% NPK + FYM, confirming strong economic viability. Ajnar and Namdeo (2021) observed maximum nutrient uptake with 75% RDF combined with vermicompost, sulfur, and biofertilizers. Bora et al. (2020) highlighted the contribution of FYM in enhancing soil moisture retention and productivity in late-sown toria, while Singh et al. (2021) showed that integrating organics with urea improved soil organic carbon, microbial activity, and profitability. Vermicompost, when supplemented with sulfur and micronutrients, enhanced soil physico-chemical properties, nutrient availability, and oilseed quality as reported by Chandan et al. (2018). Collectively, these findings establish INM as a sustainable nutrient strategy that strengthens soil fertility, improves nutrient cycling, enhances economic returns, and reduces dependence on chemical fertilizers in mustard-based cropping systems. 
3. Materials and Methods
The field experiment "Effects of Integrated Nutrient Management on Soil Fertility and Economics of Indian Mustard (Brassica juncea L.) in Dehradun, Uttarakhand" was carried out by the Agronomy Research Farm at Jigyasa University (formerly Himgiri Zee University) in Dehradun, Uttarakhand, during the Rabi season of 2023–2024. At 31°21′50″ N latitude and 78°18′27″ E longitude, the experimental site is situated 650 meters above mean sea level and represents the Shivalik foothill zone of the Western Himalayas. The soil's characteristics included a sandy loam texture, a pH of 7.47, a moderate level of alkalinity, a high level of available K, a medium level of accessible N and P, and 0.75% organic carbon. 1.37 µS/cm was its electrical conductivity.
The experiment was conducted in a Randomized Block Design (RBD) with three replications and nine treatment combinations integrating inorganic fertilizers, organic manure, and biofertilizers. The treatments were:
[bookmark: _Hlk208335300]T₁: Control (no nutrient application); T₂: 100% RDF (80:60:40 kg N:P₂O₅:K₂O/ha);                    T₃: 75% RDF + Vermicompost @ 5 t/ha; T₄: 75% RDF + Biofertilizers (Azotobacter + PSB); T₅: 50% RDF + Vermicompost @ 5 t/ha + Biofertilizers; T₆: 100% RDF + Vermicompost @ 2.5 t/ha; T₇: 100% RDF + Biofertilizers (Azotobacter + PSB); T₈: Vermicompost @ 5 t/ha (sole application);T₉: Biofertilizers (Azotobacter + PSB) alone.
October 20, 2023, saw the planting of the test crop, HY-805 mustard, which was harvested on March 5, 2024. Standard recommendations and treatment parameters were followed when applying fertilizer and using cultural procedures.  To evaluate the fertility of the soil, composite soil samples were collected from each plot at a depth of 0 to 15 cm both before and after harvest. The samples were tested for soil pH and electrical conductivity (EC) using a conductivity meter and a digital pH meter (Jackson, 1973). The organic carbon was calculated using the Walkley and Black (1934) method. The alkaline KMnO₄ method (Subbiah & Asija, 1956), Olsen's method (Olsen et al., 1954), and flame photometry were used to estimate the available N, P, and K.
For economic evaluation, the cost of cultivation for each treatment was determined using the current input prices on the market (labor, fertilizers, vermicompost, and biofertilizers). Gross returns were calculated by multiplying seed yield by market price; net returns were calculated by deducting cultivation costs from gross returns. The benefit–cost (B:C) ratio was calculated as: B:C ratio=  
ANOVA was used to statistically evaluate the gathered data in accordance with Gomez and Gomez's (1984) technique. The 5% level of significance was applied for comparing treatment means.
4. Result and discussion
4.1. Effect on Soil Fertility Parameters
The results in Table 1 and Fig. 1 show that integrated nutrient management markedly affected soil nutrient availability after mustard harvest. Post-harvest soil pH ranged from 7.39 to 7.73, with vermicompost and biofertilizer treatments such as T4 causing a slight reduction, indicating improved soil buffering due to organic inputs (Ajnar & Namdeo, 2021; Solanki et al., 2015; Chandan et al., 2019). The lowest EC (1.36–1.55 dS m⁻¹) recorded in T5 reflected the role of organics in maintaining salt balance (Tripathi et al., 2010). Soil organic carbon increased significantly under integrated treatments; T1 (100% RDF) had the lowest SOC (0.49 g kg⁻¹), whereas T4 had the highest (4.11 g kg⁻¹), attributed to organic additions from vermicompost and biofertilizers (Meena et al., 2013; Chandan et al., 2019).
Available nitrogen ranged from 212.40 to 269.85 kg/ha, with T4 (80% RDF + vermicompost + Azotobacter + PSB) recording the highest and T1 the lowest. The rise in N was associated with biological N fixation, enhanced mineralization, and the gradual nutrient release capacity of vermicompost, consistent with findings of Meena et al. (2013), Shankar et al. (2002), and Ajnar and Namdeo (2021). Available phosphorus ranged from 16.80 to 23.74 kg/ha, with T4 showing the maximum due to organic acid production and phosphate solubilization by PSB, similar to results reported by Banerjee et al. (2011) and Singh et al. (2011). The combined use of fertilizers, biofertilizers, and organics enhanced nutrient availability more effectively than individual sources by increasing microbial activity, mineralization, and CEC. Biofertilizers played a key role in N fixation and P solubilization, improving nutrient-use efficiency. These results confirm that INM maintains higher N and P levels, supporting long-term soil fertility and productivity (Meena et al., 2013; Ajnar & Namdeo, 2021).
4.2. Effect on Economics of Mustard Cultivation
Each treatment incurred varying cultivation costs depending on the type and quantity of inorganic and organic inputs. The 100% RDF treatment (60 kg N, 30 kg P₂O₅/ha) had the lowest cost, as chemical fertilizers such as urea and single superphosphate were less expensive than organic manures. In contrast, the 10 t/ha FYM treatment had the highest cost due to bulk manure, transportation, and labor (Ajnar & Namdeo, 2021). Gross returns were highest under integrated treatments. The 75% RDF + 5 t/ha FYM treatment produced the highest gross returns, while the 2.5 t/ha poultry manure + 25% RDF treatment had lower returns, likely due to insufficient N supply (Tripathi et al., 2010). Moderate yield gains in some treatments were offset by higher input costs, resulting in the highest net returns with 75% RDF + 5 t/ha FYM and the lowest with 25% RDF + 5 t/ha poultry manure (Singh and Singh, 2014). The benefit-cost (B:C) ratio, a key profitability indicator, was highest for 75% RDF + 5 t/ha FYM, demonstrating the economic advantage of combining chemical fertilizers with organics. Solely organic treatments had lower B:C ratios due to high input costs and relatively lower yields. These findings are in line with Dhaka et al.,(2024), Tripathi et al. (2010), and Singh and Singh, (2014), who reported that INM improves the B:C ratio by balancing cost, yield, and market returns.
Summary
Studies of soil after harvest showed that INM techniques made the soil healthier than just using chemical fertilizers. The lowest soil pH (7.39) and EC (1.36 dS m⁻¹) were seen with integrated treatments, which shows that organics had a positive effect. The addition of organic matter caused a large increase in carbon, as shown by the highest soil organic carbon (SOC) level (4.11 g/kg) under T4. In the same way, treatments with 100% RDF and vermicompost increased the amount of available K, while T4 increased the amount of available N and P. These results show that INM is a better way to keep soil fertile than just giving it inorganic nutrients.  T4 had the highest economic net return (₹80,125.66/ha) and B:C ratio (1.82), even though it cost more to grow. Treatments that mixed fertilizers and organics came next. T9 (biofertilizer alone), on the other hand, had the lowest returns and profits.
Conclusion
In addition to raising mustard output, integrated nutrient management may be stated to preserve soil fertility by boosting organic carbon and nutrient availability. The greater cultivation expenses linked to integrated techniques are compensated for by increased yields and profitability. Thus, INM turns out to be a useful and sustainable way to manage the nutrients in mustard, ensuring long-term soil health and financial sustainability.
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Table 1: Effect of Integrated Nutrient Management on Soil Properties after Mustard Harvest
	Treatments
	Available N (Kg/ha)
	Available P (Kg/ha)
	Soil pH
	Soil E.C. (dS/m)
	Soil O.C. (%)

	T1 (100% RDF @ N:83.58g, P:75.12g, K:47.4g)
	132.87
	10.30
	7.73
	1.37
	0.49

	T2 (80% RDF @ N:69.65g, P:62.60g, K:32g + Vermicompost @9kg)
	136.84
	12.37
	7.47
	1.47
	0.60

	T3 (80% RDF @ N:69.65g, P:62.60g, K:32g + Biofertilizer (Azotobacter+ PSB@500 ml/kg Seed)
	153.83
	14.63
	7.45
	1.43
	0.50

	T4 (80% RDF + Vermicompost @9kg + Biofertilizer (Azotobacter+ PSB@500 ml/kg Seed)
	165.10
	15.43
	7.39
	1.35
	1.11

	T5 (60% RDF @ N:52.24g, P:46.95g, K:24g + Vermicompost @10.8kg)
	141.23
	11.38
	7.40
	1.36
	0.81

	T6 (60% RDF + Biofertilizer (Azotobacter+ PSB@500 ml/kg Seed)
	146.41
	11.83
	7.64
	1.43
	0.50

	T7 (60% RDF + Vermicompost @10.8kg + Biofertilizer (Azotobacter+ PSB@500 ml/kg Seed)
	144.40
	12.56
	7.61
	1.46
	1.01

	T8 (100% Vermicompost @20kg)
	154.99
	13.14
	7.46
	1.40
	0.85

	T9(100% Biofertilizer (Azotobacter+ PSB@500 ml/kg Seed)
	129.90
	9.69
	7.54
	1.55
	0.56

	C.D. (P=0.05)
	1.67
	0.41
	0.141
	N/A
	0.06

	SE(m)
	0.55
	0.14
	0.047
	0.07
	0.02

	SE(d)
	0.78
	0.19
	0.066
	0.10
	0.03

	C.V. (%)
	0.66
	1.90
	1.071
	8.55
	5.16








	

Treatments
	
Cost of cultivation (Rs/ha)
	
Net return (Rs/ha)
	Gross return
(Rs/ha)
	B:C
ratio

	T1 (100% RDF @N:83.58g, P:75.12g,
K:47.4g)
	33784
	
59,441.00
	93,225.00
	1.76

	T2 (80% RDF @ N: 69.65g, P: 62.60g,
K:32g + Vermicompost @9kg)
	43736
	
60,583.00
	104,319.00
	1.39

	T3 (80% RDF @ N: 69.65g, P: 62.60g,
K:32g + Biofertilizer (Azotobacter+ PSB@500 ml/kg Seed).
	
33486
	

54,925.67
	
88,411.66
	
1.64

	T4 (80% RDF @ N: 69.65g, P: 62.60g,
K:32g + Vermicompost @9kg + Biofertilizer (Azotobacter+ PSB@500
ml /Kg Seed).
	
43986
	


80,125.66
	
124,111.70
	
1.82

	T5 (60% RDF@N:52.24g, P: 46.95,
K:24g + Vermicompost@10.8 kg)
	45350
	
47,094.33
	92,444.34
	1.04

	T6 (60% RDF @ N:52.24g, P: 46.95,
K:24g + Biofertilizer (Azotobacter+ PSB@ 500 ml /Kg Seed).
	
33000
	

53,015.67
	
86,015.66
	
1.61

	T7 (60% RDF @N:52.24g, P: 46.95,
K:24g + Vermicompost@10.8 kg + Biofertilizer (Azotobacter + PSB@ 500 ml /Kg Seed).
	
45600
	


65,043.33
	
110,643.30
	
1.43

	T8 (100% Vermicompost @20 Kg)
	54603
	31,295.67
	85,898.66
	0.57

	T9 (100% Biofertilizer (Azotobacter+
PSB@500 ml /Kg Seed).
	32022
	
53,212.00
	85,234.00
	1.66


 Table 2. Effect of Integrated nutrient management on Cost of cultivation, Net return, Gross return and B.C ratio on mustard.






Fig.1. Available Nitrogen and Phosphorus content in Soil under the influence of Integrated nutrient management on Mustard.
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