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Abstract
Indian mustard, scientifically known as Brassica juncea L., is one of the most important oilseed crops cultivated in India and other parts of South Asia. Its significance stems from both its economic value and agronomic adaptability. A field experiment was conducted during the Rabi season of 2024–25 at the Agricultural Farm of Mewar University, Gangrar, Chittorgarh (Rajasthan) to evaluate the impact of integrated nutrient management (INM) on the growth, yield, quality, and economic returns of Indian mustard (Brassica juncea L.). The study, laid out in a Randomized Block Design (RBD) with eight treatment combinations replicated thrice, involved varying levels of recommended dose of fertilizers (RDF) combined with two levels of vermicompost (2.0 and 5.0 t ha⁻¹), along with a control. The experimental soil was clay loam, slightly saline (EC 0.95 dS/m), and moderately fertile. The results showed significant improvements in plant growth, yield attributes, and quality parameters due to INM practices. The treatment comprising 100% RDF + vermicompost @ 5.0 t ha⁻¹ recorded the highest values for plant height (173.94 cm), dry matter accumulation (20.93 g/plant), number of branches (12.32), siliquae per plant (211.04), seeds per siliqua (18.14), test weight (3.42 g), seed yield (1675 kg/ha), and stover yield (4832 kg/ha). This treatment also achieved the highest net return (₹68,250/ha) and benefit-cost ratio (1.97). The findings suggest that the integrated application of 100% RDF with 5.0 t ha⁻¹ vermicompost is optimal for enhancing the productivity and profitability of Indian mustard under similar agro-climatic conditions.
.
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1. Introduction
Indian mustard (Brassica juncea L.), a vital member of the Brassicaceae family, holds considerable importance both globally and nationally as a major oilseed crop. It is cultivated widely for its oil content, nutritional value, and use as a condiment (Li et al., 2021). Globally, mustard and other rapeseed crops rank as the third most significant oilseed group in terms of both area and production (USDA, 2024). During the 2023-24 agricultural year, rapeseed-mustard was grown on approximately 42.53 million hectares worldwide, yielding 88.07 million metric tonnes, with an average productivity of 2.07 metric tonnes per hectare (USDA, 2024).
India plays a significant role in the global mustard scenario, contributing nearly 19.8% of the world's cultivated area and 9.8% of global production (USDA, 2024). Despite this substantial share of cultivated land, India’s average productivity remains at 1.3 t/ha, which is significantly lower than the global average, highlighting a clear productivity gap. This discrepancy underscores the urgent need for innovative and improved agricultural practices to enhance mustard yields and ensure food and economic security. In India, mustard ranks as the second-most important annual oilseed crop after soybean, with a production of 12.64 million tonnes, cultivated over 6.26 million hectares (des.delhi.gov.in,2023). Rajasthan leads Indian mustard cultivation, with 3.97 million hectares under cultivation, producing 5.83 million tonnes and achieving a higher-than-average productivity of 1.5 t/ha (des.delhi.gov.in, 2023). The higher productivity in Rajasthan indicates the potential benefits of location-specific management practices, which could be replicated in other mustard-growing regions.
Apart from its economic importance, mustard is a valuable source of vegetable oil, protein, vitamins, and minerals, contributing to both human nutrition and livestock feed (Li et al., 2021). However, mustard productivity is often constrained by multiple factors including soil fertility depletion, pest and disease pressures, and climatic variability (Khaliq et. al., 2009). Addressing these challenges through sustainable nutrient management practices is key to unlocking the crop’s full potential.
Integrated Nutrient Management (INM) is a comprehensive approach aimed at enhancing crop productivity while maintaining soil health through the balanced use of chemical fertilizers, organic manures, and bio-fertilizers. Traditional reliance on chemical fertilizers has led to nutrient imbalances, declining soil fertility, increased production costs, and environmental degradation. INM mitigates these issues by ensuring a balanced and efficient supply of nutrients, improving soil structure, microbial activity, and overall ecosystem resilience.
The inclusion of organic amendments such as vermicompost enhances soil’s physical and biological properties, resulting in better water retention, nutrient cycling, and crop productivity (Jat et al., 2021). Overuse of individual nutrients like nitrogen, phosphorus, or potassium can reduce yields and increase disease susceptibility (Kumar et al., 2017; Kumar et al., 2021). INM addresses these risks by creating a synergistic nutrient environment, which not only boosts yields but also promotes environmental sustainability.
[bookmark: _GoBack]“Nitrogen (N), phosphorus (P), and potassium (K) are essential macronutrients for mustard growth. Nitrogen enhances vegetative growth and yield but must be applied judiciously to avoid adverse effects” (Jat et al., 2021). “Phosphorus supports root development and flowering, while potassium improves overall plant health and stress tolerance” (Yadav et al., 2020; Kumar et al., 2020). Vermicompost, an organic amendment, enriches soil fertility, enhances microbial activity, and improves crop yield and quality (Singh et al., 2019). Gypsum, when used in combination with vermicompost, further enhances soil structure and nutrient availability (Kumar et al., 2018). Adopting INM, which combines these elements in balanced proportions, is essential for achieving sustainable mustard production, higher yields, and improved soil health.

2. Materials and Methods
2.1 Experimental Site

The present study was carried out at the Experimental Farm, Department of Agronomy, Faculty of Agriculture and Veterinary Sciences, Mewar University Gangrar, Chittorgarh (Rajasthan), 2024-25.

2.2 Climate and Weather Conditions

Chittorgarh is in the subtropical zone of the Vindhyan Plateau, with average annual rainfall of 750-1005 mm. Mean annual maximum and minimum temperatures are 40.2°C and 18.5°C, respectively. During the rabi season 2024-25, mean weekly maximum temperatures ranged from 19.6°C to 35.2°C, and minimum temperatures from 5.6°C to 18.9°C. Total rainfall during the crop period was only 17.9 mm over 2 rainy days, indicating the experiment was conducted under irrigated conditions.
2.5 Experimental Details

The experiment used a Randomized Block Design (RBD) with three replications and eight treatments (T1-T8). The mustard variety DRMR IJ 31 (Giriraj) was sown at 5 kg/ha Gross plot size was 5.00 m × 4.20 m, with a net plot size of 4.00 m × 3.60 m. The Recommended Dose of Fertilizer (RDF) was 120 kg N, 60 kg P2O5, 40 kg K2O, and 30 kg S per hectare. Manures and fertilizers were applied during final plot preparation.
Table 1: Experimental Treatments and Their Details
	S. No.
	Treatments
	Symbols

	1.
	Control
	T1

	2.
	100% RDF
	T2

	3.
	50% RDF + vermicompost @ 5.0 t ha-1
	T3

	4.
	75% RDF + vermicompost @ 5.0 t ha-1
	T4

	5.
	100% RDF + vermicompost @ 5.0 t ha-1
	T5

	6.
	50% RDF + vermicompost @ 2.0 t ha-1
	T6

	7.
	75% RDF + vermicompost @ 2.0 t ha -1
	T7

	8.
	100% RDF + vermicompost @ 2.0 t ha -1
	T8



2.7 Treatment Evaluation

Growth attributes (plant population, height, dry matter accumulation, branches) were measured at various DAS. Yield attributes (siliqua/plant, seeds/siliqua, test weight) and yields (seed, stover) were recorded at harvest. Harvest index was calculated as (Economic yield / Biological yield) × 100 (Singh and Stoskopf, 1971; Nagar and Jhakhar, 2025). Economic parameters (cost of cultivation, gross returns, net returns, benefit-cost ratio) were calculated per hectare. All data were statistically analyzed using Fisher's analysis of variance (Panse and Sukhatme, 1985), with significance at P=0.05 

3. Results

The field experiment, conducted to evaluate the "Effect of Integrated Nutrient Management on Growth, Yield and Quality of Indian Mustard (Brassica juncea L.)" during the rabi season of 2024-25, yielded significant insights into the impact of various nutrient management practices. The data pertaining to growth parameters, yield attributes, and economic viability were statistically analyzed to determine their significance.

3.1 Growth Parameters
3.1.1 Plant Population (no./mrl)

An examination of the data presented in Table 1 indicated that the different integrated nutrient management practices did not exert a significant influence on the mustard plant population per meter row length, as observed at both 30 Days After Sowing (DAS) and at harvest. This finding is crucial as it confirms that any observed differences in subsequent growth and yield parameters are genuinely attributable to the nutrient management treatments and not to variations in plant density, ensuring the reliability of the experimental outcomes. Thus, a uniform plant stand was successfully maintained across all treated plots throughout the experimental period.

3.1.2 Plant Height (cm)

The data presented in Table 2 illustrate that plant height was significantly influenced by the various integrated nutrient management practices at all measurement stages: 30 DAS, 60 DAS, and at harvest. Consistently, plant height increased progressively with the advancement in the age of the plant, reaching its maximum at harvest across all treatments. The application of 100% RDF + vermicompost @ 5.0 t ha-1 resulted in the significantly highest plant height at 30 DAS (49.05 cm), 60 DAS (139.55 cm), and at harvest (173.94 cm) (Nagar and Jhakhar, 2025). This superior performance was statistically at par with the treatments involving 100% RDF + vermicompost @ 2.0 t ha-1 and 75% RDF + vermicompost @ 5.0 t ha-1 (Nagar and Jhakhar, 2025). In contrast, the control treatment consistently recorded the lowest plant height at all stages, measuring 37.18 cm at 30 DAS, 112.22 cm at 60 DAS, and 147.31 cm at harvest (Nagar and Jhakhar, 2025). The consistent and significant superiority of the 100% RDF + vermicompost @ 5.0 t ha-1 treatment across all growth parameters highlights a strong positive correlation between comprehensive nutrient availability, derived from both chemical and organic sources, and robust vegetative development.

3.1.3 Dry Matter Accumulation (g/plant)

As indicated in Table  2dry matter accumulation was significantly influenced by the integrated nutrient management practices. The highest dry matter accumulation was consistently observed under the application of 100% RDF + vermicompost @ 5.0 t ha-1, recording 4.15 g/plant at 30 DAS, 10.84 g/plant at 60 DAS, and 20.93 g/plant at harvest (Nagar and Jhakhar, 2025). This treatment was closely followed by 100% RDF + vermicompost @ 2.0 t ha-1 and 75% RDF + vermicompost @ 5.0 t ha-1 (Nagar and Jhakhar, 2025). The control treatment, conversely, exhibited the lowest dry matter accumulation, with values of 3.12 g/plant at 30 DAS, 8.36 g/plant at 60 DAS, and 14.31 g/plant at harvest.

3.1.4 Number of Branches per Plant

Data presented in Table2 revealed that the number of branches per plant was significantly higher with the application of 100% RDF + vermicompost @ 5.0 t ha-1, registering 12.32 branches per plant at 90 DAS (Nagar and Jhakhar, 2025). This treatment significantly outperformed the control, which recorded the lowest number of branches at 8.85 (Nagar and Jhakhar, 2025). The 100% RDF + vermicompost @ 2.0 t ha-1 and 75% RDF + vermicompost @ 5.0 t ha-1 treatments followed closely, demonstrating comparable efficacy.
Table 2: Effect of Integrated Nutrient Management on Growth Attributes of Indian Mustard
	Treatments
	Plant height (cm)
	DMA (g/plant)
	No. of branches/plant

	
	At Harvest
	At Harvest
	At 90 DAS

	Control
	147.31
	14.31
	8.85

	100% RDF
	161.45
	16.68
	10.15

	50% RDF + vermicompost @ 5.0 t ha-1
	166.47
	17.27
	10.66

	75% RDF + vermicompost @ 5.0 t ha-1
	169.63
	19.63
	11.95

	100% RDF + vermicompost @ 5.0 t ha-1
	173.94
	20.93
	12.32

	50% RDF + vermicompost @ 2.0 t ha-1
	163.13
	17.13
	10.55

	75% RDF + vermicompost @ 2.0 t ha -1
	164.42
	18.42
	11.83

	100% RDF + vermicompost @ 2.0 t ha -1
	171.26
	19.95
	12.23

	S.Em.+
	2.72
	0.45
	0.42

	CD (P=0.05)
	8.15
	1.35
	1.25



3.2 Yield Attributes and Yield

3.2.1 Number of Siliqua/plant

The number of siliqua per plant was significantly influenced by the various treatments, as detailed in Table 3. The application of 100% RDF + vermicompost @ 5.0 t ha-1 consistently resulted in a significantly higher number of siliqua per plant (211.04) compared to the control (185.20). This superior performance was closely followed by the treatments of 100% RDF + vermicompost @ 2.0 t ha-1 and 75% RDF + vermicompost @ 5.0 t ha-1. The increase in siliqua per plant, a key yield component, directly contributes to higher overall seed yield.

3.2.2 Number of Seeds/siliqua

A perusal of the data in Table 3. indicates that the number of seeds per siliqua was significantly higher with the application of 100% RDF + vermicompost @ 5.0 t ha-1, recording 18.14 seeds per siliqua compared to 15.35 in the control. This improvement in seed count per siliqua, alongside the increased number of siliqua, demonstrates the enhanced reproductive efficiency of the mustard plants under optimal nutrient management.

3.2.3 Test Weight (g)

Table 3also reveals that the test weight, an important indicator of seed quality and plumpness, was significantly higher with the application of 100% RDF + vermicompost @ 5.0 t ha-1, reaching 3.42 g. This was significantly greater than the control (2.82 g) and was closely followed by the 100% RDF + vermicompost @ 2.0 t ha-1 and 75% RDF + vermicompost @ 5.0 t ha-1 treatments. The increased test weight suggests improved nutrient partitioning towards seed development, leading to denser and potentially more viable seeds.

3.2.4 Seed Yield (kg/ha)

The data presented in Table 3. clearly show that seed yield was significantly influenced by the different integrated nutrient management practices. The highest seed yield of 1675 kg/ha was recorded under the application of 100% RDF + vermicompost @ 5.0 t ha-1 (Nagar and Jhakhar, 2025). This yield was significantly higher than the control and was statistically at par with the 100% RDF + vermicompost @ 2.0 t ha-1 and 75% RDF + vermicompost @ 5.0 t ha-1 treatments (Nagar and Jhakhar, 2025). The control treatment consistently recorded the significantly lowest seed yield of 1010 kg/ha (Nagar and Jhakhar, 2025). The consistent and significant improvement in all yield attributes (siliqua per plant, seeds per siliqua, test weight) directly translates into the observed higher seed yield. This demonstrates a strong causal chain where enhanced vegetative growth (as shown in Section 3.1) provides the foundation for superior reproductive development, culminating in increased economic yield.

3.2.5 Stover Yield (kg/ha)

Table 3.indicates that stover yield was also significantly affected by the various integrated nutrient management practices. The maximum stover yield of 4832 kg/ha was recorded with the application of 100% RDF + vermicompost @ 5.0 t ha-1 (Nagar and Jhakhar, 2025). This yield was significantly higher than the control (3997 kg/ha) and was statistically at par with the 100% RDF + vermicompost @ 2.0 t ha-1 and 75% RDF + vermicompost @ 5.0 t ha-1 treatments (Nagar and Jhakhar, 2025). The increase in stover yield, alongside seed yield, points to an overall improvement in biomass production, reflecting the plant's enhanced ability to accumulate dry matter under optimal nutrient conditions.

3.2.6 Harvest Index (%)

An analysis of the data in Table 3. pertaining to harvest index (%) revealed that this parameter was not significantly affected by the different integrated nutrient management practices. Despite the lack of statistical significance, the highest harvest index of 25.74% was observed with the 100% RDF + vermicompost @ 5.0 t ha-1 treatment, while the minimum was recorded under the control at 20.17% . Although not statistically distinct, the trend suggests that while overall biomass and seed yield increased, the proportion of economic yield to biological yield remained relatively consistent across treatments.
Table 3: Effect of Integrated Nutrient Management on Yield Attributes and Yield of Indian Mustard
	Treatments
	No. of siliqua/plant
	No. of seeds/siliqua
	Test weight (g)
	Seed yield (kg/ha)
	Stover yield (kg/ha)
	Harvest index (%)

	Control
	185.20
	15.35
	2.82
	1010
	3997
	20.17

	100% RDF
	192.33
	15.87
	3.14
	1275
	4226
	23.18

	50% RDF + vermicompost @ 5.0 t ha-1
	196.66
	16.10
	3.22
	1352
	4570
	22.83

	75% RDF + vermicompost @ 5.0 t ha-1
	206.92
	17.87
	3.29
	1550
	4668
	24.93

	100% RDF + vermicompost @ 5.0 t ha-1
	211.04
	18.14
	3.42
	1675
	4832
	25.74

	50% RDF + vermicompost @ 2.0 t ha-1
	194.72
	15.93
	3.17
	1335
	4508
	22.85

	75% RDF + vermicompost @ 2.0 t ha -1
	197.81
	16.84
	3.25
	1475
	4648
	24.09

	100% RDF + vermicompost @ 2.0 t ha -1
	209.06
	17.96
	3.35
	1630
	4710
	25.71

	S.Em.+
	1.55
	0.12
	0.10
	43.66
	108.3
	1.19

	CD (P=0.05)
	4.65
	0.35
	0.29
	131
	325
	NS



3.3 Economics

3.3.1 Cost of Cultivation (₹/ha)

As presented in Table 4the cost of cultivation varied among the different integrated nutrient management practices. The maximum cost of cultivation for mustard crop was observed under the application of 100% RDF + vermicompost @ 5.0 t ha-1, amounting to ₹34570/ha. Conversely, the minimum cost of cultivation was recorded under the control treatment, at ₹21600/ha. The higher cost associated with the optimal treatment is largely attributable to the increased expense of vermicompost.

3.3.2 Gross Return (₹/ha)

Table 4also illustrates the gross returns generated by the mustard crop under various treatments. The highest gross return of ₹102820/ha was achieved with the application of 100% RDF + vermicompost @ 5.0 t ha-1. In contrast, the control treatment yielded the minimum gross return, which was ₹70687/ha. The substantial increase in gross return for the optimal treatment directly reflects its superior seed yield.

3.3.3 Net Returns (₹/ha)

An examination of the data in Table 4 reveals that net returns differed significantly across the integrated nutrient management practices. The maximum net return of ₹68250/ha was observed under the application of 100% RDF + vermicompost @ 5.0 t ha-1 (Nagar and Jhakhar, 2025). This net return was found to be statistically at par with the 100% RDF + vermicompost @ 2.0 t ha-1 and 75% RDF + vermicompost @ 5.0 t ha-1 treatments (Nagar and Jhakhar, 2025). The control treatment recorded the minimum net return of ₹49087/ha (Nagar and Jhakhar, 2025). The highest net return, despite the higher cost of cultivation, indicates that the increased yield from the optimal treatment sufficiently compensated for the additional input expenses.

3.3.4 Benefit: Cost Ratio

The benefit-cost (B:C) ratio, presented in Table 4 was significantly influenced by the different integrated nutrient management treatments. The application of 100% RDF + vermicompost @ 5.0 t ha-1 recorded a B:C ratio of 1.97. This ratio was statistically at par with 100% RDF + vermicompost @ 2.0 t ha-1 (1.99) and 75% RDF + vermicompost @ 5.0 t ha-1 (1.91). The lowest B:C ratio of 1.92 was recorded under the control treatment. While the abstract states the B:C ratio of 1.97 for the optimal treatment as "significantly higher," a closer examination of the full results in Table 4 (Nagar and Jhakhar, 2025) reveals that the 100% RDF alone treatment achieved a higher B:C ratio of 2.39. This suggests that while 100% RDF + vermicompost @ 5.0 t ha-1 provides the highest absolute net return, the 100% RDF treatment might offer a more efficient return on investment per unit of cost, potentially due to the high cost of vermicompost. This nuance is important for practical recommendations, as it highlights a trade-off between maximizing total profit and optimizing the efficiency of capital utilization.
Table 4 : Effect of Integrated Nutrient Management on Economics of Indian Mustard
	Treatments
	Cost of cultivation (₹/ha)
	Gross return (₹/ha)
	Net return (₹/ha)
	B:C ratio

	Control
	21600
	63082
	41482
	1.92

	100% RDF
	23275
	78814
	55539
	2.39

	50% RDF + vermicompost @ 5.0 t ha-1
	26550
	83662
	57112
	2.15

	75% RDF + vermicompost @ 5.0 t ha-1
	32800
	95343
	62543
	1.91

	100% RDF + vermicompost @ 5.0 t ha-1
	34570
	102820
	68250
	1.97

	50% RDF + vermicompost @ 2.0 t ha-1
	25095
	82606
	57511
	2.29

	75% RDF + vermicompost @ 2.0 t ha -1
	29475
	90936
	61461
	2.09

	100% RDF + vermicompost @ 2.0 t ha -1
	33500
	100065
	66565
	1.99



4. Discussion

The experimental findings on the "Effect of Integrated Nutrient Management on Growth, Yield and Quality of Indian Mustard (Brassica juncea L.)" reveal significant variations in the evaluated parameters, providing valuable insights into the cause-and-effect relationships between nutrient management practices and crop performance.

4.1 Growth Attributes

The observed differences in growth parameters such as plant height, dry matter accumulation, and number of branches per plant were statistically significant due to integrated nutrient management (INM) practices (Nagar and Jhakhar, 2025). The 100% RDF + vermicompost @ 5.0 t ha⁻¹ treatment consistently outperformed others in all growth metrics, showing a clear link between balanced nutrient availability and improved vegetative growth (Nagar and Jhakhar, 2025). This enhancement is attributed to vermicompost’s role in improving soil structure, increasing microbial populations, and boosting nutrient availability. Better soil conditions promoted stronger root growth, enhanced nutrient and water uptake, and increased carbohydrate synthesis and translocation, leading to vigorous plant development (Nagar and Jhakhar, 2025). Additionally, a higher leaf area index and more branches improved photosynthesis and dry matter production. Improved soil moisture retention and reduced weed competition further contributed to better growth. These results align with findings by Ramesh et al. (2009) and Yadav et al. (2013).

4.2 Yield Attributes and Yield

The results clearly show that the application of 100% Recommended Dose of Fertilizer (RDF) combined with vermicompost at 5.0 t ha⁻¹ significantly improved key yield attributes in Indian mustard, including the maximum number of siliqua per plant (211.04), seeds per siliqua (18.14), test weight (3.42 g), seed yield (1675 kg/ha), and stover yield (4832 kg/ha) (Nagar and Jhakhar, 2025). These outcomes were statistically at par with treatments of 100% RDF + vermicompost @ 2.0 t ha⁻¹ and 75% RDF + vermicompost @ 5.0 t ha⁻¹ but significantly outperformed the control. The enhanced yield resulted from improved source-sink relationships, where better vegetative growth (source) supported greater reproductive development (sink). The synergistic effect of organic and inorganic nutrients enhanced photosynthesis, nutrient uptake, and translocation, leading to better seed filling and higher productivity. These findings align with previous studies, confirming that integrated nutrient management ensures higher yield and sustainable mustard cultivation (Chand and Ram, 2007; Parihar et al., 2014).

4.3 Economics

The economic analysis showed that 100% RDF + vermicompost @ 5.0 t ha⁻¹ yielded the highest net return (₹68,250/ha) with a benefit-cost (B:C) ratio of 1.97 (Nagar and Jhakhar, 2025). However, 100% RDF alone achieved a higher B:C ratio of 2.39, indicating better capital efficiency. Thus, while integrating vermicompost maximizes profit, 100% RDF alone offers a more efficient investment option for resource-limited farmers. These findings align with studies by Verma et al. (2012) and Parihar et al. (2014).
5. Conclusion

Based on this one-year study, it can be concluded that Integrated Nutrient Management (INM) significantly enhances the growth, yield, and profitability of Indian mustard (Brassica juncea L.). The combination of 100% Recommended Dose of Fertilizer (RDF) with vermicompost at 5.0 t ha⁻¹ delivered the highest seed yield (1675 kg/ha), stover yield (4832 kg/ha), and net return (₹68,250/ha). However, 100% RDF alone offered the highest benefit-cost ratio (2.39), highlighting a cost-effective option for resource-limited farmers. Thus, while the RDF + vermicompost approach maximizes output, 100% RDF alone remains economically efficient. Farmers can choose based on their financial capacity and production goals. Further research is suggested to assess long-term soil health and quality outcomes.
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