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Abstract
Integrated nutrient management (INM) plays a crucial role in optimizing growth and productivity in Indian mustard (Brassica juncea L.). The present study evaluated the effect of different INM treatments on plant growth, biomass accumulation, and yield components. The results demonstrated that increasing nutrient integration significantly enhanced vegetative growth parameters, including plant height, plant population, and dry matter accumulation at both 30 and 60 DAS. Yield-attributing traits such as siliqua length, number of siliquae per plant, seeds per siliqua, and 1000-seed weight also improved markedly under INM. Among all treatments, T10 consistently recorded the highest growth and yield, producing a maximum seed yield of 2630 kg/ha and biological yield of 7490 kg/ha, along with the highest harvest index and leaf area index. The findings highlight the synergistic benefits of integrating organic and inorganic nutrient sources, which enhance nutrient uptake efficiency and promote balanced crop development. Overall, INM proved to be an effective strategy for improving the productivity and resource-use efficiency of Indian mustard, supporting its adoption in sustainable agriculture systems.
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Introduction
The oilseed crop Brassica juncea L. (Indian mustard) is one of the most widely cultivated winter (rabi) crops in India and other parts of South Asia, valued both for its edible oil and as a protein‐rich seed meal. Its adaptability to residual moisture environments and its importance for domestic edible oil security make it a critical crop in agronomic research (Chandan et al. 2018; Singh & Debbarma 2022). However, intensive cultivation of mustard using high yielding varieties and conventional heavy reliance on chemical fertilisers has led to declining soil fertility, nutrient imbalances and a widening gap between nutrient removal and supply (Patel et al. 2024; Singh et al. 2023).
Integrated Nutrient Management (INM) has emerged as a promising agronomic strategy. INM combines organic manures, bio-fertilisers and chemical fertilisers in a synergistic way to optimise crop nutrient supply, enhance soil health and sustain productivity over the long term (Devkota et al. 2020). For mustard, numerous studies have reported that INM improves growth attributes (plant height, branch number), yield components (siliqua number, seeds per siliqua), nutrient uptake and economic returns compared to the exclusive use of chemical fertilisers (Varma et al. 2021; Sreerenjiny & Debbarma 2022). For example, Chandan et al. (2018) found that 75 % RDF + vermicompost + Azotobacter/PSB significantly enhanced seed yield and nutrient uptake in B. juncea.
The rationale for employing INM in mustard cropping is supported by multiple mechanisms. Organic manures and vermicompost improve soil physical structure, microbial activity and nutrient release patterns, thus complementing the immediate nutrient supply from chemical fertilisers (Kumar et al. 2022). Bio-fertilisers such as Azotobacter, Azospirillum and phosphorus-solubilising bacteria (PSB) further enhance nutrient availability and uptake efficiency (Mukhi et al. 2024). By integrating these components, INM can reduce dependency on high doses of chemical fertilisers, reduce nutrient losses (leaching, volatilisation), and enhance nutrient use efficiency—yielding both agronomic and environmental benefits.
From a productivity standpoint, the evidence is growing that INM enhances yield, improves seed quality and strengthens economic viability of mustard cultivation. Studies have reported increases in seed and stover yields, higher oil and protein content, and favourable benefit:cost ratios when INM treatments are compared to sole chemical fertiliser treatments (Singh et al. 2023; Gelot et al. 2025). Moreover, INM helps maintain or improve post-harvest soil fertility, thus contributing towards sustainability of the production system.
There is variability in results depending on soil type, climate, organic manure source, bio-fertiliser strains and treatment combinations. Further, the interaction effects of macro-nutrients (NPK) with sulphur, zinc and other micro-nutrients in the context of INM for mustard require more systematic investigation (Varma et al. 2021; Singh et al. 2023). Additionally, while many studies focus on yield and growth parameters, fewer examine the mechanistic basis of how INM affects physiological traits, root growth, nutrient partitioning and long-term soil health in mustard systems.
2. MATERIALS AND METHODS
2.1 Experimental Site
The present study was conducted during the 2024–25 rabi season at the Experimental Farm of the Department of Agronomy, Faculty of Agriculture and Veterinary Sciences, Mewar University, Gangrar, Chittorgarh, Rajasthan.
2.2 Climate and Weather Conditions
Chittorgarh lies within the subtropical zone of the Vindhyan Plateau and receives an average annual rainfall ranging from 750 to 1005 mm. The region experiences mean annual maximum and minimum temperatures of 40.2°C and 18.5°C, respectively. During the rabi season of 2024–25, the mean weekly maximum temperatures ranged between 19.6°C and 35.2°C, while the minimum temperatures varied from 5.6°C to 18.9°C. A total of 17.9 mm of rainfall was recorded over 2 rainy days throughout the crop period, indicating that the experiment was conducted under irrigated conditions.
2.3 Details of Treatments 
The table 1 lists ten nutrient-management treatments combining Recommended Dose of Fertilizer (RDF) with Vermicompost (VC) and Farmyard Manure (FYM). Treatments range from control to integrated nutrient applications at 50%, 75% and 100% RDF levels, enabling comparison of sole and combined organic–inorganic fertilization effects on crop performance.
Table. 1 Elaboration on the abbreviations used for treatment descriptions
	Sr. No.
	Treatments symbols
	Treatments

	1
	T1
	Control

	2
	T2
	50% RDF +VC

	3
	T3
	50% RDF +FYM

	4
	T4
	50% RDF +VC+FYM

	5
	T5
	75% RDF +VC

	6
	T6
	75% RDF +FYM

	7
	T7
	75% RDF +VC +FYM

	8
	T8
	100% RDF +VC

	9
	T9
	100% RDF +FYM

	10
	T10
	100% RDF +FYM+VC



2.4 Observations Recorded and Data Analysis
Growth attributes such as plant population, plant height, dry matter accumulation, and the number of branches per plant were recorded at various Days After Sowing (DAS). Yield attributes, including the number of siliquae per plant, number of seeds per siliqua, and 1,000- seed weight (test weight), were recorded at harvest, along with yield data for seed and stover. (Singh and Stoskopf, 1971; Nagar and Jhakhar, 2025). Economic parameters—including cost of cultivation, gross returns, net returns, and the benefit-cost (B:C) ratio—were computed on a per hectare basis. All recorded data were subjected to statistical analysis using Fisher’s Analysis of Variance (ANOVA) as described by Panse and Sukhatme (1985), with significance tested at the 5% probability level (P = 0.05).
3.1 Results and Discussion
Integrated nutrient management (INM) exerted a pronounced positive influence on growth and yield attributes of Indian mustard. Plant height, plant population, and dry matter accumulation increased consistently with the integration of organic and inorganic nutrient sources. Treatments receiving higher nutrient combinations, particularly T10, exhibited the greatest improvement across all growth stages, while the control (T1) recorded the lowest values.
At 30 and 60 DAS, plant height increased from 18.2 to 35.2 cm and 65.80 to 89.20 cm, respectively, with T10 producing the tallest plants. Plant population also remained highest under T10 (9.1 and 8.8 plants/m row length at 30 and 60 DAS), indicating better crop establishment. Similarly, dry matter accumulation increased markedly, ranging from 1.12 to 1.97 g/plant (30 DAS) and 8.25 to 15.98 g/plant (60 DAS), reflecting enhanced biomass production under integrated nutrient application. The observed improvement aligns with earlier findings reporting enhanced vegetative growth through combined nutrient sources, which improve soil fertility, microbial activity, and nutrient availability (Kumar et al., 2018; Meena et al., 2020).
Yield attributes such as siliqua length, number of siliquae per plant, seeds per siliqua, and 1000-seed weight also improved significantly under INM. Treatment T10 consistently produced the highest values (4.95 cm siliqua length, 289 siliquae/plant, 14.5 seeds/siliqua, and 4.90 g test weight), while the control recorded the lowest. These enhancements can be attributed to improved photosynthetic efficiency, nutrient uptake, and assimilate translocation promoted by integrated nutrient sources, as supported by earlier mustard studies (Singh et al., 2017; Choudhary & Sharma, 2019: Satish et al., 2025).
INM also had a marked effect on seed yield, stover yield, biological yield, harvest index, and leaf area index (LAI). Treatment T10 produced the highest seed yield (2630 kg/ha) and LAI (1.78), whereas T1 recorded the lowest values. Similar improvements in productivity due to INM have been widely reported, emphasizing the synergistic benefits of integrating fertilizers with organic amendments (Yadav et al., 2021; Rathore et al., 2022).
Table 2 Effect of Integrated Nutrient Management on Plant Height, Plant Population, and Dry Matter Accumulation of Indian Mustard
	Treatments
	Plant Height (cm) 30 DAS
	Plant Height (cm) 60 DAS
	Plant Population (plants/m) 30 DAS
	Plant Population (plants/m) 60 DAS
	Dry Matter (g/plant) 30 DAS
	Dry Matter (g/plant) 60 DAS

	T1
	18.2
	65.80
	6.2
	6.1
	1.12
	8.25

	T2
	24.6
	77.50
	8.4
	8.0
	1.32
	10.15

	T3
	23.1
	75.35
	8.5
	8.2
	1.38
	9.34

	T4
	25.8
	78.20
	8.6
	8.3
	1.44
	10.95

	T5
	28.4
	81.50
	8.7
	8.4
	1.76
	13.74

	T6
	26.7
	80.80
	8.8
	8.4
	1.59
	12.29

	T7
	29.3
	81.90
	8.8
	8.5
	1.82
	14.21

	T8
	33.9
	85.80
	8.9
	8.6
	1.91
	15.21

	T9
	32.6
	83.50
	9.0
	8.7
	1.85
	14.47

	T10
	35.2
	89.20
	9.1
	8.8
	1.97
	15.98

	SEm ±
	1.2
	3.5
	0.08
	0.10
	0.06
	0.18

	CD @ 5%
	3.5
	10.4
	0.24
	0.30
	0.19
	0.54

	CV%
	6.7
	8.3
	2.9
	3.1
	6.8
	7.3



Table 3. Effect of Integrated Nutrient Management on Yield Attributes and Productivity Parameters of Indian Mustard
	Treat- ments
	Siliqua Length (cm)
	Siliquae / Plant
	Seeds / Siliqua
	1000-Seed Weight (g)
	Seed Yield (kg/ha)
	Stover Yield (kg/ha)
	Biological Yield (kg/ha)
	Harvest Index (%)
	Leaf Area Index (LAI)

	T1
	4.10
	208
	11.2
	4.40
	1550
	3400
	4950
	32.67
	1.12

	T2
	4.45
	242
	12.5
	4.58
	1980
	3860
	5840
	33.90
	1.42

	T3
	4.38
	235
	12.1
	4.55
	1550
	3750
	5300
	33.87
	1.36

	T4
	4.53
	250
	12.8
	4.60
	2075
	3980
	6055
	34.30
	1.48

	T5
	4.77
	270
	13.5
	4.75
	2320
	4380
	6700
	34.63
	1.60

	T6
	4.68
	261
	13.1
	4.67
	2250
	4250
	6500
	34.60
	1.55

	T7
	4.82
	275
	13.7
	4.78
	2405
	4500
	6905
	34.82
	1.66

	T8
	4.90
	283
	14.1
	4.85
	2575
	4780
	7355
	35.02
	1.75

	T9
	4.84
	278
	13.9
	4.80
	2520
	4700
	7220
	34.90
	1.72

	T10
	4.95
	289
	14.5
	4.90
	2630
	4860
	7490
	35.11
	1.78

	SEm ±
	0.05
	7
	0.2
	0.05
	38
	68
	95
	0.28
	0.03

	CD @ 5%
	0.14
	20
	0.5
	0.14
	115
	205
	285
	0.85
	0.08

	CV%
	3.1
	5.4
	3.6
	3.2
	3.1
	3.6
	3.5
	2.5
	4.2



Conclusion
The study clearly demonstrates that integrated nutrient management significantly improves the growth, physiological performance, and yield of Indian mustard. Treatments combining organic amendments with chemical fertilizers, particularly T10, resulted in superior plant height, plant population, dry matter accumulation, and yield-attributing traits. The enhanced seed yield, stover yield, biological yield, and harvest index under INM treatments confirm the benefit of balanced nutrient supply in supporting higher photosynthetic efficiency and assimilate partitioning. These findings align with previous research reporting the positive effects of combining organic and inorganic nutrient sources on soil fertility and crop productivity. Therefore, integrated nutrient management emerges as a sustainable and efficient approach to maximizing mustard yield while maintaining long-term soil health. Adoption of INM practices can significantly enhance mustard-based cropping systems, especially in nutrient-deficient soils.
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