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Abstract
An experiment was conducted during the Rabi season of 2024-25 at the Agricultural Farm of Mewar University, Gangrar, Chittorgarh, Rajasthan, India. The experimental site's soil was sandy loam in texture, slightly saline in reaction, low in available nitrogen (315 kg/ha), medium in available phosphorus (22.3 kg/h), and high in potassium availability (398 kg/ha), with sufficient micronutrients. The study was laid out in a randomized block design with three replications. Nine treatments were investigated: Control, 100% Recommended Dose of Fertilizers (RDF), Vermicompost + Rhizobium, 50% RDF + Vermicompost, 75% RDF + Vermicompost, 50% RDF + Rhizobium, 75% RDF + Rhizobium, 50% RDF + Vermicompost + Rhizobium, and 75% RDF + Vermicompost + Rhizobium (Present Study). Chickpea variety RSG-888 was used as the test crop. The application of 75% RDF + Vermicompost + Rhizobium significantly improved the growth attributes and yield of chickpea compared to the control and other treatments. This treatment resulted in the maximum plant height (65.81 cm), dry matter accumulation (21.92 g/plant), and number of branches/plant (4.43) (Prakash et al., 2022). Furthermore, it recorded the highest pods/plant (64.65), seeds/pod (1.88), seed index (23.6 g), seed yield (2290 kg/ha), and straw yield (3980 kg/ha). The nutrient content (nitrogen, phosphorus, and potassium) in both seed and straw was also highest under this treatment. Economically, this combination yielded a higher net return and benefit-cost ratio. The findings emphasize the significant role of integrated nutrient management in enhancing chickpea productivity and soil health.
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1. Introduction
A significant winter legume of worldwide significance is the chickpea (Cicer arietinum L.), also referred to as the garbanzo bean or Bengal gram. It functions as a good substitute for animal protein and is an essential source of protein for vegetarian populations. With roughly 85% of the world's cultivated area and 69.75% of the total production, India is the world's largest producer of chickpeas (Anonymous, 2021a). Apart from its nutritional importance, chickpeas are essential for sustainable agriculture because they increase soil fertility by fixing nitrogen biologically (Kumari et al., 2019). Chickpea productivity is still below ideal in many areas, including India, despite its importance in agronomy and the economy. This is mostly because it is grown on marginal. However, despite its agronomic and economic significance, chickpea productivity remains suboptimal in many regions, including India. This is primarily due to its cultivation on marginal lands and the prevalence of imbalanced nutrient management practices (Sangma, 2018; Gebremariam & Tesfay, 2021; Jakhar et al., 2020; Madhuri et al., 2020; Mukati et al., 2021; Sachan et al., 2021; Verma et al., 2021). The increasing dependence on chemical fertilizers has raised concerns over environmental degradation and human health, underscoring the need for sustainable alternatives. In this context, Integrated Nutrient Management (INM) has emerged as a comprehensive strategy that combines organic and inorganic nutrient sources to enhance nutrient use efficiency, improve soil health, and sustain crop productivity (Jakhar et al., 2020).

2. Materials and Methods
2.1. Experimental Site and Climate The field experiment was conducted during the rabi season of 2024-25 at the Agricultural Farm of Mewar University, Gangrar, Chittorgarh, Rajasthan. The experimental site is geographically located at 10.57° N latitude and 75.20° E longitude, with an altitude of 267 meters above mean sea level. The soil of the experimental site was sandy loam, slightly saline, low in available nitrogen (315 kg/ha), medium in available phosphorus (22.3 kg/h), and high in available potassium (398 kg/ha), with sufficient micronutrients.
2.2. Experimental Design and Treatments The experiment was laid out in a Randomized Block Design (RBD) with three replications. Nine treatment combinations were evaluated:
· T1: Control (no fertilizer or biofertilizer)
· T2: 100% Recommended Dose of Fertilizers (RDF)
· T3: Vermicompost + Rhizobium
· T4: 50% RDF + Vermicompost
· T5: 75% RDF + Vermicompost
· T6: 50% RDF + Rhizobium
· T7: 75% RDF + Rhizobium
· T8: 50% RDF + Vermicompost + Rhizobium
· T9: 75% RDF + Vermicompost + Rhizobium 
2.3. Crop Management Field preparation involved one ploughing with a disc plough, followed by cross harrowing and planking (Present Study). The experimental field was demarcated with provisions for irrigation/buffer channels (Present Study). Seeds were sown using a seed drill method in the second fortnight of October (Present Study). Row spacing was maintained at 30 cm, with a sowing depth of 8 cm, and a seed rate of 80 kg/ha (Present Study). Thinning, hoeing, and weeding were carried out 40 days after sowing to minimize weed competition (Present Study). Other standard agronomic practices were uniformly applied across all plots.
2.4. Data Collection Various parameters were measured to assess the treatment effects:
· Plant Population: Number of plants per meter row length was counted at 30 days after sowing (DAS) and at harvest. 
· Growth Attributes: Plant height (cm), dry matter accumulation (g/plant), and number of branches per plant were recorded.
· Yield Attributes: Number of pods per plant, number of seeds per pod, and 100-seed weight (seed index) were measured.
· Yield: Grain yield (kg/ha) and straw yield (kg/ha) were calculated. 
· Nutrient Content and Uptake: Nitrogen, phosphorus, and potassium content in chickpea seed and straw were determined using standard procedures. 
· Economic Analysis: Gross returns, net returns, and benefit-cost ratio were calculated.
2.5. Statistical Analysis The collected data were subjected to appropriate statistical analysis, presumably Analysis of Variance (ANOVA), to evaluate the significance of treatment effects (Panse & Sukhatme, 1985). The results were interpreted in light of statistical evidence.
3. Results and Discussion
The integrated nutrient management practices significantly influenced the growth, yield, nutrient content, and economic parameters of chickpea.
3.1. Growth Attributes Growth parameters such as plant height, dry matter accumulation (DMA), and number of branches per plant showed significant variation among the treatments. The highest plant height (65.81 cm), DMA (21.92 g/plant), and number of branches/plant (4.43) were consistently recorded under the application of 75% RDF + Vermicompost + Rhizobium (T9) (Jakhar et al., 2020; Prakash et al., 2022). This treatment was statistically on par with 100% RDF and 50% RDF + Vermicompost + Rhizobium (T8). The lowest values for these parameters were observed in the control group. The enhanced growth is attributed to the increased availability of nutrients, enzymes, and vitamins in the soil, leading to a higher microbial population and improved nutrient uptake. This aligns with previous findings where Rhizobium inoculation and organic manure application positively impacted chickpea growth. This aligns with findings by Ahmed et al. (2017), Singh et al. (2017), and Kumar et al. (2018), who also reported improved crop establishment with INM.

3.2. Yield Attributes and Yield Yield attributes, including the number of pods/plant, seeds/pod, and seed index, were significantly improved by the INM treatments (Patel & Thanki, 2020). The maximum pods/plant (64.65), seeds/pod (1.88), and seed index (23.6 g) were recorded with 75% RDF + Vermicompost + Rhizobium (T9). This treatment also yielded the highest seed yield (2290 kg/ha) and straw yield (3980 kg/ha) (Jakhar et al., 2020). These results were statistically comparable to 100% RDF and 50% RDF + Vermicompost + Rhizobium. The increased yield is a result of improved photosynthetic efficiency, better source-sink relationships, and overall healthier plant development (Present Study). Previous research supports these findings, demonstrating significant yield increases in chickpea due to integrated nutrient management. chemical fertilizers, vermicompost, and Rhizobium facilitated better nutrient partitioning towards seed development, leading to bolder and higher-quality seeds. These findings are in line with Jat et al. (2012), Tripathi et al. (2013), and Singh et al. (2017). The significant increases in all yield components highlight that INM creates an optimal environment for chickpea, maximizing both reproductive and vegetative growth, thereby translating into higher overall productivity. These results are consistent with the observations of Zala et al., (2024).


3.3. Nutrient Content and Uptake The NPK content in both chickpea seed and straw was highest under the 75% RDF + Vermicompost + Rhizobium treatment (T9). This was statistically at par with 100% RDF and 50% RDF + Vermicompost + Rhizobium (Present Study). Similarly, the total NPK uptake by the crop was highest with the application of 75% RDF + Vermicompost + Rhizobium (Present Study). This enhanced nutrient uptake is likely due to the improved rooting system and increased microbial activity in the soil, which facilitates better nutrient absorption and translocation These findings are consistent with studies reporting improved nutrient content and uptake in chickpea with INM practices. This led to the production of bold, high-quality seeds with better nutritional value. These findings are in agreement with the observations of Raissi et al. (2012), who also reported that the integrated application of organic and inorganic inputs improves seed quality in legumes.
3.4. Economics From an economic perspective, the treatment combining 75% RDF + Vermicompost + Rhizobium showed a higher net return (₹83,650/ha) and a favorable benefit:cost ratio (1.98) during the investigation. These observations align with other studies that reported increased profitability with integrated nutrient management in similar crops like soybean Overall, the results support the broader agricultural principle that combining organic and biological inputs with chemical fertilizers leads to a more sustainable and economically viable cropping system. This aligns with previous studies (Raissi et al., 2012), which highlight the role of integrated nutrient management in improving seed quality and maximizing returns. Therefore, strategies that promote partial substitution of chemical fertilizers with organic and biofertilizers should be encouraged for profitable chickpea cultivation Subhasmita et al., (2023).

4. Conclusion
Based on the findings of this experiment, it can be concluded that the integrated nutrient management approach, specifically the application of 75% RDF + vermicompost + Rhizobium, is highly effective in enhancing the growth, yield, and economic returns of chickpea (Cicer arietinum L.). This treatment consistently demonstrated superior performance in terms of plant height, dry matter accumulation, number of branches, pods per plant, seeds per pod, seed index, and overall grain and straw yields; it led to higher nutrient content and uptake in the chickpea crop. The results highlight the importance of combining chemical fertilizers with organic and biological sources to achieve sustainable and profitable chickpea production.
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Table.1 Effect of integrated nutrient management on growth attributes of chickpea
	Treatments
	Plant height (cm)
	DMA (g/mrl)
	No. of branches/plant

	Control
	53.24
	16.60
	3.23

	100% RDF
	64.13
	21.42
	4.33

	Vermicompost + Rhizobium
	57.17
	18.56
	3.66

	50% RDF + Vermicompost
	60.84
	20.35
	3.95

	75% RDF + Vermicompost
	61.32
	20.12
	4.04

	50% RDF + Rhizobium
	58.25
	19.27
	3.75

	75% RDF+ Rhizobium
	59.76
	19.86
	3.83

	50% RDF + Vermicompost + Rhizobium
	62.21
	20.56
	4.23

	75% RDF + Vermicompost + Rhizobium
	65.81
	21.92
	4.43

	S.Em.+
	1.21
	1.47
	0.12

	CD (P=0.05)
	3.64
	1.42
	0.35



Table 2 Effect of integrated nutrient management on yield attributes and yield of chickpea
	Treatments
	Pods/plant (No.)
	Seeds/pod (No.)
	Seed index (g)
	Seed yield (kg/ha)
	Straw yield (kg/ha)

	Control
	45.20
	1.79
	23.24
	1540
	2697

	100% RDF
	62.33
	1.87
	23.74
	2175
	3786

	Vermicompost + Rhizobium
	53.66
	1.82
	23.35
	1755
	3070

	50% RDF + Vermicompost
	56.92
	1.85
	23.59
	2050
	3578

	75% RDF + Vermicompost
	57.04
	1.86
	23.62
	2090
	3642

	50% RDF + Rhizobium
	54.72
	1.83
	23.44
	1835
	3208

	75% RDF+ Rhizobium
	55.81
	1.84
	23.52
	1975
	3448

	50% RDF + Vermicompost + Rhizobium
	59.06
	1.86
	23.69
	2130
	3710

	75% RDF + Vermicompost + Rhizobium
	64.35
	1.88
	23.76
	2290
	3980

	S.Em.+
	1.77
	0.03
	0.18
	56.66
	92.65

	CD (P=0.05)
	5.32
	NS
	NS
	170
	278
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