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Abstract
The present study assessed soil fertility and nutrient status in Vaishali district, Bihar, to identify constraints affecting sustainable agriculture. Soil samples were analyzed for physicochemical properties and nutrient availability using standard methods. The soils were alkaline (pH 8.00–8.69) and non-saline (EC 0.18–0.89 dS m⁻¹). Organic carbon content ranged from 0.45 to 0.70%, indicating medium fertility status. Available nitrogen was low (174–218 kg ha⁻¹), while phosphorus (22–42 kg ha⁻¹) and potassium (191–272 kg ha⁻¹) were in the medium range. Sulphur (14–27 kg ha⁻¹) and micronutrients, including Zn, B, Fe, Mn, and Cu, were generally sufficient. However, alkaline soil conditions may reduce micronutrient bioavailability. The results highlight nitrogen as the primary limiting nutrient and emphasize the need for integrated nutrient management to sustain soil fertility and agricultural productivity.
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INTRODUCTION
Soil fertility and nutrient status are crucial for achieving sustainable agriculture, especially in regions like Vaishali District in Bihar, India. This area is vital for agriculture, providing livelihoods for many farmers. Understanding the factors influencing soil fertility and nutrient availability is essential to improve crop production and ensure food security (Kumar, 2023; Shahi et al., 2020). The soil in Vaishali is diverse, containing various chemical properties which are influenced by geographical and climatic conditions (Singh et al., 2022). Recent studies show significant variability in macronutrient distribution across the agricultural soils in the district, which underscores the need for a detailed assessment (Singh et al., 2026).
Assessing soil fertility involves evaluating physical and chemical traits, such as pH, organic matter, and nutrient concentrations (Kumar, 2025; Ahamad et al., 2021). These factors affect the availability of essential nutrients like nitrogen, phosphorus, and potassium, which are vital for plant growth. In Vaishali, inadequate nutrient management practices and socio-economic factors can lead to low productivity (Singh et al., 2025). The nutrient index approach offers a systematic way to assess soil fertility across various agroecosystems, including those in Vaishali (Akhtar et al., 2025).
Moreover, the impact of crop types and farming practices plays a significant role in soil health. Continuous cropping and specific crops can deplete essential nutrients, thereby reducing soil fertility (Mandal et al., 2022). For instance, sugarcane cultivation in nearby districts has shown to affect soil carbon pools, which are critical for maintaining overall soil health (KUDI, 2022). Different studies emphasize the necessity of tailored nutrient management strategies to enhance soil fertility and improve crop yield sustainably (Singh et al., 2023; Choudhary et al., 2020).
Climate impact is another factor that influences soil health. Changes in weather patterns can affect land suitability for agriculture, thus altering the nutrient dynamics within the soil (Sekhar et al., 2022). The Ganga River's proximity also impacts nutrient transport and availability in Vaishali's soils, highlighting the need for localized studies to assess these influences (Pal et al., 2024). Geographic Information System (GIS) and other spatial modeling techniques have been utilized effectively to map soil nutrient status, thereby aiding in better management practices (Kashiwar et al., 2023).
It is clear that multiple factors are at play in determining the fertility of agricultural soils in Vaishali District. The socio-economic context, combined with environmental elements, creates a complex landscape for farmers (Mandal et al., 2022). Planners and policymakers must understand these dynamics to formulate effective strategies that promote sustainable agricultural practices. The sustainable management of soil nutrients will not only enhance food production but will also contribute to environmental protection and resilience against climate change (Sarkar & Das, 2025).
Collaboration among researchers, local farmers, and government bodies is critical in implementing scientific approaches to soil fertility assessments. Continuous education and adaptation of best practices in nutrient management are essential to optimize crop yields while ensuring sustainability (Singh et al., 2025). Therefore, a comprehensive understanding of the soil fertility and nutrient status in Vaishali District will inform agricultural practices, leading to improved crop productivity and sustainability in the region (Kumar et al., 2023; Shahi et al., 2020). The road ahead requires a concerted effort towards integrating traditional knowledge with modern scientific approaches to achieve long-term agricultural sustainability in Vaishali District, Bihar (Mandal et al., 2022).
2. MATERIAL AND METHODS
The present investigation was conducted in Vaishali district of Bihar, India, situated in the middle Gangetic alluvial plains. The district is characterized by fertile alluvial soils and intensive agricultural activity under a rice–wheat–vegetable based cropping system. The region experiences a sub-tropical climate with hot summers, moderate monsoonal rainfall, and cool winters (Muhr et al., 1965).
2.1 SOIL SAMPLING
Surface soil samples were collected from agricultural fields of Vaishali district at a depth of 0–15 cm following standard soil sampling procedures (Jackson, 1973). Prior to sampling, surface debris and crop residues were removed. Several subsamples were collected randomly from each field and thoroughly mixed to prepare a composite soil sample. The samples were air-dried under shade, gently crushed, and passed through a 2-mm sieve for further laboratory analysis (Jackson, 1973).
2.1.1 SOIL PHYSICO-CHEMICAL ANALYSIS
Soil pH was determined in a 1:2.5 soil–water suspension using a digital pH meter following standard procedures (Jackson, 1973). Electrical conductivity (EC) was measured in the same soil extract using a conductivity meter and expressed as dS m⁻¹ to assess soil salinity status (Jackson, 1973). Organic carbon (OC) content of the soil samples was estimated by the Walkley and Black wet oxidation method and expressed in percentage (Walkley & Black, 1934).
2.1.2 AVAILABLE MACRONUTRIENT ANALYSIS
Available nitrogen (N) content of the soil was determined by the alkaline potassium permanganate method and expressed as kg ha⁻¹ (Subbiah & Asija, 1956). Available phosphorus (P₂O₅) was estimated using the Olsen’s sodium bicarbonate extraction method and expressed as kg ha⁻¹ (Olsen et al., 1954). Available potassium (K₂O) was determined by extraction with neutral normal ammonium acetate followed by flame photometric analysis and expressed as kg ha⁻¹ (Jackson, 1973). Available sulphur (S) content was estimated using the calcium chloride extraction method and expressed in ppm (Chesnin & Yien, 1951).
2.1.3 MICRONUTRIENT ANALYSIS
Available micronutrients including zinc (Zn), iron (Fe), manganese (Mn), and copper (Cu) were extracted using DTPA solution and their concentrations were determined using an atomic absorption spectrophotometer (Lindsay & Norvell, 1978). Available boron (B) was determined using the hot water extraction method and expressed in ppm (Muhr et al., 1965).
2.1.4 SOIL FERTILITY RATING AND INTERPRETATION
The analytical results obtained were compared with established critical limits and fertility rating standards to classify soil properties and nutrient status into low, medium, and high/sufficient categories (Muhr et al., 1965). Based on these ratings, the overall fertility status of soils in Vaishali district was evaluated.
2.2 STATISTICAL ANALYSIS
The soil analytical data were tabulated and summarized using descriptive statistical methods. Mean values were used to interpret the fertility status of the soils with respect to macro- and micronutrient availability (Jackson, 1973).
3. RESULT AND DISCUSSION
The soils of Vaishali district exhibited an alkaline reaction, with soil pH ranging from 8.00 to 8.69 (Table 1). Such alkalinity is characteristic of the Indo-Gangetic alluvial plains and may restrict the availability of certain micronutrients under intensive cropping systems. Electrical conductivity varied from 0.18 to 0.89 dS m⁻¹, indicating that the soils are non-saline and free from salinity-related constraints to crop growth.
Soil organic carbon content ranged between 0.45 and 0.70 %, placing the soils in the medium organic carbon category. This level reflects moderate organic matter status, which is insufficient to sustain long-term soil fertility without regular organic matter replenishment.
Available nitrogen ranged from 174 to 218 kg ha⁻¹, classifying the soils as low in nitrogen and identifying it as the primary limiting nutrient in the district. Available phosphorus (P₂O₅) content varied from 22 to 42 kg ha⁻¹, while available potassium (K₂O) ranged from 191 to 272 kg ha⁻¹, both falling under the medium fertility class. These nutrient levels indicate balanced but potentially declining reserves under continuous cultivation.
Secondary nutrient analysis showed that available sulphur ranged from 14 to 27 kg ha⁻¹, exceeding the critical limit and indicating sufficient sulphur availability. Micronutrient concentrations were also adequate, with zinc ranging from 0.88 to 3.70 mg kg⁻¹, boron from 0.64 to 1.39 mg kg⁻¹, iron from 6.86 to 11.62 mg kg⁻¹, manganese from 7.68 to 11.78 mg kg⁻¹, and copper from 0.56 to 9.96 mg kg⁻¹. Despite adequate levels, the alkaline soil reaction may reduce micronutrient bioavailability, particularly zinc and iron.
Overall, the soils of Vaishali district are characterized by alkaline, non-saline conditions with medium organic carbon, low nitrogen, moderate phosphorus and potassium, and sufficient secondary and micronutrients, highlighting the need for integrated nutrient management to sustain soil fertility and agricultural productivity.
Table 1. Soil fertility status of soils of Vaishali district, Bihar
	S. No.
	Soil parameters
	Range
	Mean value
	Normal range
	Fertility status

	1
	pH
	8.00 – 8.69
	8.45
	6.5 – 7.5
	Alkaline

	2
	EC (dS m⁻¹)
	0.18 – 0.89
	0.44
	< 1.0
	Non-saline

	3
	Organic Carbon (%)
	0.45 – 0.70
	0.57
	0.50 – 0.75
	Medium

	4
	Available Nitrogen (kg ha⁻¹)
	174 – 218
	195.09
	280 – 560
	Low

	5
	Available Phosphorus (P₂O₅) (kg ha⁻¹)
	22 – 42
	33.18
	23 – 57
	Medium

	6
	Available Potassium (K₂O) (kg ha⁻¹)
	191 – 272
	228.27
	144 – 337
	Medium

	7
	Available Sulphur (kg ha⁻¹)
	14 – 27
	19.18
	> 10
	Sufficient

	8
	Zinc (mg kg⁻¹)
	0.88 – 3.70
	2.05
	> 0.78
	Sufficient

	9
	Boron (mg kg⁻¹)
	0.64 – 1.39
	0.98
	> 0.50
	Sufficient

	10
	Iron (mg kg⁻¹)
	6.86 – 11.62
	8.47
	> 7.0
	Sufficient

	11
	Manganese (mg kg⁻¹)
	7.68 – 11.78
	9.90
	> 3.0
	Sufficient

	12
	Copper (mg kg⁻¹)
	0.56 – 9.96
	1.66
	> 0.94
	Sufficient
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Fig 1 : Soil Sample Collection                                     fig 2 : Composite Soil Sample by Quartering Method

CONCLUSION
Soils of Vaishali district are alkaline and non-saline with moderate organic carbon. Available nitrogen is the major limiting nutrient, while phosphorus, potassium, sulphur, and micronutrients are largely sufficient. Site-specific and integrated nutrient management, with emphasis on nitrogen and organic matter enhancement, is essential for sustainable crop production.
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