




Review Article

Assessment of Soil Fertility Status in Rice-Growing Areas of Banda District, Bundelkhand Region, India

Abstract
Soil is the most vital and precious natural dynamic body that sustains life for all living things in the world. It plays a major role in determining the sustainable productivity of an agro-ecosystem. Rice (Oryza sativa L.) is the most predominant cereal crop in Southeast Asian countries, particularly India. The review paper aims to assess the soil fertility status in rice-growing areas of the Banda district, Bundelkhand Region, India. An experiment was conducted in the rice-growing area of Badokhar Khurd block in Banda district of Bundelkhand region to evaluate the soil fertility index. A total of 300 geospatial soil samples were collected from the surface (0-15 cm). Out of the total samples, 56.3% were slightly alkaline, 40% were neutral, and 3.7% slightly acidic in reaction. The electrical conductivity (EC) values were non-saline in the condition. Most of the soils were found under a low category of soil organic carbon (SOC), available nitrogen (N), while available phosphorus (P) lies under medium in category, and exchangeable potassium (K) lies under high in category. Based on Nutrient Index Value (NIV), the soils of the study area were found in low fertility status for organic carbon (1.14), available nitrogen (1.16), medium in available phosphorus (2.08) and high in available potassium (2.44). Thus, organic carbon and nitrogen were the key soil fertility constraints in selected sites of the Banda district of the Bundelkhand region. The balanced use of fertilisers with the combination of bio-fertilisers and organic manures as an integrated nutrient management (INM) approach could greatly help in maintaining the soil fertility in rice-growing areas in the Bundelkhand region of central India. Soil fertility attributes indicated that soils are low in soil organic carbon and available nitrogen, medium in available phosphorus and high in available potassium. Therefore, farmers are advised to use chemical fertilisers based on the soil test results along with bio-fertilisers, and organic manures as an integrated nutrient management (INM) approach can be a viable option in this region for maintaining soil fertility and sustainable crop production. 
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INTRODUCTION
Rice (Oryza sativa L.) is the most predominant cereal crop in Southeast Asian countries, particularly India. It contains a significant number of calories and a wide variety of essential vitamins, minerals, and other nutritional values. Its nutrients are superior to those found in maize, wheat, and potatoes. It is also recognised as a great source of vitamin E and B5 as well as carbohydrates, thiamine, calcium, folate, and iron (Mohidem et al., 2022). It is a staple diet for almost 3 billion people worldwide, making it the most crucial crop for food security and human consumption, contributing about more than 20% of global caloric intake (Chaudhary et. al., 2025). Globally, it is cultivated on 168.35 million hectares and produces about 800 million metric tons of grain (Pathak et. al., 2025). It is cultivated in different agro-climatic zones, making it crucial for food security, especially in developing nations. In India, it is grown on approximately 45 million hectares of land, accounting for 32.14% of the total net cultivated area (Sadhukhan et. al., 2023). In India, there are 177.65 million tonnes of milled rice production having a productivity of 2.89 tonnes per hectare (Sadhukhan et. al., 2023; Agri Stat, 2022). 
Soil is the most vital and precious natural dynamic body that sustains life for all living things in the world. It plays a major role in determining the sustainable productivity of an agro-ecosystem. It takes almost 1000 years to produce an inch of topsoil (Chandra and Singh, 2009). As an essential component of an agriculturally sustainable system, it is governed by physicochemical properties and nutrient capacity, which ultimately determine crop productivity. It is a key resource in rice-growing ecosystems that must be of optimum quality with its physical, chemical and biological properties, in combination with other management practices to increase productivity and meet future needs.
Soil health and fertility are foundational to sustainable agriculture and food production.  As the world's population continues to grow, placing increasing demands on agricultural lands, maintaining and enhancing soil quality is critical (Singh et al., 2024; Majhi et al., 2023). Soil fertility is the property by which soil provides all essential nutrients to crop plants in optimal quantities. Therefore, a detailed study of soil fertility is essential for better crop production and management. A thorough investigation of the physical and chemical properties of soil will give us greater insight into these soil dynamics. It will also help us understand soil fertility and related problems for successful crop cultivation. In agricultural ecosystems, soil organic carbon (SOC), nitrogen (N), phosphorus (P), and potassium (K) are the key indicators and determinants of soil quality and fertility, as they are strongly linked to plant growth and productivity (Duan et. al., 2020). Consequently, maintaining adequate SOC is crucial for the sustainability and productivity of terrestrial ecosystems. Nitrogen and phosphorus are among the most vital nutrients for crop growth and play a critical role in sustaining rice production (Yuan et. al., 2014; Duan et. al., 2020). To maintain or improve rice yields, N and P chemical fertilisers are widely applied to paddy fields to boost their levels (Liu et. al., 2014). However, the excessive use of N and P fertilisers can cause environmental contamination, as surplus N and P may leach into surface and groundwater through runoff and erosion (Hou et. al., 2015; Duan et. al., 2020). Therefore, precise and balanced fertiliser management, based on site-specific spatial fertility evaluation, is very important. The use and application of agrochemicals have significantly increased agricultural production but often at the expense of soil health (Chaubey et. al., 2023). Soil test-based fertility management is an effective approach for improving productivity in soils with high spatial variability caused by physical, chemical, or biological factors. Site-specific management that considers different climates and cropping systems is essential to enhance soil health (Dougherty et. al., 2022).
The Bundelkhand region, located in the central part of the country, is known for its unexplored, low-fertility and poorly developed soils due to excessive drainage caused by light soils, low soil depth, very low water retention capacity, and low organic matter content, along with crust formation on the soil surface (Srinivasan et. al., 2016). This region has also experienced repeated droughts from 2004 to 2007 because of rainfall scarcity and variability, leading to issues in crop planning, policy development and intervention schemes (Patel and Yadav, 2015). Therefore, characterising soils and assessing their nutrient supply capacity is essential to ensure and improve agricultural sustainability. The nutrient index value method and fertility indicators can be used to evaluate soil fertility status (Sahu et. al., 2023). Consequently, an observational study was conducted to characterise the soils based on fertility attributes in the rice-growing area of Badokhar Khurd block in Banda district, part of the Bundelkhand region in central India.
MATERIALS AND METHODS:
Selection of site:
	Geographically, the study area is located at 25°28ꞌ10ꞌꞌ N latitudes, 80°21ꞌ15ꞌꞌ E longitudes to 25°22ꞌ08ꞌꞌ N latitudes, 80°22ꞌ48ꞌꞌ E longitudes. The climate of this region is typically Arid to Semi-arid. The rainfall is seasonal, erratic and not properly distributed in this district. The average annual rainfall of the district is 902 mm, of which more than 80% occurs in the south-west monsoon. Keeping this view of the rice-growing area, Badokhar Khurd block has been selected for the study area. Generally, soils of the Banda district are divided into red and black soils. Further, the red soils are locally divided into Rakar, Parua, and black soils, which are Kabar and Mar, respectively. The total study area covers about 7565.38 ha.
Collection of analysis of soil samples:
The soil samples were collected from depths of 0-15 cm based on the topography, soil type, and slope. A total of 300 geo-located soil samples were and collected in October and November 2023 after the rice crop harvest. Samples were taken from 12 locations within one site, pooled together using the quartering technique and regarded as a single sample. The soil samples were air-dried, processed, and analyzed according to standard procedures described by the following methods: Bulk density using core sampler (Blake and Hartge, 1986), Particle Density with Pycnometer (Blake, 1965), pH and EC (electrical conductivity) (Jackson, 1973 and Jackson, 1967), soil organic carbon (SOC) (Walkley and Black, 1934), Available nitrogen by the Alkaline potassium permanganate method (Subbiah and Asija, 1956), Available phosphorus using the Olsen method (Olsen et. al., 1954) and Available potassium by the ammonium acetate method (Hanway and Heidel, 1952). 
Nutrient Index 
Nutrient Index was interpreted according to the standard formula proposed by Parker (1951), modified by Ramamoorthy and Bajaj (1969), which is presented in Table 1. Nutrient index was calculated as per the following formula 
		Nutrient Index Value (N.I.V) = (Nl × 1 + Nm × 2 + Nh × 3) /NT
Where, 
	Nl	: Indicates the number of samples falling in the low class of nutrient status 
	Nm	: Indicates the number of samples falling in the medium class of nutrient status 
	Nh	: Indicates the number of samples falling in the high class of nutrient status 
	NT        : Indicates the Total number of samples analysed in the given area

Table 1: Rating Chart of Nutrient Index Value

	S.No.
	Category
	Value
	Interpretation

	1.
	Low
	<1.67
	Low fertility status of the area

	2.
	Medium
	1.67-2.33
	Medium fertility status of the area

	3.
	High
	>2.33
	High fertility status of the area




Statistical analysis
Descriptive statistics (mean, range, standard deviation and coefficient of variation) of soil physical parameters were computed using SPSS software. The coefficient of variation was ranked according to the procedure of Aweto (1982), where CV ≤ 25% is low variation, CV 25- 50% is medium variation and ≥ 50% is high variation.
RESULTS AND DISCUSSION:
Distribution of soil parameters of therice-growing area of Banda is presented in Table 2.
Table 2: Distribution of soil parameters with soil fertility rating of rice growing area of Banda
	S.N.
	Soil parameters
	% of sample category
	NIV
	Fertility rating

	
	
	Low
	Medium
	High
	
	

	1.
	Organic Carbon (%)
	86
	14
	-
	1.14
	Low

	2.
	Available N (kg ha-1)
	84
	16
	-
	1.16
	Low

	3.
	Available P (kg ha-1)
	-
	92
	8
	2.08
	Medium

	4.
	Available K (kg ha-1)
	-
	22.3
	77.7
	2.44
	High



Physical properties:
Bulk Density (BD) and Particle Density (PD):
Bulk density is an indicator of soil compaction. It reflects the soil's ability to function for structural support, water and solute movement, and soil aeration. It is directly proportional to the weight of soil and indirectly related to porosity. The bulk density of surface soil ranged from 1.29 to 1.42 g cm-3, whereas the mean value was 1.37 g cm-3. Meanwhile, particle density ranged from 2.59 to 2.72 g cm-3, with a mean value of 2.67 g cm-3. The Bulk density (2.04%) and Particle density (1.21%) exhibited low variability. Several studies have found that particle density varies considerably across soil types, clay content, and geographical regions.
Porosity (%):
A good soil should be porous to enhance nutrient availability, water-holding capacity (WHC), and root growth. The porosity of surface soil ranged from 46.01% to 51.66% with a mean value of 48.69%, indicating good soil quality. The porosity exhibited medium variability (41.58%) among the soil samples. Intensive tillage resulted in lower bulk density and higher total porosity, while the reduction in total porosity under no tillage management is primarily due to a decrease in the percentage of pore space in the soil.
Chemical Properties:
 Soil pH and EC: 
Soil pH is the most important attribute of the soil because it directly influences the nutrient availability and crop growth. The distribution of soil pH based on 300 soil samples showed that about 3.7% of the samples were slightly acidic, 40% were neutral, and 56.3% were slightly alkaline. The result indicated that the soils were slightly acidic to mildly alkaline in nature. A similar result was reported by Prasad et. al., (2020), who indicated that the soils of the Bundelkhand region were neutral to moderately alkaline in reaction. 
The neutral to slightly alkaline pH of these soils can be attributed to the presence of sufficient base saturation and is useful for the growth of field and horticulture crops (Mishra et al., 2023). Soil with a pH less than 8.0 might be due to the soil being well-drained and light in colour (Priya et. al, 2021). 
In case of electrical conductivity, based on 300 soil samples analysed, all samples were within the acceptable limit (<1 dSm-1) for crop growth with higher quality. A similar result was observed by Rizvi et. al., 2015 in the soils of Jhansi district of Bundelkhand region. In general, the soils of the arid and semi-arid regions are dominated by the carbonates of calcium, whereas the EC of the soil is governed by carbonates and sulphates of Na, which is the reason for the low EC in this region (Prasad et. al., 2020). The optimal pH and EC of soil help in nutrient availability, reduction of toxic elements effects, and increase in soil microbial activities (Priya et. al, 2021).
Organic Carbon (%):
SOC is considered a key indicator for soil fertility and the sustainability of agricultural systems. It is a major source of plant nutrients (N, P, S and micronutrients) besides promoting many soil physical properties. The distribution of organic carbon based on the total samples, about 86% soil samples were low, and 14% samples were medium in category. Lower SOC in the Bundelkhand region may be due to the prevailing high temperature, as well as good soil aeration, which accelerates the oxidation rate of organic matter (Meena et. al., 2020).
Available Nitrogen:
Soil samples derived from the rice-growing area of Badokhar Khurd block of Banda district have the maximum samples of available nitrogen, and are low in the category. Out of 300 soil samples, about 84% of the soil samples were low, and 16% samples were medium in category. A low to medium range of N may be linked with low organic matter content, losses of nitrogen due to leaching, high denitrification rate in semi-arid climate, and lack of bio-fertiliser, green manures and nitrogenous fertilisers (Prasad et. al., 2020). Another possible reason may also be due to low organic matter content in these areas due to low rainfall and high temperature, which facilitates faster degradation and removal of organic matter, leading to N deficiency. Similar results were reported by Prasad et. al., 2020 and Mishra et. al., 2023. 
Available Phosphorus:
Phosphorus is the second most important macronutrient available in biological systems, which constitutes more than 1% of the dry organic weight (Ravikumar and Somashekar, 2013). It is essential for growth, cell division, root development, fruit production and early ripening. Based on the total samples, about 92% were medium in phosphorus content, and 8% were high. This variation may be due to differences in soil pH as well as high CaCO3 content in the soils. 
Exchangeable Potassium:
A wide range of soil potassium content was also observed in the soils of the rice-growing area of Badokhar Khurd block in Banda district. Results revealed that out of the total samples, approximately 22.3% of the soil samples were medium, and 77.7% were high in category. Similar trends of results were reported by Chaubey et. al., 2021. This type of trend is possibly due to differences in K release rate from the clay and differences in the rate of K fertilisation (Sharma et. al., 2007). Increase in K might be due to soil saturation, which resulted in widening of clay minerals, releasing previously fixed K, and large storage of fertilisers resulted in dissolution of these within the flood water (Meena et. al., 2020). 
Nutrient index status:
The nutrient index value (NIV) was calculated for all soil attributes except soil pH and EC, based on the rating suggested by Ramamoorthy and Bajaj (1969 (Table 1). NI values were interpreted into three categories: low, medium, and high. The NIV showed in Fig. 1 for organic carbon (1.14) and available nitrogen (1.16) fell into the low category, indicating deficient fertility status. In contrast, available phosphorus (2.08) was classified as medium, indicating sufficient fertility. Meanwhile, the nutrient index value of available potassium (2.44) was in the high category. A similar result was supported by Chaubey et. al., (2021) and Mishra et. al., (2023).

Fig 1: Nutrient Index value of soil parameters
CONCLUSION
The present study suggests that the soils of the rice-growing area of Badokhar Khurd block of Banda district are mostly slightly alkaline in nature. The electrical conductivity of non-saline water is indicated as safe for agricultural activities. Soil fertility attributes indicated that soils are low in soil organic carbon and available nitrogen, medium in available phosphorus and high in available potassium. It clearly indicates the need for effective and proper nutrient management for better crop production and the sustainability of soil nutrient supply in this region. Therefore, farmers are advised to use chemical fertilisers based on the soil test results along with bio-fertilisers, and organic manures as an integrated nutrient management (INM) approach can be a viable option in this region for maintaining soil fertility and sustainable crop production. 
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