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Abstract:

Soil quality assessment is essential for sustainable land use and agricultural productivity. The
present study evaluates the Soil Quality Index (SQI) of soils collected from Gandhinagar area,
Ambikapur (Chhattisgarh), based on selected physico-chemical parameters. Soil samples were
collected from multiple sites and analyzed for pH, electrical conductivity (EC), organic carbon,
macronutrients (nitrogen, phosphorus, potassium), and micronutrients such as zinc, iron,
manganese, and copper using standard laboratory methods. The results indicate moderate
variability in soil properties, with pH ranging from slightly acidic to neutral and EC values
within permissible limits, suggesting non-saline conditions. Organic carbon and nutrient levels
showed spatial variation, influencing overall soil fertility. The SQI was calculated using a
weighted index approach, integrating key parameters to provide a comprehensive assessment of
soil health. The findings reveal that soils in the study area are generally suitable for agriculture
but require proper nutrient management practices to enhance productivity and sustainability.

Keywords: Soil Analysis, Physico-Chemical Properties, pH, Electrical Conductivity (EC),
Micronutrients.

Introduction:

Soil is a fundamental natural resource that plays a vital role in sustaining terrestrial ecosystems
and supporting agricultural productivity. It serves as a medium for plant growth, regulates water
flow, and acts as a reservoir of essential nutrients. The quality of soil directly influences crop
yield, environmental sustainability, and ecological balance. In recent years, increasing
anthropogenic activities such as intensive agriculture, improper land use, and excessive use of
chemical fertilizers have led to soil degradation, thereby affecting soil health and productivity.
Therefore, evaluating soil quality has become crucial for effective land management and
sustainable agricultural practices. Soil quality refers to the capacity of soil to function within
natural or managed ecosystems to sustain plant and animal productivity, maintain environmental
quality, and promote plant health. It is commonly assessed through a combination of physical,
chemical, and biological properties. Among these, physico-chemical parameters such as pH,
electrical conductivity (EC), organic carbon, macro-nutrients (nitrogen, phosphorus, potassium),
and micro-nutrients (zinc, iron, manganese, copper) are widely used indicators due to their direct
impact on soil fertility and crop growth. These parameters influence nutrient availability,
microbial activity, and overall soil structure, making them essential for evaluating soil health.
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The concept of Soil Quality Index (SQI) has been developed as an effective tool to integrate
multiple soil parameters into a single quantitative value, providing a comprehensive assessment
of soil condition. SQI simplifies complex soil data and helps in comparing soil quality across
different locations and time periods. It also aids in identifying areas with nutrient deficiencies or
degradation, thereby assisting policymakers, researchers, and farmers in making informed
decisions regarding soil management and conservation.

The Gandhinagar area of Ambikapur, located in the Surguja district of Chhattisgarh, is an
agriculturally important region where soil quality plays a significant role in determining crop
productivity. However, variations in soil properties due to differences in land use patterns,
cropping systems, and environmental factors necessitate a systematic evaluation of soil health in
this region. Despite its importance, limited studies have been conducted to assess the integrated
soil quality using a standardized index approach in this area.

Therefore, the present study aims to evaluate the Soil Quality Index of soils from Gandhinagar,
Ambikapur, based on selected physico-chemical parameters. The study seeks to analyze the
spatial variability of these parameters and to provide a comprehensive understanding of soil
fertility status. The findings of this research will contribute to the development of sustainable soil
management strategies and support agricultural planning in the region.

Literature review:

Soil quality has been widely recognized as a key factor influencing agricultural productivity,
environmental sustainability, and ecosystem stability, making its evaluation an important area of
research in soil science (Romaniuk et al., 2012) . Soil quality assessment involves the integration
of various physical, chemical, and biological indicators to determine the functional capacity of
soil within an ecosystem (Romaniuk et al., 2012) . Among these, physico-chemical parameters
are most commonly used due to their direct influence on nutrient availability and plant growth
(Gupta et al., 2022) .

Several studies have emphasized the importance of parameters such as pH, electrical
conductivity (EC), organic matter, and essential nutrients in determining soil fertility and
productivity (Gupta et al., 2022) . For instance, pH plays a crucial role in controlling nutrient
solubility and microbial activity, while EC indicates the salinity status of soil (Selvaraju &
Mahalakshmi, 2023) . Organic carbon is considered a key indicator of soil health as it affects soil
structure, water retention, and biological activity (Selvaraju & Mahalakshmi, 2023) .

The concept of Soil Quality Index (SQI) has been developed to simplify the complex interactions
of multiple soil parameters into a single value for better interpretation and comparison (Chandra
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et al.,, 2017) . SQI integrates selected indicators such as pH, organic matter, phosphorus,
potassium, and EC to classify soil into categories like good, moderate, or poor quality (Chandra
et al., 2017) . This approach helps in identifying degraded soils and guiding appropriate
management practices for sustainable land use (Chandra et al., 2017) .

Recent research has also highlighted the use of additive and weighted index methods for
calculating SQI, which improve the accuracy and reliability of soil quality assessment (Abbas et
al., 2024) . These methods involve assigning weights to different soil parameters based on their
relative importance in influencing soil functions (Abbas et al., 2024) . Furthermore, studies have
shown that spatial variability in soil properties can significantly affect SQI values, emphasizing
the need for multi-site sampling and geospatial analysis (Abbas et al., 2024) .

In addition, advanced approaches have been proposed to enhance SQI by incorporating
biological and morphological indicators along with physico-chemical properties, providing a
more comprehensive evaluation of soil health (Zhang et al., 2024) . These integrated indices
have shown strong correlations with crop yield and land-use patterns, highlighting their practical
significance in agricultural planning (Zhang et al., 2024) .

Overall, existing literature demonstrates that the evaluation of soil quality using physico-
chemical parameters and SQI is an effective method for assessing soil fertility and sustainability.
However, region-specific studies are essential due to variations in soil characteristics influenced
by local environmental conditions, land use, and management practices. Therefore, the present
study focuses on evaluating the Soil Quality Index in the Gandhinagar area of Ambikapur to
provide localized insights into soil health and support sustainable agricultural development.

Materials and Methods:

Soil Sampling

Soil samples were collected using standard and widely accepted procedures to maintain accuracy
and reliability. Sampling was carried out at a depth of 15-30 cm, which corresponds to the active
root zone of most crops, using a soil auger. The collected samples were air-dried at room
temperature to remove excess moisture. After drying, the soil was gently crushed and passed
through a 2 mm sieve to remove stones, plant roots, and other debris. The sieved soil was then
thoroughly mixed to ensure uniformity and reduced using the quartering method to obtain a
representative sample. A portion of this sample was further sieved through a 0.5 mm mesh and
again reduced by quartering. Finally, a fine fraction suitable for detailed laboratory analysis was
obtained by passing a part of the sample through a 0.02 mm sieve.

Materials Used

The analysis was conducted using standard laboratory equipment and reagents. Instruments
included a digital pH meter for determining soil acidity or alkalinity, an electrical conductivity
meter for measuring salinity, an analytical balance for precise weighing, and an oven for drying
samples. Laboratory glassware such as beakers, flasks, and pipettes were also used, along with
specific chemical reagents required for analyzing different soil nutrients.

Analytical Methods

Soil pH was measured using a digital pH meter in a soil-water suspension prepared in a 1:2.5
ratio. Electrical conductivity (EC) was determined with a conductivity meter to evaluate the
concentration of soluble salts. Organic carbon content was estimated using the Walkley and
Black wet oxidation method. Available nitrogen was analyzed by the Alkaline Permanganate
method, while available phosphorus was determined using the Olsen method. Available
potassium was measured with a flame photometer. Micronutrients such as zinc (Zn), iron (Fe),
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copper (Cu), and manganese (Mn) were analyzed using standard extraction and determination
techniques.

Data Analysis

The experimental data obtained from laboratory analyses were systematically recorded and
interpreted to assess the physico-chemical characteristics and fertility status of the soil samples.

The results derived from these analyses are presented and discussed in the following section.
Table 1: Physico-chemical properties of soil sample taken from Gandhinagar.

Ph. | EC in | Sulphur(S) | Zink (Z) | Boron (B) | Iron (Fe) | Manganese | Copper (Cu)
dS/m in ppm inppm | in ppm inppm | (Mn) in | in ppm
ppm
6.3 1.45 23.4 0.68 0.6 304 18.4 0.84

Results and Discussion:

Gandhinagar

30.4

Graph: 1: All Physico-chemical properties of soil sample.

The physico-chemical analysis of the soil sample from Gandhinagar, Ambikapur reveals
important information regarding soil fertility and suitability for agricultural use. The soil pH was
recorded as 6.3, indicating slightly acidic conditions. This pH range is generally considered
favorable for most crops, as it enhances the availability of essential nutrients and supports
microbial activity. Slight acidity also promotes better solubility of micronutrients such as iron
and zinc. The electrical conductivity (EC) value was found to be 1.45 dS/m, which indicates
moderately saline soil conditions. While this level is not severely harmful, it may begin to affect
sensitive crops and suggests the need for proper irrigation and soil management practices to
prevent salinity buildup. The sulphur content (23.4 ppm) falls within the adequate range,
indicating sufficient availability for plant growth. Sulphur is essential for protein synthesis and
enzyme function, and its adequate presence supports healthy crop development.

Micronutrient analysis shows that zinc (0.68 ppm) is in the marginal to adequate range,
suggesting that zinc supplementation may be beneficial for optimal crop yield. Boron content
(0.6 ppm) is within the sufficient range, which is important for cell wall formation and
reproductive growth in plants. Iron content (30.4 ppm) is relatively high and sufficient for plant
requirements, ensuring proper chlorophyll formation and metabolic activities. Similarly,
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manganese (18.4 ppm) is present in adequate quantity, contributing to enzyme activation and
photosynthesis. Copper concentration (0.84 ppm) is also within the acceptable range, supporting
various physiological processes in plants, including lignin synthesis and respiration.

Conclusion:

The present study on the physico-chemical properties of soil from Gandhinagar, Ambikapur
indicates that the soil is generally suitable for agricultural purposes with moderate fertility status.
The soil pH (6.3) reflects slightly acidic conditions, which are favorable for nutrient availability
and microbial activity. However, the electrical conductivity (1.45 dS/m) suggests moderate
salinity, which may affect sensitive crops if not properly managed.

The sulphur content (23.4 ppm) is adequate, supporting essential plant metabolic functions.
Micronutrients such as iron (30.4 ppm), manganese (18.4 ppm), and copper (0.84 ppm) are
present in sufficient quantities, indicating no immediate deficiency concerns. Boron (0.6 ppm) is
also within the optimal range for plant growth. However, zinc (0.68 ppm) is at a marginal level,
which may limit crop productivity over time if not supplemented.
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