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ABSTRACT

Soil quality plays a vital role in determining agricultural productivity, ecosystem
sustainability, and nutrient cycling. The present study investigates the soil quality and
nutrient availability of the Patpariya area in Ambikapur, Chhattisgarh, through
comprehensive physico-chemical analysis. Surface soil samples were collected from selected
locations and analyzed for key parameters including pH, electrical conductivity (EC), organic
carbon, available nitrogen, phosphorus, potassium, moisture content, and soil texture. The
findings provide valuable insights into the fertility status and nutrient dynamics of the study
area. Variations in soil properties were observed, reflecting the influence of local
environmental conditions and land-use practices. The assessment revealed that the soils are
generally suitable for agricultural purposes; however, certain nutrients exhibited deficiencies
that may affect crop productivity if not managed appropriately. The study emphasizes the
importance of periodic soil monitoring and site-specific nutrient management strategies to
improve soil health and ensure sustainable agricultural development. The results generated
from this investigation can serve as baseline data for farmers, researchers, and policymakers
in planning effective soil conservation and fertility enhancement measures in the Patpariya

region of Ambikapur.
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INTRODUCTION

Soil is one of the most important natural resources and serves as the foundation for
agricultural productivity, environmental sustainability, and ecosystem functioning. It acts as a
medium for plant growth by providing essential nutrients, water, and support to vegetation.
The physico-chemical characteristics of soil, such as pH, electrical conductivity, organic
matter content, texture, and nutrient composition, significantly influence its fertility and
productivity. Therefore, the assessment of soil quality is essential for understanding the
capability of soils to sustain agricultural activities and maintain ecological balance.

In recent years, increasing agricultural intensification, changing land-use patterns, and
environmental degradation have adversely affected soil health in many regions. Nutrient
depletion, soil erosion, and improper fertilizer application practices have become major
concerns, particularly in rural and semi-urban areas. Regular monitoring of soil quality and
nutrient availability is necessary to develop effective soil management strategies and ensure

sustainable agricultural development.
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Figure 1: Soil sample collection.
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The Patpariya area of Ambikapur, located in the Surguja district of Chhattisgarh, is
characterized by diverse agricultural practices and varying soil conditions. Agriculture is a
primary source of livelihood for the local population, making soil fertility a critical factor in
determining crop yield and economic stability. Despite its agricultural importance, limited
scientific information is available regarding the physico-chemical properties and nutrient
status of soils in this region. Consequently, a detailed investigation of soil quality is required
to generate baseline data for future agricultural planning and soil conservation initiatives.

Physico-chemical analysis provides a reliable and scientific approach for evaluating soil
quality. Parameters such as soil pH, electrical conductivity (EC), organic carbon, available
nitrogen (N), phosphorus (P), potassium (K), moisture content, and soil texture offer valuable
information about the nutrient availability and overall health of soils. Understanding these
properties helps identify nutrient deficiencies, assess soil suitability for crop cultivation, and

recommend appropriate soil amendments and fertilizer management practices.

Literature Review

Parameters such as soil pH, electrical conductivity (EC), and organic carbon are widely
recognized as key factors controlling soil productivity and agricultural performance (Imrana,
2019) . Soil pH plays a significant role in regulating nutrient solubility and microbial activity,
with slightly acidic to neutral conditions being most suitable for crop growth (Imrana, 2019) .
Electrical conductivity is an important measure of soil salinity, and higher EC values can
negatively affect plant growth and soil structure (Imrana, 2019) . Organic carbon is a critical
component of soil that enhances aggregation, porosity, and water retention capacity, thereby
improving overall soil physical properties (Soil Advances, 2024) . Studies have shown that
increased soil organic carbon significantly improves macro-aggregate formation and soil
structural stability (Soil Advances, 2024) . The role of soil texture, clay minerals, and cation
exchange capacity (CEC) is also important in determining nutrient retention and mobility
within the soil system (Singh et al., 2017) . Clay fractions with higher surface area and charge
density exhibit greater ability to retain dissolved organic carbon and nutrients (Singh et al.,
2017) . Agricultural practices such as the use of fertilizers, organic amendments, and
conservation techniques significantly influence soil physico-chemical properties and nutrient
dynamics (Kumar et al., 2025) . Research indicates that conservation agriculture practices can
enhance soil organic carbon and maintain stable pH and EC levels over time (Kumar et al.,
2025) . Furthermore, integrated nutrient management practices have been found to improve

soil fertility and nutrient uptake in crops (Pandey et al., 2015) . Overall, previous studies
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highlight that a comprehensive understanding of soil physico-chemical properties is crucial
for sustainable soil management and improved agricultural productivity (Patra et al., 2024)
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 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).

MATERIALS AND METHODS

1 Study Area

The present investigation was conducted in the Patpariya area of Ambikapur, situated in the
Surguja district of Chhattisgarh, India. The region lies within the northern part of the state
and is characterized by a tropical climate with distinct summer, monsoon, and winter seasons.
Agriculture is the predominant occupation of the local population, and the area supports the
cultivation of crops such as paddy, maize, pulses, and vegetables. The soils of Patpariya are
influenced by climatic conditions, topography, and land-use practices, making it an ideal
location for evaluating soil quality and nutrient status.

2 Collection of Soil Samples

Surface soil samples were collected from selected agricultural sites in the Patpariya area
during the study period. Samples were obtained from a depth of 0—15 cm using a stainless-
steel auger following standard soil sampling procedures. At each sampling location, multiple
subsamples were collected and mixed thoroughly to prepare a representative composite
sample. The collected samples were stored in clean polyethylene bags, properly labeled, and

transported to the laboratory for further analysis.
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3 Sample Preparation

The soil samples were air-dried at room temperature and subsequently crushed gently using a
mortar and pestle to remove aggregates. The dried samples were passed through a 2 mm sieve
to obtain a uniform particle size. Prepared samples were stored in airtight containers until
analysis to prevent contamination and moisture absorption.

4 Materials and Instruments Used

The following materials and instruments were employed during the study:

e Soil auger

e Polyethylene sampling bags

e Mortar and pestle

e 2 mm sieve

o Digital pH meter

e Electrical Conductivity (EC) meter

e Analytical balance

e Hot air oven

o Glassware (beakers, conical flasks, pipettes, measuring cylinders)

e Spectrophotometer

o Flame photometer

o Distilled water and analytical grade reagents

5 Physico-Chemical Analysis of Soil
The collected soil samples were analyzed for various physico-chemical parameters using

standard analytical methods. The methodologies adopted are summarized below:

Parameter Method Used
pH Digital pH Meter (1:2.5 Soil-Water Suspension)
Electrical Conductivity (EC) | Conductivity Meter
Organic Carbon Walkley and Black Method
Available Nitrogen Alkaline Permanganate Method
Available Phosphorus Olsen's Method
Available Potassium Flame Photometric Method
Moisture Content Oven Drying Method
Soil Texture Hydrometer Method
6 Data Analysis

The analytical data obtained from the physico-chemical examination of soil samples were
compiled and subjected to descriptive statistical analysis. Mean values and standard

deviations were calculated for the measured parameters wherever applicable. The observed
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values were compared with standard soil fertility ratings to assess the nutrient status and

suitability of the soils for agricultural purposes.

Table 1: Physico-chemical properties of soil sample taken from jaurhi.

Ph | EC | Sulphur(S) | Zink (Z) | Boron (B) | Iron (Fe) | Manganese Copper (Cu)
in | in ppm in ppm in ppm in ppm (Mn) in ppm in ppm
ds/

m

6.7 | 0.1 | 24.8 0.64 0.6 18.4 27.6 1.24
5
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Graph: 1: All Physico-chemical properties of soil sample.

The soil exhibited a pH value of 6.7, indicating a slightly acidic to nearly neutral nature. Such
soils are generally considered favorable for the availability of most essential plant nutrients
and support the growth of a wide variety of crops. Soil pH plays a crucial role in regulating
nutrient solubility, microbial activity, and overall soil fertility (Brady & Weil, 2017).

The electrical conductivity (EC) of the soil was found to be 0.15 dS/m, which is well below
the threshold for saline soils. This suggests that the soil possesses low soluble salt content and
is suitable for agricultural practices without the risk of salinity-induced stress on crops.
According to Richards (1954), soils with EC values below 2.0 dS/m are generally classified
as non-saline and suitable for crop cultivation.

The sulphur concentration in the soil was recorded as 24.8 ppm, indicating an adequate
supply for plant growth. Sulphur is an essential secondary nutrient involved in protein

synthesis, enzyme activation, and chlorophyll formation. The observed concentration
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suggests that the soil can support crop productivity without immediate sulphur
supplementation (Havlin et al., 2014).

Zinc concentration was determined to be 0.64 ppm. Zinc is an essential micronutrient
required for enzyme activity, protein synthesis, and auxin metabolism. The observed value is
slightly above the commonly accepted critical limit of 0.6 ppm, indicating that the soil is
marginally sufficient in zinc. However, continuous cultivation and intensive farming
practices may lead to future zinc depletion, warranting regular monitoring (Lindsay &
Norvell, 1978).

The boron content of the soil was found to be 0.60 ppm, which falls within the adequate
range for most agricultural crops. Boron plays a significant role in cell wall development,
pollen germination, and carbohydrate transport. Adequate boron availability contributes to
improved crop yield and reproductive development (Gupta, 1993).

Iron concentration was measured at 18.4 ppm, substantially exceeding the critical deficiency
level of approximately 4.5 ppm. Iron is essential for chlorophyll synthesis and various
metabolic processes. Similarly, manganese and copper concentrations were observed to be
27.6 ppm and 1.24 ppm, respectively, both of which indicate sufficient availability for normal
plant growth. These micronutrients are important for photosynthesis, enzyme activation, and

disease resistance mechanisms in plants (Alloway, 2008).

CONCLUSION

The present study The soil sample showed a pH of 6.7, indicating a slightly acidic to neutral
reaction, which is generally favorable for the availability of most plant nutrients. The
electrical conductivity (EC) of 0.15 dS/m indicates that the soil is non-saline and suitable
for crop cultivation.

The available sulphur content (24.8 ppm) is within the adequate range for most crops. The
micronutrient analysis revealed that zinc (0.64 ppm) is marginal to adequate, while boron
(0.6 ppm) is sufficient for normal plant growth. The concentrations of iron (18.4 ppm),
manganese (27.6 ppm), and copper (1.24 ppm) are well above their critical deficiency

levels, indicating adequate availability of these nutrients in the soil.
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