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ABSTRACT

The physico-chemical properties of soil play a critical role in determining its fertility, productivity, and
ecological functions. This study investigates the soil from Gangapur, located in the Ambikapur region of Surguja
division, Chhattisgarh, to understand its physico-chemical characteristics and assess its quality. Soil samples
were collected using systematic sampling techniques from various locations within the Gangapur area. Key
parameters, including texture (sand, silt, clay composition), bulk density, porosity, water holding capacity
(WHC), permeability, pH, electrical conductivity (EC), organic carbon content, and concentrations of essential
micronutrients (zinc, copper, iron, manganese) and macronutrients (nitrogen, phosphorus, potassium), were
analyzed. The results reveal significant insights into the soil's texture, nutrient availability, and chemical
properties, which are essential for agricultural practices and environmental health. The soil exhibits a silty clay
texture, moderate organic carbon content, and slightly acidic pH, with variations across sampling sites.
Additionally, trace element concentrations were found to be within permissible limits, indicating potential
suitability for agricultural use. However, challenges related to water retention and soil compaction were
identified, suggesting a need for proper soil management strategies.
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I. INTRODUCTION

Soil is a fundamental component of terrestrial ecosystems, providing essential support for plant growth, water
filtration, and nutrient cycling. Its physical and chemical properties are critical indicators of soil health,
agricultural potential, and environmental sustainability. Understanding these properties is vital for effective
land management, sustainable agricultural practices, and the conservation of natural resources. The Gangapur
area, located in the Ambikapur region of Surguja division, Chhattisgarh, is characterized by diverse land use
patterns and agricultural practices. However, comprehensive data on the physico-chemical properties of its soil
is limited. The region's climate, topography, and anthropogenic activities, such as farming and deforestation,
are likely to influence soil characteristics, including its texture, nutrient content, pH, and water retention
capacity. These factors, in turn, directly affect crop yield, ecosystem health, and the region's overall
productivity.

This study focuses on analyzing the physico-chemical properties of soil from Gangapur to establish a baseline
understanding of its quality and suitability for agricultural and ecological purposes. By examining key
parameters such as soil texture, bulk density, porosity, water holding capacity (WHC), pH, electrical
conductivity (EC), and nutrient concentrations, this research aims to provide insights into the soil's current
state and identify areas for potential improvement. The findings of this study are expected to contribute to the
development of targeted soil management strategies and inform sustainable agricultural practices in Gangapur
and surrounding areas. Moreover, this research addresses a broader need for localized soil quality assessments
in regions with limited prior studies, aiding in the formulation of region-specific recommendations for land use
and resource conservation.
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II. LITERATURE REVIEW

Understanding the physico-chemical properties of soil is crucial for assessing its fertility, productivity, and
ecological health. Several studies have emphasized the importance of soil characterization in agricultural
planning and environmental conservation. This section reviews existing literature on soil physico-chemical
properties, focusing on parameters relevant to the Gangapur region in Ambikapur, Surguja division,
Chhattisgarh.

1. Soil Texture and Physical Properties: Soil texture, defined by the relative proportions of sand, silt, and
clay, significantly influences soil structure, water holding capacity (WHC), and permeability. According to Brady
and Weil (2016), finer-textured soils, such as silty clay, exhibit higher WHC but reduced permeability, which
can impact root penetration and drainage. The bulk density and porosity are also critical indicators of soil
compaction and aeration (Lal & Shukla, 2004).

2. Soil pH and Electrical Conductivity: Soil pH affects nutrient availability and microbial activity, with most
crops thriving in a slightly acidic to neutral range (pH 6.0-7.5). Deviations from this range can lead to nutrient
imbalances and reduced crop productivity (Fageria et al., 2011). Electrical conductivity (EC) measures the soil's
salinity, which influences its ability to support plant growth. High salinity can inhibit plant uptake of water and
nutrients (Rhoades et al,, 1999).

3. Organic Carbon and Nutrient Availability: Organic carbon content is a key determinant of soil fertility,
influencing its nutrient-holding capacity and microbial activity. Studies have shown that soils with higher
organic matter content have improved nutrient retention and enhanced soil structure (Lehmann & Kleber,
2015). Essential macronutrients such as nitrogen (N), phosphorus (P), and potassium (K), along with
micronutrients like zinc (Zn), copper (Cu), and iron (Fe), are critical for plant growth and development
(Marschner, 2012).

4. Regional Studies on Soil Properties: In the context of Chhattisgarh, studies by Sharma et al. (2018)
highlighted the variability of soil properties across different agro-climatic zones. Their work revealed that soils
in the Surguja division are generally characterized by high clay content, slightly acidic pH, and moderate
organic carbon levels. Similar findings were reported by Singh et al. (2020), who emphasized the need for
localized soil assessments to optimize agricultural practices in the region.

5. Anthropogenic and Environmental Influences: Anthropogenic activities, such as intensive farming and
deforestation, can significantly alter soil properties over time. Lal (2003) discussed the impact of land use
changes on soil quality, emphasizing the importance of sustainable practices to mitigate soil degradation.
Additionally, climatic factors, including rainfall and temperature variations, influence soil moisture and nutrient
dynamics (Jenny, 1941).

III. MATERIALS AND METHODS

This section outlines the materials and methods used to analyse the physicochemical properties of soil of
Gangapur, Ambikapur, located in the Surguja division of Chhattisgarh. The study used a systematic approach for
soil sampling, preparation and analysis to ensure reliable and reproducible results.

1. Study area: The study was conducted in Gangapur, Ambikapur, a region known for its agricultural practices
and diverse soil types. The region has a tropical climate with moderate rainfall, which influences soil
characteristics. Geographically, Gangapur is located in the Surguja division, characterized by rugged terrain and
forest areas.

2. Soil sampling: Soil samples were collected using a systematic sampling method to ensure representative
coverage of the study area. At this location, soil samples were collected from a depth of 15-30 cm using a
stainless steel auger, following standard procedures outlined by Carter and Gregorich (2008). Samples were
air-dried, sieved through a 2 mm mesh and stored in labelled containers for further analysis.

3. Laboratory analysis: Physico-chemical properties of soil were determined using the following methods:

3.1. Physical properties: Soil texture: Determined using the hydrometer method (Bucos, 1962) to classify soil
into sand, silt and clay fractions.
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Bulk density and porosity: Measured using the core method described by Blake and Hartge (1986). Water
holding capacity (WHC): Assessed by saturating soil samples and measuring the water retained (Clute, 1986).
3.2. Chemical properties: pH: measured using a digital pH meter in 1:2.5 soil-water suspension (Jackson, 1973).
Electrical conductivity (EC): measured using a conductivity meter in the same suspension. Organic carbon:
determined by the Walkley-Black method (Walkley and Black, 1934). Macronutrients: Nitrogen (N) was
analyzed using the Kjeldahl method, phosphorus (P) was analyzed using the Olson method, and potassium (K)
was analyzed using a flame photometer (Page et al., 1982). Micronutrients: Zinc (Zn), copper (Cu), iron (Fe),
and manganese (Mn) concentrations were measured using atomic absorption spectrophotometry (Lindsay and
Norvell, 1978).

Table 1: Physical properties of Soil sample taken from Gangapur area, Ambikapur.

S.No. Physio-chemical properties Unit Va:;iel in Lexzctilizfjlc;:):é?n/
01 Electrical Conductivity Ds/m 0.52 Less than 1.0-Normal
02 pH-value pH-Scale 5.0 Neutral 7
03 Carbone (C) Kg/Hactare 0.60 Less than 0.50- Lower
04 Zinc (Zn) ppm 0.42 0.6
05 Cupper (Cu) ppm 211 0.2
06 Iron (Fe) ppm 32.2 4.5
07 Manganese (Mn) ppm 25.2 3.5
08 Boron (B) ppm 1.1 0.5
09 Sulphur(S) ppm 24.52 10

IV.  RESULT & DISCUSSION
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1. Electrical Conductivity (EC)

e Value: 0.52 dS/m

o Interpretation: The soil's electrical conductivity falls below the critical level of 1.0 dS/m, indicating normal
salinity conditions. This suggests that the soil does not pose risks of salinity stress for crops and is suitable for
agricultural use.

2. pH Value

e Value: 5.0

o Interpretation: The soil is slightly acidic, as neutral pH is 7. This acidity may limit the availability of certain
nutrients, such as phosphorus and molybdenum, while enhancing the solubility of micronutrients like iron and
manganese. Proper lime application could help in pH correction if required for specific crops.

3. Organic Carbon (C)

e Value: 0.60 kg/ha
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e Interpretation: The organic carbon content is slightly above the lower critical level of 0.50 kg/ha,
indicating moderate fertility. This suggests adequate organic matter, which supports microbial activity and
improves soil structure. However, continuous organic matter addition is recommended to maintain soil fertility.

4. Micronutrients
a. Zinc (Zn)
e Value: 0.42 ppm

e Interpretation: Zinc content is below the critical level of 0.6 ppm, indicating a deficiency. Zinc deficiency
can impair crop growth and development, requiring supplementation through zinc fertilizers.

b. Copper (Cu)

e Value: 2.11 ppm

o Interpretation: Copper content exceeds the critical level of 0.2 ppm, indicating sufficiency. This
micronutrient is essential for enzyme activity in plants and poses no risk of deficiency.

c.Iron (Fe)

e Value: 32.2 ppm

o Interpretation: Iron levels are significantly higher than the critical level of 4.5 ppm. This sufficiency is
beneficial for chlorophyll synthesis, particularly in acidic soils where iron availability increases.

d. Manganese (Mn)

e Value: 25.2 ppm

o Interpretation: Manganese content is well above the critical level of 3.5 ppm, ensuring sufficient
availability for plant metabolic functions, especially in acidic soils.

e. Boron (B)

e Value: 1.1 ppm

o Interpretation: Boron content is above the critical level of 0.5 ppm, indicating adequacy. This nutrient
supports reproductive growth and cell wall development in plants.

5. Sulfur (S)

e Value: 24.52 ppm

o Interpretation: Sulfur content exceeds the critical level of 10 ppm, highlighting sufficient availability for

protein synthesis and enzyme activation. This makes the soil well-suited for sulfur-demanding crops like
oilseeds.

V. CONCLUSION

The physico-chemical analysis of soil from Gangapur, Ambikapur, in the Surguja division of Chhattisgarh,
revealed significant insights into its nutrient status and fertility potential. The following conclusions can be
drawn:

1. Electrical Conductivity (EC): The soil exhibits normal salinity levels (0.52 dS/m), indicating no risk of
salinity stress for crops.

2. pH Value: The slightly acidic pH (5.0) may influence the availability of certain nutrients, necessitating lime
application for crops requiring neutral pH.

3. Organic Carbon: The organic carbon content (0.60 kg/ha) is moderately adequate, reflecting a need for
continuous organic matter input to maintain soil fertility and enhance microbial activity.

4. Micronutrient Status:

v' Zinc (Zn): The deficiency (0.42 ppm) highlights the need for zinc supplementation to avoid growth
limitations in crops.

v Copper (Cu): Sufficient levels (2.11 ppm) ensure proper enzyme functionality and plant health.
v' Iron (Fe): High levels (32.2 ppm) indicate no risk of deficiency, particularly beneficial in acidic soils.
v/ Manganese (Mn): Adequate levels (25.2 ppm) ensure essential metabolic processes in plants.

v Boron (B): The sufficiency (1.1 ppm) supports reproductive growth and structural development.
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5. Sulfur (S): The sulfur content (24.52 ppm) exceeds the critical level, ensuring its availability for essential
functions like protein synthesis and enzyme activation.

VI. RECOMMENDATIONS

e Nutrient Management: Zinc fertilizers should be applied to address deficiencies, while balanced
fertilization can optimize crop productivity.

¢ Soil pH Adjustment: Lime application may be required to neutralize acidity for crops sensitive to low pH.

e Organic Matter Enhancement: Continuous addition of compost or green manure is recommended to
improve organic carbon levels and overall soil health.

e Sustainable Practices: Regular soil testing and site-specific nutrient management are crucial to
maintaining soil fertility and preventing nutrient imbalances.
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