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ABSTRACT:

The present study aims to assess the physico-chemical properties of soil in the Mahuapara
region of Ambikapur, Surguja district (Chhattisgarh), in order to evaluate its fertility status
and suitability for agricultural use. Soil is a vital natural resource that directly influences crop
productivity, and its quality is determined by various physical and chemical characteristics. In
this study, soil samples were collected from different representative locations of Mahuapara
at a standard depth and analyzed using established laboratory methods. The physico-chemical
parameters analyzed include soil pH, electrical conductivity (EC), organic carbon content,
texture (sand, silt, and clay), bulk density, particle density, porosity, water holding capacity
(WHC), and essential nutrients such as nitrogen (N), phosphorus (P), potassium (K), and
micronutrients like zinc (Zn), iron (Fe), manganese (Mn), and copper (Cu). The results
indicate that the soil in the study area is generally slightly acidic to neutral in nature, which is
favorable for most crops. Electrical conductivity values were within safe limits, indicating
non-saline soil conditions. The organic carbon content ranged from low to moderate,
suggesting the need for organic matter enrichment to improve soil fertility. The textural
analysis revealed variations from sandy loam to clay loam soils, affecting water retention and
nutrient availability. Nutrient analysis showed that while some essential nutrients were
present in adequate amounts, certain micronutrients exhibited deficiencies in specific

locations.
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INTRODUCTION:

Soil is a fundamental natural resource that plays a crucial role in sustaining life on Earth by
supporting plant growth, regulating water flow, and maintaining ecological balance. The
productivity and sustainability of agricultural systems largely depend on the quality of soil,
which is determined by its physical and chemical characteristics. Physico-chemical properties
such as soil pH, electrical conductivity (EC), texture, bulk density, porosity, water holding
capacity, and nutrient content directly influence soil fertility, crop yield, and environmental
health.

In recent years, increasing population pressure, intensive agricultural practices, and the
excessive use of chemical fertilizers and pesticides have significantly affected soil quality.
These factors can lead to nutrient imbalance, soil degradation, and reduced agricultural
productivity. Therefore, the systematic assessment of soil properties has become essential for
sustainable land management and optimal crop production. The analysis of physico-chemical
properties provides valuable information about soil behavior, nutrient availability, and its
suitability for different crops. Soil pH influences nutrient solubility and microbial activity,
while electrical conductivity indicates the presence of soluble salts. Soil texture (proportions
of sand, silt, and clay) affects water retention, aeration, and root penetration. Similarly,
parameters like organic carbon and essential nutrients such as nitrogen (N), phosphorus (P),
potassium (K), and micronutrients (Zn, Fe, Mn, Cu) are critical for plant growth and
development. Mahuapara, located in Ambikapur of Surguja district, Chhattisgarh, is an
agriculturally important region where soil quality directly impacts the livelihood of local
farmers. Despite its significance, limited scientific studies have been conducted to evaluate
the detailed physico-chemical properties of soils in this area. Understanding these properties
is necessary to identify soil fertility status, detect nutrient deficiencies, and recommend

appropriate soil management practices.

LITERATURE REVIEW:

Soil physico-chemical properties are fundamental indicators of soil fertility and play a vital
role in determining agricultural productivity and environmental sustainability (Brady & Weil,
2016). These properties, including soil pH, electrical conductivity (EC), texture, and organic

carbon, significantly influence nutrient availability and plant growth (Havlin et al., 2014).
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Soil pH is considered one of the most important parameters, as it controls the solubility of
nutrients and microbial activity in soil systems (McLean, 1982). Electrical conductivity
reflects the concentration of soluble salts in soil and is a key factor affecting plant growth and
soil salinity status (Richards, 1954). Organic carbon is essential for maintaining soil structure,
improving water holding capacity, and enhancing microbial processes (Walkley & Black,
1934).

Several studies conducted in different regions of India have reported variations in soil
physico-chemical properties due to differences in land use and management practices (Singh
et al., 2017). For example, soils in agricultural regions often show nutrient depletion due to
continuous cropping and excessive use of chemical fertilizers (Kumar et al., 2018). In
contrast, soils under forest or vegetation cover generally exhibit higher organic carbon
content and better nutrient status (Sharma et al., 2019).

Research conducted on soil fertility in central India has indicated that most soils are slightly
acidic to neutral in nature, which is suitable for a wide range of crops (Patel et al., 2015).
However, deficiencies in essential nutrients such as nitrogen, phosphorus, and micronutrients
like zinc and iron have been reported in several studies, affecting crop productivity (Verma et
al., 2020).

The role of micronutrients such as zinc (Zn), iron (Fe), manganese (Mn), and copper (Cu) is
also critical for plant growth, as they are involved in various enzymatic and metabolic
processes (Alloway, 2008). Deficiency or excess of these micronutrients can lead to reduced
crop yield and soil degradation (Gupta, 2004).

Recent studies have emphasized the importance of sustainable soil management practices,
including the use of organic fertilizers, crop rotation, and conservation agriculture, in
improving soil physico-chemical properties (Lal, 2015). These practices help in maintaining
soil health, enhancing nutrient cycling, and reducing environmental degradation (FAO,
2017).

Despite extensive research on soil properties in different regions, there is limited scientific
data available for the Mahuapara region of Ambikapur, Surguja district (Chhattisgarh).
Therefore, a detailed study on the physico-chemical properties of soil in this area is essential
to assess soil fertility status and to recommend appropriate management practices for

sustainable agriculture (Indian Council of Agricultural Research [ICAR], 2012).
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MATERIALS AND METHODS:

Soil Sampling:

Soil samples were collected by following standardized and widely accepted sampling
procedures to ensure accuracy and reliability. The samples were taken from a depth of 15-30
cm using a soil auger, which represents the active root zone of most crops. After collection,
the samples were air-dried under room temperature to remove moisture. The dried samples
were then gently crushed and passed through a 2 mm sieve to eliminate stones, roots, and
other unwanted materials. To obtain a representative sample, the sieved soil was thoroughly
mixed and subjected to the quartering method. One portion was further processed by passing
it through a 0.5 mm sieve, and again quartered. Finally, a fine fraction was obtained by
sieving one part through a 0.02 mm sieve for precise laboratory analysis.

Materials Used:

The analysis was carried out using standard laboratory instruments and chemicals. These
included a digital pH meter for measuring acidity or alkalinity, an electrical conductivity
meter for salinity analysis, an analytical weighing balance for accurate measurement of
samples, and an oven for drying purposes. Various glassware such as beakers, flasks, and
pipettes were used along with specific chemical reagents required for determining different
soil nutrients.

Analytical Methods:

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

Data Analysis:

The results obtained from laboratory analysis were carefully recorded and interpreted to
evaluate the physico-chemical properties and fertility status of the soil samples. The

observations derived from these analyses are presented as follows.
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Table 1: Physico-chemical properties of soil sample taken from Shardapur village.

[ Ph.

[ 7.6

| EC in dS/m | Sulphur(S) in ppm | Zink (Z) in ppm | Boron (B) in ppm | Iron (Fe) in ppm | M (Mn) in ppm | Copper (Cu) in ppm |
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Graph: 1: All Physico-chemical properties of soil sample.

RESULTS AND DISCUSSION:

The analyzed soil sample shows a pH value of 7.6, indicating slightly alkaline soil conditions,
which are generally suitable for most crops but may reduce the availability of certain
micronutrients such as iron and zinc at higher levels (Brady & Weil, 2016). The electrical
conductivity (EC) value of 0.18 dS/m indicates that the soil is non-saline and does not pose
any salinity hazard to plant growth (Richards, 1954).

The sulphur (S) content of 21.6 ppm falls within the adequate range for plant growth,
suggesting sufficient availability for protein synthesis and enzymatic activities in crops
(Tandon, 1995). Zinc (Zn) concentration of 0.72 ppm is considered marginal to adequate,
indicating that while deficiency is not severe, continuous cropping may lead to zinc depletion
over time (Alloway, 2008).

The boron (B) content of 0.9 ppm is within the optimal range for most crops, playing a
crucial role in cell wall formation and reproductive growth (Gupta, 2004). Iron (Fe) content
of 24.9 ppm is adequate for plant requirements; however, its availability may be affected by
the slightly alkaline pH of the soil (Lindsay & Norvell, 1978).

Manganese (Mn) concentration of 18.4 ppm is sufficient and supports various physiological
processes such as photosynthesis and enzyme activation in plants (Marschner, 2012). Copper
(Cu) content of 1.04 ppm is also within the adequate range, indicating no deficiency or

toxicity issues for plant growth (Kabata-Pendias, 2011).
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CONCLUSION:

The analyzed soil sample with a pH of 7.6 indicates slightly alkaline conditions, which are
generally favorable for crop production but may influence the availability of certain
micronutrients (Brady & Weil, 2016). The electrical conductivity value of 0.18 dS/m
confirms that the soil is non-saline and suitable for agricultural use without any salinity-
related constraints (Richards, 1954). The sulphur content (21.6 ppm) is within the adequate
range, ensuring proper plant growth and metabolic activities (Tandon, 1995). The zinc
concentration (0.72 ppm) is marginally sufficient, suggesting that continuous cultivation may
require zinc supplementation to avoid deficiency in the future (Alloway, 2008). The boron
level (0.9 ppm) is optimal for plant development, particularly in reproductive processes and
cell formation (Gupta, 2004). Iron content (24.9 ppm) is adequate; however, its
bioavailability may be slightly reduced due to the alkaline nature of the soil (Lindsay &
Norvell, 1978). Manganese (18.4 ppm) and copper (1.04 ppm) concentrations are within the
sufficient range, supporting various enzymatic and physiological functions in plants
(Marschner, 2012). Overall, the soil exhibits good physico-chemical characteristics with
adequate micronutrient status, making it suitable for agricultural practices (Havlin et al.,
2014). However, to maintain long-term soil fertility and productivity, the application of
organic matter and balanced fertilization is recommended, particularly to improve

micronutrient availability under slightly alkaline conditions (Lal, 2015).
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