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ABSTRACT

Soil is a vital natural resource that supports terrestrial ecosystems and regulates
environmental processes such as nutrient cycling, water movement, and pollutant retention
(Brady & Weil, 2016). The physico-chemical properties of soil determine its structure,
fertility, and environmental quality (Hillel, 2004). Accurate evaluation of soil properties
requires systematic sampling and reliable analytical techniques in both field and laboratory
conditions (Sparks, 1996). Various methods are used to determine physical properties such as
soil texture, bulk density, particle density, porosity, and water holding capacity, as well as
chemical parameters including pH, electrical conductivity, organic carbon, and nutrient
availability (Piper, 2002). Standard analytical procedures such as hydrometer analysis,
pycnometer method, pH meter measurement, and Walkley—Black oxidation are widely used
for soil evaluation . This review paper discusses the major techniques used for determining
soil physico-chemical properties and highlights their importance in environmental monitoring

and soil quality assessment.

KEYWORDS: Soil characterization, Soil physico-chemical properties, Soil sampling

techniques, Electrical conductivity (EC), Soil nutrient analysis, Environmental soil quality.
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1. INTRODUCTION

Soil is a complex natural system composed of mineral particles, organic matter, water, air,
and living organisms that interact to regulate environmental processes (Brady & Weil, 2016).
The physico-chemical characteristics of soil play an essential role in determining soil
productivity, nutrient availability, and ecological stability (Hillel, 2004). Soil properties such
as texture, density, porosity, and chemical composition influence water retention, microbial
activity, and plant growth (Sparks, 1996). Understanding soil physico-chemical properties is
essential for environmental studies, land management, and ecosystem conservation (Piper,
2002). Scientists use a variety of analytical methods to determine these properties in order to
evaluate soil quality and environmental conditions (Jackson, 1973). These methods include
laboratory experiments, field measurements, and instrumental techniques designed to
measure both physical and chemical characteristics of soil (Sparks, 1996).

Standard procedures for soil analysis have been developed to ensure accuracy, reliability, and
comparability of results obtained from different laboratories and research studies (Piper,
2002). Proper soil sampling, sample preparation, and laboratory analysis are essential steps
for obtaining accurate results in soil research (Jackson, 1973).

2. Soil Sampling and Sample Preparation

Soil sampling is the first and most important step in the analysis of soil properties because
accurate laboratory results depend on the representativeness of the collected samples
(Jackson, 1973). Soil samples are usually collected from different depths and locations within
a study area using tools such as augers, corers, or spades (Piper, 2002). Sampling techniques
such as random sampling, systematic sampling, and grid sampling are commonly used to
obtain representative soil samples for analysis (Sparks, 1996). After collection, soil samples
are air-dried, crushed gently, and passed through a sieve to remove stones, roots, and plant
debris before laboratory testing (Piper, 2002). Proper preparation of soil samples ensures
uniformity and improves the accuracy of physico-chemical analysis by eliminating external
contaminants and large particles that may influence the results (Jackson, 1973). Standard soil
testing laboratories follow strict protocols for drying, grinding, and storing soil samples to

maintain consistency in analytical procedures (Sparks, 1996).
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3. Methods for Determining Physical Properties of Soil

3.1 Soil Texture Analysis

Soil texture refers to the relative proportion of sand, silt, and clay particles present in soil
(Hillel, 2004). Soil texture influences water retention, permeability, aeration, and nutrient
availability within the soil system (Brady & Weil, 2016). One of the most widely used
techniques for determining soil texture is the hydrometer method, which measures the rate at
which soil particles settle in a suspension according to their size and density . The method is
based on the principle that larger particles settle faster than smaller particles in water due to
gravitational forces. Another technique used for particle size analysis is the international
pipette method, which measures the concentration of suspended particles at specific depths
and times during sedimentation . Sieve analysis is also used for separating coarse soil

particles into different size fractions for texture determination.

3.2 Bulk Density Determination

Bulk density is defined as the mass of dry soil per unit volume, including the pore spaces
present in the soil structure (Brady & Weil, 2016). Bulk density is an important parameter for
evaluating soil compaction, root penetration, and water movement within soil profiles
(Sparks, 1996).

The core sampler method is the most widely used technique for determining soil bulk density
because it allows direct measurement of soil volume and dry mass . In this method, a
cylindrical metal core is inserted into the soil, and the collected sample is dried in an oven
and weighed.

Other methods for determining bulk density include the clod method and excavation method,

which are used when soil samples cannot be collected using core samplers .

3.3 Particle Density Measurement

Particle density refers to the density of soil solids excluding pore spaces and is mainly
determined by the mineral composition of soil (Piper, 2002). Particle density is usually
measured using the pycnometer method, which determines the volume of soil particles
displaced by water .

The particle density of most mineral soils ranges between 2.6 and 2.7 g/cm? due to the
presence of quartz and silicate minerals (Brady & Weil, 2016). Determination of particle

density is essential for calculating soil porosity and evaluating soil structure.
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3.4 Soil Porosity

Soil porosity represents the percentage of pore space within soil and influences aeration,
water infiltration, and root growth (Hillel, 2004). Porosity is usually calculated using bulk
density and particle density values obtained from laboratory measurements. Higher porosity
improves soil aeration and water movement, while low porosity indicates compacted soil

conditions that may restrict plant growth and microbial activity (Brady & Weil, 2016).

3.5 Water Holding Capacity

Water holding capacity is the ability of soil to retain water against gravitational forces and
supply moisture to plants (Hillel, 2004). This property depends on soil texture, organic matter
content, and pore structure (Brady & Weil, 2016). The Keen-Raczkowski brass cup method is
commonly used to determine the maximum water holding capacity of soil samples . In this
method, soil is saturated with water and allowed to drain under controlled conditions to

determine the amount of water retained in the soil.

4. Methods for Determining Chemical Properties of Soil

4.1 Soil pH Measurement

Soil pH indicates the acidity or alkalinity of soil and affects nutrient availability, microbial
activity, and chemical reactions in soil systems (Sparks, 1996). The potentiometric method
using a glass electrode pH meter is widely used for soil pH measurement in soil-water
suspensions such as 1:1 or 1:2.5 ratios . Soil pH plays a significant role in determining the

solubility and availability of nutrients in soil environments.

4.2 Electrical Conductivity (EC)

Electrical conductivity measures the concentration of soluble salts present in soil solution and
is an indicator of soil salinity (Sparks, 1996). The conductometric method using an EC meter
is used to determine soil electrical conductivity in soil-water extracts . High EC values

indicate saline conditions that may affect plant growth and soil health.

4.3 Soil Organic Carbon
Soil organic carbon is an important parameter for evaluating soil fertility and biological
activity (Brady & Weil, 2016). The Walkley—Black wet oxidation method is widely used for

determining organic carbon content in soil samples through chemical oxidation of organic
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matter . Organic carbon improves soil structure, increases water retention capacity, and

supports microbial activity.

4.4 Nitrogen Determination

Nitrogen is a major nutrient required for plant growth and soil fertility (Sparks, 1996). The
Kjeldahl digestion method is commonly used to determine total nitrogen in soil samples by
converting organic nitrogen into ammonium through acid digestion . This method is widely

used in soil chemistry and environmental research.

4.5 Phosphorus and Potassium Determination

Phosphorus and potassium are essential nutrients that influence plant growth and soil
productivity (Brady & Weil, 2016). The Olsen extraction method is commonly used for
determining available phosphorus in soil, while potassium is measured using flame
photometry after ammonium acetate extraction . These methods provide reliable information

about soil nutrient status.

4.6 Cation Exchange Capacity (CEC)

Cation exchange capacity represents the ability of soil to retain and exchange positively
charged ions such as calcium, magnesium, potassium, and ammonium (Hillel, 2004). CEC is
commonly determined using ammonium acetate extraction methods followed by chemical
analysis of exchanged cations . High CEC values indicate greater nutrient retention capacity

and improved soil fertility.

5. Modern and Advanced Techniques in Soil Analysis

Recent advances in soil science have introduced modern analytical techniques such as
spectroscopy, remote sensing, and machine learning for rapid soil analysis (Sparks, 1996).
Spectroscopic methods such as X-ray fluorescence and visible-near infrared spectroscopy are
increasingly used for rapid determination of soil chemical properties including organic
matter, nutrients, and mineral composition (Santana et al., 2020).

Machine learning techniques are also being used to predict soil properties using large datasets
and spectral information, allowing rapid and cost-effective soil analysis (Kumar et al., 2025).
Field-based geotechnical methods such as the cone penetration test are used to determine soil

stratigraphy and geotechnical characteristics by pushing an instrumented cone into the ground
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at a controlled rate . These modern methods improve the efficiency and accuracy of soil

property evaluation.

6. CONCLUSION

Determination of soil physico-chemical properties is essential for understanding soil quality,
environmental sustainability, and ecosystem functioning. Various traditional and modern
analytical methods are used to measure soil parameters such as texture, density, porosity, pH,
electrical conductivity, organic carbon, and nutrient content. Standard laboratory techniques
such as hydrometer analysis, pycnometer method, Walkley-Black oxidation, and Kjeldahl
digestion remain widely used in soil science research. Modern techniques including
spectroscopy, remote sensing, and machine learning are improving the efficiency and
accuracy of soil analysis. Continuous development of analytical techniques will enhance soil

monitoring, environmental management, and sustainable land use practices.
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