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Abstract

Soil particle size analysis is a crucial test used to classify soils and predict their behavior. This review paper aims
to provide an in-depth understanding of the method for analyzing soil particles, including its principles, concepts,
particle distribution, and the relationships between them. It also discusses the importance of accuracy, precision,
and the use of reference materials in soil particle size analysis. The test of soil particle size analysis involves
determining the relative proportion by weight of different soil particles in a soil sample. This information is
essential for soil classification, as it helps to identify the composition and characteristics of the soil. By
understanding the particle size distribution, scientists and engineers can better predict the behavior of soils in
various applications, such as agriculture, geotechnical engineering, and environmental sciences. Accuracy and
precision are critical factors in soil particle size analysis. Accuracy refers to how close the measured values are to
the true values, while precision refers to the consistency and reproducibility of the measurements. Achieving both
accuracy and precision in soil particle size analysis is essential to ensuring reliable and meaningful results. It
involves using appropriate techniques, standardized procedures, and quality control measures. Reference materials
play a vital role in soil particle size analysis. These materials are used to calibrate and validate the analytical
methods, ensuring the accuracy and reliability of the results. Reference materials are typically well-characterized
soils with known particle size distributions. By comparing the results obtained from the analysis of the reference
materials with the known values, the accuracy of the analytical method can be assessed, and any necessary
adjustments can be made.

In conclusion, this review paper focuses on the method of analyzing soil particles, covering principles, concepts,
particle distribution, and the relationships between them. It emphasizes the importance of accuracy, precision, and
the use of reference materials in soil particle size analysis. By understanding the impact of soil physicochemical
parameters, this test provides valuable information for soil classification and predicting soil behavior in various
applications.
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Introduction

A coherent body with an easily distinct surface defines a particle. Particles may be made up of a single material
with uniform properties or of smaller particles bound together, each of whose properties may be very dissimilar.
To a greater or lesser extent, the particles are byproducts of the specific conditions under which soils are formed.
For the determination of soil particle size, there are currently 400 reported techniques (Barth & Sun, 1989). Soils
may contain particles from <1 m in a maximum dimension to > 1 mm, i.e., a size ratio of 1,000,000:1 or more.
For the larger particles, a basic measurement of size is the distance between the largest points on the particle,
which is visible to the human eye. Most soil scientists are interested in the percentage (often expressed as a weight
percent) of particles falling inside a certain size class, which is indicated by an upper and lower limit (e.g., 63—
212 mm). Each class of size corresponds to a grade and is typically distinguished by name, such as clay, silt, or
sand (Wentworth, 1922). Atterberg's work shows soil classification according to different soil particle sizes
(Atterberg, 1916). Bowlder: Bowlders are large, round rocks that have been worn smooth by moving water and
other forces. They are typically larger than cobbles, which are smaller, round rocks. The word "bowlder" may be
related to the English word bellow, which means to make a loud, low noise. This suggests that the word "bowlder"
may have come from the sound of rocks rolling and rumbling (Arriaga et al., 2006; Geology, 1922; Wentworth,
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1922; Yingst et al., 2016).

Cobble: Cobbles and cobblestones are both terms for small, rounded stones that are smaller than boulders and
larger than pebbles. The word comes from the German word cob, which means a rounded hump or knob. This
suggests that cobbles and cobblestones are named after their shapes.

Pebble: This term is very ancient and is used for rounded, transported rock fragments smaller than cobbles. Pebble
is from the Anglo-Saxon papol, which meant something small and round, perhaps akin to the Latin word papula,
a pustule.

Granule: Granules are rounded rock fragments larger than very coarse sand grains but smaller than pebbles. The
granule is Rounded pieces are too small compared to Pebbles are still too large to be called sand grains. Granule
word belongs to the Latin word granulum, diminutive of granum, grain, meaning a little grain, apellet. The grade
term was chosen as best adapted for this grade of material.

Silt particle: Silt particles are solid sediment particles that are smaller than very fine sand grains, but larger than
clay particles. Silt particles are typically between 0.002 and 0.05 millimeters in diameter. A variety of minerals,
such as quartz, feldspar, and mica, make up their makeup.

Clay particle: Clay particles are smaller than silt particles. The term "clay" was chosen to describe these particles
because it was thought to be the most likely to be accepted by everyone. Clay particles are individual pieces of
sediment. In other words, clay particles are the smallest type of sediment particle. They are so small that they can
only be seen under a microscope. Clay particles are made up of a variety of minerals, including aluminum, silicon,
and oxygen.

Particle size analysis techniques

Direct measurement

While soil scientists generally focus on the fraction of soil that passes through a 2 mm aperture sieve, numerous
soil classification systems categorize soils based on the amounts of particles larger than a certain size. Engineers
tasked with relocating a large amount of soil may deem its thorough grading as crucial, while sieving can be used
to size even large particles, direct on-site measurement is frequently more convenient. The largest particles can
be sized with a tape measure, and those several tens of centimeters across can be measured using wooden or light
alloy templates featuring holes of various shapes and sizes (Billi, 1984). (Caroni & Maraga, 1983) employed an
adjustable caliper linked to a tape-punch, allowing for direct data transfer to a computer in the lab; today, an
electronic caliper coupled with a data-logger could be used. (Hodgson, 1974) presented a technique for estimating
the volume of particles larger than a certain sieve size using plastic spheres. (Laxton, 1980) utilized a photographic
method to estimate the grading of boulder- and cobble-sized materials in the visible quarry working faces.
(Buchter et al., 1994) discovered a strong correlation between the quantity of extremely coarse substances in a
rendzina when measured by volume, standard particle size analysis, and thin section examination. When dealing
with particles from about 10 cm to 1 mm in size, sieving is often the only feasible option due to their abundance,
making other methods impractical. For particles between 1 mm and 20 mm, optical microscopy is the method of
choice, while electron microscopy is reserved for particles under 1 mm. The benefit of using microscopy is its
ability to consider particle shapes comprehensively. Accurate sampling and the measurement of numerous
particles are essential for obtaining statistically sound results with microscopy (Afnor, 1988; Griffiths, 1967; Kiss
& Pease, 1982).

Sieving

Sieves with openings from 125 mm down to 5 mm are offered in designs with either round or square holes,
contingent on the aperture's size. Round-hole sieves categorize material by a single dimension, while square-hole
sieves classify particles by two dimensions: both the space between two opposing sides and the diagonal
connecting corners. The combined use of round and square-hole sieves can introduce significant errors in the
creation of soil particle size distribution charts, leading many standards to now exclude round-hole sieves from
use (Tanner & Jackson, 1948). Mechanical sieve shakers are often preferred over manual sieving due to their
ability to deliver highly accurate results when operated with precision. The majority of errors are caused by worn
or damaged screens, inconsistencies in sieve loading particularly from overloading, variations in shaking duration,
improper alignment of sieves, lids, and receivers, as well as not maintaining the shaker level during operation
(Head, 1992; Metz, 1985). As the aperture size decreases to around 30 mm or less, sieving becomes more
challenging due to the rapid decline in the hole area relative to the total sieve area, as illustrated in Figure 1. Dry
sieving is not advisable for such small apertures. If sieving is necessary, the air-jet method is faster and yields
more consistent results than traditional sieving, Additionally, for finer materials prone to clumping, there are wet-
sieving devices available (Loveland & Whalley, 2000). Sieve apertures often become clogged and are typically
cleaned by brushing, but this process can harm the sieves, especially those with smaller openings, causing
stretching or breakage of the mesh. Ultrasonic baths filled with propan-2-ol can be used for cleaning sieves, but
the oscillation frequency must be carefully selected to prevent cavitation and weakening of the mesh. After each
shaking, it’s advisable to inspect sieves and their accessories for damage. Bright, shiny fragments of brass or
stainless steel, no matter how small, serve as a reliable indicator of sieve mesh failure.

Sedimentation

The most prevalent methods for determining particle size in soil science involve a combination of sieving and
sedimentation. In this context, 'sedimentation’ refers to the settling of particles within a fluid due to gravity or
centrifugal forces (Bascur, 2024; Olarte et al., 2023). The quantity of material above or below a specific size is
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assessed through various methods. These methods include extracting a portion of a suspension, drying the residue,
and measuring its weight. Alternatively, one can analyze changes in the suspension's density or opacity or observe
the sediment settling in a suitable container over a defined period. Regardless of the measurement method selected,
all assume that suspended particles conform to the Stokes equation (as originally formulated by Stokes, 2007).
(Odén, 1915) applied this equation to soil analysis. For spherical particles, the expression can be written as
follows:

1
fO0 = 5~

x2+x

where (x) represents the relevant parameter.

In their work, (Gee & Bauder, 1986) explored the fundamental pipet methodology for routine soil analysis. A
common concern is that this method becomes laborious when dealing with fractions smaller than 2 pm ESD.
(Coventry & Fett, 1979) demonstrated how pipet analysis efficiency can be significantly enhanced by paying
attention to time-saving details at each step of the process. In our Soil Survey laboratory, we have significantly
reduced analysis time by creating a programmable automatic sampling device specifically designed for extracting
silt-plus-clay and clay aliquots. In their work, (Elfaki et al., 2016) explored the fundamental pipet methodology
for routine soil analysis. A common concern is that this method becomes laborious when dealing with fractions
smaller than 2 pm ESD, how pipet analysis efficiency can be significantly enhanced by paying attention to time-
saving details at each step of the process. In our Soil Survey laboratory, we have significantly reduced analysis
time by creating a programmable automatic sampling device specifically designed for extracting silt-plus-clay
and clay aliquots.

Centrifugation

Centrifugation extends the concept of sedimentation under gravity and provides a method for quantifying the
quantities of particles with equivalent spherical diameters (ESD) less than 1 pm in suspension. These are particles
whose settling behavior under gravity is significantly influenced by Brownian motion. In their work, (Tanner &
Jackson, 1948) compiled detailed nomograms that describe the settling times of particles with various Stokes
diameters during centrifugation. In sedimentation analysis, large volumes of suspension pose challenges for
standard laboratory centrifuges. These centrifuges, with elongated cylindrical sedimentation vessels, lead to
particle-wall collisions during centrifugation. To address this, modern centrifugal analyzers employ two designs
based on the measurement zone radius and the inner surface radius (S) of the sedimenting column. In disk
centrifuges, S/R tends to zero, resulting in radial sedimentation within a hollow rotating disk. Long-arm
centrifuges, where S is large and S/R approaches 1, assume parallel sedimentation paths. Distinguishing between
the two types involves observing suspension concentration changes after startup. The upper Stokes diameter
determination, using water as a suspension medium, reaches about 7 mm ESD, extendable with more viscous
liquids. The lower limit, influenced by Brownian motion, lies between 10 and 50 nm ESD (Loveland & Whalley,
2000). Centrifugal particle size analyzers operate in two modes. First, the sedimentation vessel can be filled with
a homogeneous suspension at the beginning of analysis. Alternatively, the vessel is filled with a clear carrier
liquid, and the suspension is floated onto it. These techniques are known as the homogeneous-start and line-start
methods, respectively. It’s worth noting that pipet sampling is not recommended for use with the line-start
technique due to the typically low suspension concentration (Mitchell, 2000). In the context of pipet-sampling
centrifuges, which utilize disk centrifuges with the homogeneous-start technique, the decrease in suspension
concentration at the sampling point can be attributed to the sedimentation of different size fractions. Additionally,
the diverging radial sedimentation paths of particles contribute to further dilution.

The centrifugal x-ray and photosedimentation methods continuously monitor the sedimenting suspension by
measuring radiation transmission (either visible or x-ray) within a precisely defined measurement zone. A
centrifugal disk x-ray particle size analyzer operates on principles quite similar to those of gravitational x-ray
sedimentation. However, because a homogeneous start is employed with a disk centrifuge, data analysis must
adhere to the theory outlined by (Svarovsky & Svarovska, 1975) to account for the radial dilution effect. The
electrical sensing zone (ESZ) method is commonly referred to as the Coulter principle, named after its discoverer.
Commercially available instruments, although not exclusively produced by the Beckman-Coulter Corporation,
are generally known as Coulter counters. Coulter’s discovery revolves around measuring the resistance between
two electrodes submerged in an electrolyte. These electrodes are separated by an aperture with a known size and
corresponding electrical characteristics. As particles pass through this aperture, the resistance changes
proportionally to their volume. These resistance variations can be scaled and counted at a rapid rate, often reaching
several thousand per second. In the Electrical Sensing Zone (ESZ) method, a precisely measured volume of
suspension is drawn through an aperture using automatic manometer operation. As each particle passes through
the aperture, the change in resistance between the electrodes generates a voltage pulse. This pulse is then scaled,
amplified, and electronically assigned to a specific size class or channel. Depending on the aperture range, there
can be up to 256 such channels. Leveraging microprocessors, the instrument output can be directly expressed as
‘percent oversize’ or as a cumulative distribution curve. However, it’s crucial to recognize that the output
represents a numerical size distribution, from which the total particle volume (with certain assumptions) is inferred
based on the size class itself. The mathematical conversion to a weight basis was explored by (Batch, 1964).

Standard method for soil classification
Soil classification involves grouping soils based on specific characteristics, including particle size, mineralogy,
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moisture content, and other relevant properties. Globally, various standard methods and systems are used for soil
Classification (Table 1). These include the United States Department of Agriculture (USDA) methods,
international soil science standards (ISSS), American Society for Testing and Materials (ASTM) guidelines, the
Unified Soil Classification System (USCS), the International Soil Classification System for Naming Soils and
Materials (ISCS), the AASHTO Soil Classification System, British Standard Classification (BS 5930), Australian
Soil Classification (ASC), and the Canadian System of Soil Classification (CSSC).

Table 1 Different type Soil Classification systems

USDA CSSC ASTM ISSS
<0.0002 mm Fine clay 0.0002
0.0002 . .
mm Fine silt and
0.0002 mm
nm Clay Clay clay
0.0002
mm Coarse clay
0.002 . 0.002 . .
mm Silt mm Fine silt 0.002
0.04 mm Silt 0.08 Fine sand
0.005 . . mm
mm Medium silt
Very fine mm
sand
0.1 0.02 . 0.02 04
mm mm Coarse silt mm mm
Fine sand Fine sand Medium sand
0.3 Medium 0.05 Very fine sand
mm sand mm
0.6 0.1 0.25 -
’ Fine sand mm mm Coarse sand
mm Coarse sand mm Coarse sand
0.3
! Vary coarse mm 5.0mm
mm Y Medium sand )
sand
Fine gravel
r112m 0.6
Fine gravel mm Coarse sand
>0.2
Gravel
10 mm 20mm
mm 1.0 Coarse Gravel
Coarse mm Vary coarse sand
Gravel
2.0 | >80mm
>80 mm mm Grave
20 Cobbles
Cobbles Cobbles
mm

United States Department of Agriculture (USDA)

The USDA soil classification system, also known as the USDA soil taxonomy, is a hierarchical system used to
classify soils in the United States and several other countries. It was developed by the United States Department
of Agriculture (USDA) and is widely used for soil characterization and mapping (Table 1). The system categorizes
soils based on various soil properties, including soil horizons, composition, texture, color, structure, and other
characteristics (Moreno-Maroto & Alonso-Azcarate, 2022).

Canada Soil Survey Committee (CSSC)

The CSSC categorizes soils into different classes based on their properties (Wang et al., 1978). The CSSC
categorizes soils into different classes based on their properties, composition, and formation processes. These
classifications are valuable for understanding the characteristics and behavior of soils, which is crucial for various

fields, including agriculture, engineering, land use planning, and environmental applications studies (McKeague
& Stobbe, 1978; Wang et al., 1978).
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American Society for Testing & Materials (ASTM)

The ASTM soil classification system (Table 1), established by the American Society for Testing and Materials
(ASTM) and now known as ASTM International, is widely used to classify soils for engineering and construction
purposes in the United States. This system is primarily based on the particle size distribution and engineering
properties of soils (Gee & Bauder, 1986).

International Society of Soil Science (ISSS)

The ISSS soil classification system allows for precise and systematic categorization of soils, facilitating
communication and understanding among soil scientists, agronomists, environmentalists, and others involved in
soil-related studies and applications (Yong & Warkentin, 1966). application is useful for geological engineers
for soil surveys as well as agriculturists who are interested in soil types. The crop yield prediction application can
be used directly by agro-industries to give valuable information to farmers who may be illiterate and not be able
to use the software directly (Barman & Choudhury, 2020).

Model for estimation soil particle size distribution

The Particle size distribution in soil is frequently assumed to be approximately lognormal (Buchan, 1989;
Campbell, 1985; Shirazi & Boersma, 1984), although soils with bimodal PSDs also occur (Walker &
Chittleborough, 1986). (Buchan et al., 1993) compared five different lognormal models for experimental PSD
data. Each of the five models accounted for >90% of the variance in the PSD of most of the soils examined, with
the bimodal lognormal model proposed by (Shiozawa & Campbell, 1991) providing the best fit (Hwang et al.,
1989). In this model soil particle distribution is the basic assumption of lognormality of soil particle is depending
on basis of geometric mean size diameter and geometric standard deviation as mean size (Buchan, 1989). (Hwang
et al., 2002) paper shows they use a parametric model for soil particle distribution. There are two basic approaches
for representing the PSD parametric models of the full distribution. The first category for particle size distribution
is the parametric model, which provides complete information about the soil particle distribution. For collecting
complete information about soil particles, here are seven parametric models tested, including six that are unimodal
and one that is bimodal. Jay is a one-parametric model (Esmaeelnejad et al., 2016), and a simple lognormal (SL)
is a two-parametric model (Buchan, 1989). Brahman and Dev paper shows using the soil image using a liner
kernel viaa support vector machine classifier. This provides a variance 0f91.37 percent accuracy of the soil
sample and gets the best result.

=l BN
Soil data Crop data Weather data  fertilizer data
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Figure. 1 Cloud-Based Agricultural Framework



1515  Gaurang Chudasama et al.

Above fig.1 shows Cloud-Based Agricultural Framework (Fig. 1) (Shastry & Sanjay, 2019). In the first phase,
Amazon S3 was used to store the soil data, crop data, weather data, and fertilizer data in the form of buckets. Soil
samples containing data about pH, EC, OC, AvP, AvB, AvVP, sand, silt, and clay were collected from NBSS
(National Bureau of Soil Survey and Land Use Planning (NBSS&LUP), 2023) and ICRISAT (Wani, Anantha, et
al., 2011; Wani, Sahrawat, et al., 2011). And then proceed farther more. This result is close to the United States
Department of Agriculture soil classification system; they provide the best results in sand and silty clay, but they
need a little more accuracy for fine loamy sand and loamy sand (Barman & Choudhury, 2020). Shastry and Sanjay
indicate the contribution of the cloud-based agricultural framework for soil classification based on hybrid support
vector machines (M-SVM), and for wheat yield prediction, a customized artificial neural network (M-ANN) was
developed. The paper suggested the development of mobile agricultural apps and functionalities for future soil
classification, (Aditya Shastry & Sanjay, 2019) and here they build soil classification and crop yield prediction
systems in a cloud environment for providing soil classification and crop yield prediction. They make an open-
source platform called Heroku Cloud Platform for deploying cloud applications. And this work is done using
MATLAB. The soil classification application is useful for geological engineers for soil surveys as well as
agriculturists who are interested in soil types. The crop yield prediction application can be used directly by agro-
industries to give valuable information to farmers who may be illiterate and not be able to use the software directly
(Barman & Choudhury, 2020).

Kumar and Dutta demonstrated the mobile application developed for soil classification in this paper. The results
show that the mobile app is useful for correctly classifying a large number of soils, making graphs, tables, and
flowcharts manually, and solving erroneous soil classification errors. Further improvement in the mobile app
development can be made for the missing input properties affecting the soil classification (Dutta et al., 2019).
Augusto, Morais, and Souza worked together, and her paper highlighted that the prediction of soil texture could
be made by using image analysis. The computer vision approach adopted for the recognition of soil textures based
on soil images matched 100% of the classification predicted according to the standard method. The new way is
low-cost, environment-friendly, non-destructive, and faster than the standard method. As a consequence, it opens
up the possibility of employing a cell phone for image acquisition and instant recording of information on the
field (de Oliveira Morais et al., 2019; Moreno-Maroto & Alonso-Azcarate, 2022). Analytical methodology for
soil classification is based on the use of laser-induced breakdown spectroscopy (LIBS) and geometric techniques.
Soil classification is based on the use of LIBS data and chemometrics methods. The methodology was validated
in a case study involving three Brazilian soil types (Argissolo, Latossolo, and Nitossolo). Better discrimination of
the soil types was attained by employing a subset of selected spectral variables for LDA, as compared to the use
of full-spectrum SIMCA modeling. More specifically, the best results were obtained with SPA-LDA, which
achieved an average classification rate of 90% in the validation set and 72% in cross-validation. Future works
could investigate the combination of LIBS with other techniques, such as VIS-NIR spectroscopy, for the purpose
of improving the classification outcome (Pontes et al., 2009).

Effect of particle size on soil physical and chemical properties

Impact on OC (Organic Carbon)

Larger surface area: Clay and silt particles, being finer, have a much larger surface area compared to sand. This
allows them to adsorb and hold onto organic matter more effectively (Ahogle et al., 2022; Bi et al., 2023; Zhang
et al., 2022). Protection from decomposition: Organic material trapped within these small pores is shielded from
decomposers like microbes and fungi. This slows down the breakdown of organic matter, leading to a buildup of
OC over time (Ahogle et al., 2022; Bi et al., 2023). Clay-OC association: Clay particles have a negative charge
that attracts positively charged components of organic matter. This strong bond creates more stable forms of OC
that decompose much slower (Ahogle et al., 2022; Bi et al., 2023).

Size and decomposition rate: Generally, OC associated with finer particles decomposes slower compared to OC
associated with larger particles. This is because of the physical protection offered by the small pores and the
strongest chemical bonds with clay (Ahogle et al., 2022; Zhang et al., 2022). Soils with a higher proportion of
clay and silt particles tend to have a greater capacity to store organic carbon. These finer particles provide a larger
surface area and physical protection for organic matter, promoting its accumulation and persistence in the soil.
Land management practices like no-till farming and cover cropping can help increase organic matter content in
soil, especially in the finer fractions (Ahogle et al., 2022). The relationship between particle size and OC can vary
depending on factors like soil type, climate, and vegetation cover (Bi et al., 2023).

Impact on OM (Organic matter)

Clay-OM Bond: Clay particles have a negative charge that attracts positively charged components of organic
matter. This strong bond creates more stable forms of organic matter that decompose at a much slower rate
(Ahogle et al., 2022; Zhang et al., 2022).

Size Dictates Decomposition Rate: Generally, organic matter associated with finer particles decomposes slower
compared to its counterpart associated with larger particles. This is primarily due to the physical protection offered
by the small pores and the strongest chemical bonds with clay minerals (Bi et al., 2023; Zhang et al., 2022).
Impact of MC (Moisture Content) and WHC (Water Holding Capacity)

Soil particle size plays a significant role in both the moisture content and water holding capacity (WHC) of soil.



1516  Gaurang Chudasama et al.

Soils with a higher proportion of clay and silt particles tend to have a higher moisture content and WHC. These
finer particles provide more space for water to reside and create a stronger attraction to hold water molecules,
allowing the soil to store more usable water for plants. Fine Particles, High Moisture Retention Clay and silt
particles, due to their smaller size, have a much larger total pore space compared to sand. This allows them to
hold more water molecules within these pores, leading to a higher overall moisture content. Stronger Hold Clay
and silt particles, with their larger surface area, have more sites for water adsorption. This translates to a higher
WHC, meaning the soil can retain more water against the pull of gravity (Mile & Mitkova, 2012; Zhang et al.,
2022). While finer particles offer more total pore space, the size distribution of pores also matters. Large pores
allow for faster drainage, while smaller pores hold water more tightly. A healthy soil has a mix of pore sizes for
optimal water availability to plants. Organic matter also plays a role in WHC. It can act like a sponge, further
increasing the capacity of the soil to hold water (Zhang et al., 2022).

Impact of agriculture on Soil Fertility

Conservation Agriculture CA aims to restore and maintain soil functions, including carbon cycling, nutrient
dynamics, and structure maintenance. It shows commendable performance in crop yield, economic returns,
greenhouse gas mitigation, biodiversity conservation, and overall soil health improvement. Traditional
agricultural practices often compromise soil health, and soil degradation risks are common. CA emerges as an
alternative to conventional management, providing essential ecosystem services through the soil for long-term
sustainability (Caron et al., 2014). The impact of CA systems on soil health varies by location, influenced by soil
and climatic conditions, the duration of CA operation, CA practices (cover crop types, crop rotation intensity),
and the farmers' training and experience (Hermans et al., 2021a; Indoria et al., 2017; Kassam et al., 2014).

Soil Health Indicators

Soil health is crucial for sustainable agricultural management, but it's a complex concept that cannot be directly
measured in the field or laboratory, but can be indirectly inferred through soil indicators (Mukherjee & Lal, 2014),
and the indicators are measurable soil parameters that influence soil function and ecosystem (Cherubin et al.,
2016). Soil health indicators can be physical, chemical, or biological (Table 2), but they are not always clearly
defined due to multiple processes. No single indicator can cover all soil health processes or parameters, so a
minimum dataset is necessary to represent total, data and minimize costs and efforts in soil health assessment.
This dataset should include physical, chemical, and biological parameters to ensure accurate and comprehensive
assessments (Lehmann et al., 2020).

Table 2 Type of indicators they influence soil fertility

Type of indicators Influence
Biological
N mineralization Capacity of the soil to supply N for crop growth

Microbial biomass

Source of C and nutrients

Microbial activity

Availability of nutrients and biogeochemical cycles

Soil respiration

Indicator for biological activity and organic matter

Chemical

Organic carbon

Important for soil structure and fertility, and WHC (water holding
capacity)

Bio-available nutrient

Potential of nutrients to support plant development availability of
nutrients

pH Availability of nutrients
CEC Soil’s availability to supply plant nutrients
EC Related to soil structure, infiltration and crop development

Potential pollutants

Potentially harmful for plant growth and soil health

Physical

Penetration resistance

Related to infiltration capacity and erosion and runoff processes

Aggregation

Indicator of soil structure and erosion protection

Infiltration

Indicator for erosion and runoff

Depth to hardpan

Roots growth potential
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Texture Important for soil water and nutrient transfer and retention

Water-holding capacity Sufficient moisture to support plant growth

*CEC (Cation exchange capacity), EC (Electrical conductivity). Compiled by authors from different sources
(Carceles Rodriguez et al., 2022; Cardoso et al., 2013; Hermans et al., 2021; Lehmann et al., 2020).

Table 2 shows a dataset for soil health assessment consists of commonly used indicators that are easy to measure,
measure with practical, rapid, and inexpensive methods, sensitive to manage variations, relevant to soil ecosystem
functions, and informative for management (Doran & Zeiss, 2000; Rinot et al., 2019).

Conclusion

Soil particle size analysis emerges as a cornerstone technique for deciphering soil composition and behavior. This
analysis reveals the fundamental building blocks of soil, influencing its characteristics and performance across
diverse applications. Accurate and precise measurements are paramount, achievable through established
techniques and the use of reliable reference materials. Soil particle size analysis goes beyond simply determining
particle dimensions. By understanding how particle size distribution impacts various soil properties, this method
empowers informed decision-making in numerous fields. In agriculture, knowledge of soil particle size is essential
for optimizing crop yields and implementing sustainable land management practices. Similarly, engineers
leverage this information to design robust and effective structures. Environmental scientists utilize it to assess soil
health and predict its impact on broader ecological processes. In conclusion, soil particle size analysis serves as a
powerful tool, unlocking a deeper understanding of soils and empowering informed practices in agriculture,
engineering, environmental science, and beyond.

Beyond Measurement: Unveiling Soil-Property Relationships Soil particle size analysis goes beyond mere particle
dimension measurement. It delves into the impact of particle size distribution on various soil properties, including
water holding capacity, nutrient retention, and aeration. These relationships provide invaluable knowledge for
scientists and practitioners in diverse fields such as agriculture, engineering, and environmental science,
empowering informed decision-making for sustainable soil management and environmental protection.
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