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Abstract- Soil science developed more than a century ago, from 

agro-chemistry and agro-geology and is still seen by a broad 

public as a supporting science for biomass production, especially 

in agriculture and forestry. Soil is delivering goods and services 

to humans and the environment, such as biomass for food, fodder 

and renewable energy, filtering, buffering and transformation for 

clean ground water and clean air, besides carbon sequestration 

and the maintenance of a large variety of organisms, 

guaranteeing biodiversity. Here in this paper I will be describing 

the basic soil properties and understand the relationships between 

properties. 
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I. INTRODUCATION 

The study of soil will endure as long as long as the 

soil and the civilizations that depend on the soil endure. 

Bigger questions may well be, will soil science as a 

recognized branch of natural science be still around, and will 

soil scientists as we know them today be doing those 

studies? The role and status of soil science as a discipline is 

currently a substantial consideration.  Perhaps soil science is 

constrained by its own history and heritage. If soil science 

has parents, they are most probably chemistry and geology. 

Early successes were in mineralogy, weathering, soil 

formation, soil classification, soil chemistry and fertility.  

Subjects that require knowledge of soils in various 

environmental sciences and tasks are being addressed by 

other than soil scientists.  

Soil scientists are asked increasingly for input into 

real problems, putting science to work in developing policy 

and regulation. Nutrient management and land reclamation 

are good examples of the past few decades.  Soil science, 

however, too often regards the soil as an entity in itself, 

rather than as a part of ecosystems that provide services to 

mankind, such as the water cycle and nutrient cycle, not to 

mention the vegetation.  

Global change and more specifically responding to 

national programs related to the Kyoto protocol are present 

challenges. Policy makers require best possible estimates of 

greenhouse gas emissions and carbon sequestration, scaled 

up with soil survey maps and data. Estimates are needed, 

even when the science may not be done to our level of 

comfort. It is important that those with the best knowledge 

be involved, or the work will be done by others. 

II. SOIL CLASSIFICATION 

This is an old, yet unresolved topic. A soil’s unique 

classification serves as the foundation for rational soil 

resource utilization, scientific management, and as an 

indispensable media for international exchange of soil 

research results.  

It is a great pity that no internationally unified soil 

classification system is available to date; though two 

influential systems, US Soil Taxonomy and the WRB, 

constitute a large portion of contemporary soil classifications 

worldwide. In China, soil classification systems have 

undergone several great changes, resulting in two parallel 

classification systems currently in use: The Genetic Soil 

Classification of China (GSCC) and Chinese Soil Taxonomy 

(CST). Various soil survey achievements at the national, 

provincial (municipality or autonomous region) and county 

levels along with a large quantity of soil physical and 

chemical data in China are reported on the basis of the 

GSCC.  

Communication problems arise when a Chinese 

scientist travels abroad or a foreign scientist comes to China 

for international soil academic exchange or research because 

no unified national soil classification system in China is 

available. At the very least, we should do our best to 

establish a reference system among the various classification 

systems so as to meet the needs of soil science development. 

III. PHYSICAL PROPERTIES  

Soil is comprised of minerals, soil organic matter 

(SOM), water, and air (Figure 1). The composition and 

proportion of these components greatly influence soil 

physical properties, including texture, structure, and 

porosity, the fraction of pore space in a soil. In turn, these 

properties affect air and water movement in the soil, and thus 

the soil’s ability to function. Although SOM comprises a 

relatively small portion of soil, typically only 1–4% in 

Montana and Wyoming agricultural soils, it plays a key role 

in many soil processes. 
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Figure 1. The four components of soil. Minerals and SOM make up 

the solid fraction, whereas air and water comprise the pore space 

fraction. A typical agricultural soil is usually around 50% solid 

particles and 50% pores.  

(Adapted from [9]) 

 

Soil development is caused by climate and living 

matter acting upon parent material (weathered mineral or 

organic matter from which the soil develops), as conditioned 

by topography, over time [9]. The result of these processes is 

a soil profile of varying layers, or ‘horizons,’ each with 

distinct texture, structure, color and other properties. Most 

agricultural soils are grouped into four main ‘master’ 

horizons: O, A, B, and C (Figure 2). Various subcategories 

may occur within these horizons and are designated by a 

lower case letter following the master horizon capital letter 

(e.g., Ap or Bt). The O horizon is an organic layer above the 

mineral soil that consists of fresh or partially decomposed 

organic material and is most common in forested soils. The 

A horizon is the mineral soil surface layer and is the horizon 

most impacted by biological and human activity. It usually 

has the highest percentage of SOM, which often results in it 

being darker in color than the rest of the profile. Below the A 

horizon will be either an E horizon, usually not present in 

grassland/agricultural soils, or a B horizon, the horizon of 

accumulation. Material from the A (or E) horizon, such as 

clay and carbonates, leach downward and accumulate in the 

B horizon. The C horizon represents the weathered parent 

material. Bedrock (designated by R) or a deep accumulation 

of materials deposited by wind, water, glaciers or gravity 

often lies below the C horizon. Not all soils will have every 

horizon or subhorizon present. For instance, a poorly 

developed soil may lack a strongly defined B horizon or 

highly eroded lands may have a thin, or nonexistent, A 

horizon. 

 

Figure 2. A general soil profile. 

IV. CHEMICAL PROPERTIES  

Most chemical interactions in the soil occur on 

colloid surfaces because of their charged surfaces. Due to 

their chemical make-up and large surface area, colloids have 

charged surfaces that are able to sorb, or attract, ‘ions’ 

(charged particles) within the soil solution. Depending on the 

ion’s charge, size and concentration in the soil, it can be 

sorbed and held to the colloid surface or exchanged with 

other ions and released to the soil solution. The soil’s ability 

to sorb and exchange ions is its ‘exchange capacity’ (Figure 

3). Although both positive and negative charges are present 

on colloid surfaces, soils of this region are dominated by 

negative charges and have an overall (net) negative charge. 

Therefore, more cations (positive ions) are attracted to 

exchange sites than anions (negative ions), and soils tend to 

have greater cation exchange capacities (CEC) than anion 

exchange capacities (AEC). Fine-textured soils usually have 

a greater exchange capacity than coarse soils because of a 

higher proportion of colloids. 

 

Figure 3. Simplified representation of exchange capacity. Because 

the colloid is primarily negatively charged, cations dominate the 

exchange sites. (Adapted from [9]) 
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Soil pH refers to a soil’s acidity or alkalinity and is 

the measure of hydrogen ions (H+) in the soil. A high 

amount of H+ corresponds to a low pH value and vice versa. 

The pH scale ranges from approximately 0 to 14 with 7 

being neutral, below 7 acidic, and above 7 alkaline (basic). 

Soil pH can affect CEC and AEC by altering the surface 

charge of colloids. A higher concentration of H+ (lower pH) 

will neutralize the negative charge on colloids, thereby 

decreasing CEC and increasing AEC. The opposite occurs 

when pH increases (Figure 4).  

 

Figure 4. Generalized porosity in sandy and clayey soils. 

The presence and concentration of salts in soil can 

have adverse effects on soil function and management. Salt-

affected soils are most common in arid and semiarid regions 

where evaporation exceeds precipitation and dissolved salts 

are left behind to accumulate, or in areas where vegetation or 

irrigation changes have caused salts to leach and accumulate 

in low-lying places (saline seeps). The three main types of 

salt-affected soils are saline, sodic and saline-sodic. Saline 

soils contain a high amount of soluble salts, primarily 

calcium (Ca2+), magnesium (Mg2+), and potassium (K+), 

whereas sodic soils are dominated by sodium (Na+). Saline-

sodic soils have both high salt and Na+ content. Salts in soil 

can affect structure, porosity and plant/water relations that 

can ultimately lead to decreased productivity.  

V. BIOLOGICAL PROPERTIES 

The soil environment is teeming with biological life 

and is one of the most abundant and diverse ecosystems on 

earth. Soil biota, including flora (plants), fauna (animals) and 

microorganisms, perform functions that contribute to the 

soil’s development, structure and productivity. General 

characteristics and functions of these groups are presented 

below. 

Plants act on the soil environment by aiding in 

structure and porosity, and in supplying SOM via shoot and 

root residue. Root channels can remain open for some time 

after the root decomposes, allowing an avenue for water and 

air movement. Roots also act to stabilize soil through 

aggregation and intact root systems can decrease soil loss. 

The ‘rhizosphere,’ the narrow zone of soil directly 

surrounding plant roots, is the most biologically active 

region of the soil. It contains sloughed root cells and secreted 

chemicals (i.e., sugars, organic acids) that provide organisms 

with food. 

Soil fauna work as soil engineers, initiating the 

breakdown of dead plant and animal material, ingesting and 

processing large amounts of soil, burrowing ‘biopores’ for 

water and air movement, mixing soil layers, and increasing 

aggregation. Important soil fauna include earthworms, 

insects, nematodes, arthropods and rodents. Earthworms are 

considered one of the most important soil fauna. Through the 

process of burrowing, they provide channels that increase a 

soil’s porosity, WHC, and water infiltration [15] (Figure 5). 

They also increase further biotic activity by breaking down 

large amounts of SOM through digestion and supplying 

nutrient-rich secretions in their casts. Furthermore, 

earthworms are able to build soil by moving between 1 to 

100 tons of subsoil per acre per year to the surface, possibly 

helping offset losses by erosion [11]. 

 

 

Figure 5. Vertical earthworm burrow. Such burrows allow water 

and air to move deep into the soil, offering greater resource 

movement for deep-rooted plants and adequate water drainage. 

(Photograph from USDA-ARS, Coshocton, OH) 

Microorganisms (microbes) are invisible to the 

naked eye. However, their effect on numerous soil properties 

are far-ranging. Microorganisms represent the largest and 

most diverse biotic group in soil, with an estimated one 

million to one billion microorganisms per one gram of 

agricultural top soil [12]. Microbes aid soil structure by 

physically surrounding particles and ‘gluing’ them together 

through the secretion of organic compounds, mainly sugars. 

This contributes to the formation of granular structure in the 

A horizon where microbial populations are greatest. 

Soil microbes include bacteria, protozoa, algae, 

fungi and actinomycetes. Bacteria are the smallest and most 

diverse soil microbes. Bacteria are important in SOM 

decomposition, nutrient transformations and small clay 

aggregation. Some bacteria carry out very special roles in the 

soil, such as Rhizobia, the nitrogen-fixing bacteria associated 

with legume roots. Protozoa (e.g., amoebas, ciliates, 

flagellates) are mobile organisms that feed on other microbes 

and SOM. Algae, like plants, photosynthesize and are found 

near the soil surface. Fungi are a diverse group of microbes 

that are extremely important in the breakdown of SOM and 

large aggregate stability. Many fungi have long ‘hyphae’ or 

‘mycelia’ (thin thread-like extensions) that can extend yards 
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to miles underneath the soil surface and physically bind soil 

particles (Figure 6). Actinomycetes are a microbial group 

that are classified as bacteria, but have hyphae similar to 

fungi. They are important for SOM breakdown, particularly 

the more resistant fractions, and give soil much of its 

‘earthy’ odor. Bacteria dominate in agricultural and 

grassland soils, whereas fungi are more prevalent in forest 

and acid soils. 

 

 

Figure 6. Fungal mycelia wrapped around and binding soil 

particles. (Photo[9]) 

An important relationship found in almost all soils 

and plants, including many crop species, are mycorrhizae. 

Mycorrhizae are a plant-fungal symbiosis (a relationship 

between two interacting species) in which fungi infect and 

live in, or on, a plant root. The fungus depends on the plant 

for energy, and in return, the fungus and its hyphae can take 

up nutrients for the plant, and possibly improve plant 

growing conditions. For instance, mycorrhizae associations 

have been shown to increase plant-water relations and 

reduce severity of some plant diseases[13], as well as 

improve soil aggregate stability due to the binding actions of 

hyphae and glomalin, a mycorrhizal secreted chemical [6]. 

VI. CONCLUSION 

In this paper I have given the basics of soil science 

and described the physical, chemical and biological 

perspective of soils. Soil physical, chemical and biological 

properties affect many processes in the soil that make it 

suitable for agricultural practices and other purposes.  As 

such, it can meet the multiple needs of many other 

disciplines for soil science knowledge. New frontiers include 

microbiology and biochemistry, which are casting new light 

on biodiversity, soil-plant interactions and the fate of 

chemicals in ecosystems. Since many soil properties are 

interrelated with one another, it is difficult to draw distinct 

lines of division where one type of property dominates the 

behavior of the soil. Therefore, understanding and 

recognizing soil properties and their connections with one 

another is important for making sound decisions regarding 

soil use and management. That shows the time has come for 

soil science to mature, to cut the umbilical cord that ties soil 

science to agronomy. 
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