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1  THE SOIL 

The soil is the superficial layer that covers the earth's crust, deriving from the alteration of a rocky 

substratum, called bedrock, by chemical, physical and biological action exerted by all surface agents and by 

the organisms present on it. Soil can include both sediment and regulith. It is also called pedosphere (from 

the Greek πζδον, pedon, soil, earth and sphere) when considered part of the geosphere. Pedology is the 

science that studies the composition, genesis and soil modifications due to both biotic and abiotic factors. 

The soil chemistry is instead the discipline that deals with the study and chemical and physical-chemical 

characterization of the soil. Soil is the basis for all human activities; it also gives support and nourishment to 

the roots of plants.  

1.1 HOW THE SOIL IS MADE UP 

 The soil is composed of a solid part (organic component and mineral or inorganic component), a liquid part 

and a gaseous part. During its evolution, the soil differentiates along its profile (the set of layers that form 

the profile) a series of horizons. The most common identifiable horizons, for example, are an organic 

surface horizon (sometimes overlaid by an undecomposed litter layer), in which the organic matter content 

together with the mineral particles reaches a considerable percentage (eg: 5% -10%), an underlying 

eluviation horizon, in which the process of percolation of the meteoric waters has eluviate a part of the fine 

mineral particles leaving the silty or sandy component predominant, and at the bottom the corresponding 

illuviation horizon, where the above mentioned fine (clayey) particles have accumulated. 

 The processes that originate a soil are however different, and a characterization of the soils in close 

correlation to the climatic regimes is possible. However, this is not the only type of operable classification. 

 Within a soil, depending on the rocks from which it originates and the climate of the area, there are 

distinguishable levels, indicated as pedological horizons, in which each is a well identifiable layer that can 

be distinguished from the others above and below. The famous Russian pedologist Vasilij Dokučaev, the 

first to provide an analysis of the nature of the soil, distinguished three horizons (plus the rocky 

substratum): 

-  the horizon A, present under the litter, is dark due to the presence of decomposed organic 
compounds, which form the humus. Within this horizon there are numerous small animals and the 
roots of plants. Precisely because it is present under the litter, when there is no horizon O, horizon 
A is in contact with the atmosphere. It can manifest disturbances of anthropic origin; 

-  the horizon B, where the deepest roots are present and the work is done to make the land suitable 
for agriculture; it is usually below a horizon A, but not always. All horizons B are, or were originally, 
horizons of the subsoil and are mineral horizons differentiated by different pedogenetic processes 
(such as the illuviation, which consists in the transport of matter from above); 

-  the horizon C, consisting of sand, gravel and stones. Its composition determines the characteristics 
with respect to water. Horizons C are horizons weakly altered by pedogenetic processes and are 
almost totally mineral horizons; for this reason, the signs of biological alteration by micro-
organisms are not visible; 

-  the horizon R, the deepest layer, composed of mother rock, is also called a rocky substratum. 

http://www.lemiescienze.net/modellamento_terremoti_vulcani/superiori/suolo.htm 
 

http://www.lemiescienze.net/modellamento_terremoti_vulcani/superiori/suolo.htm
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2 THE GROUND 

 It is the superficial layer of the earth's crust that can accommodate the life of plants. It consists of a solid 

phase, a liquid phase and a gas phase. 

http://www.acutis.it/Materiale_Agronomia/Terreno_biotec_2013.pdf 

2.1  SOLID PHASE 

 The solid phase is composed of earthy particles and living organisms present in the soil. The chemical 

nature of the earth particles is partly mineralogical, partly organic, partly chemical. The nature of earth 

particles has direct influences on many physical and mechanical properties of the soil. The particles of 

mineral origin are those derived from the pedogenetic process of rock disintegration. The chemical-

mineralogical composition is composite in allochthonous soils, particularly alluvial soils, while it is reduced 

to a few elements in native soils, originating from the underlying bedrock. In general they are primary and 

secondary silicates, carbonates, phosphates, hydroxides and oxides. Other salts, such as halides and 

sulfates, are minor components and present in significant quantities only in soils derived from particular 

rocks. The earthy particles are largely inert and interact with the soil ecosystem only in very long times. 

Those smaller than 0.1μ have colloidal properties and therefore have a role of dynamic interaction with the 

other components. The particles of organic origin are composed of organic material derived largely from 

the remains and waste of the organisms that make up the telluric biocenosis. In agricultural land, however, 

organic material incorporated artificially by man is also present in sometimes considerable quantities. The 

organic particles are divided into two groups: decomposing organic matter and humus. The latter, with 

colloidal properties, is derived from the transformation (humification) of the intermediate products of the 

microbial decomposition process. The particles of chemical origin are derived from chemical processes of 

precipitation or insolubility related to the interaction of the ground with rain water and groundwater and 

with the chemical compounds supplied with fertilization. In general it is halides, sulphates, carbonates and 

phosphates. 

2.2  LIQUID PHASE 

 The liquid phase is composed of the circulating solution, in other words from the water and the dissolved 

mineral salts. This component of the terrain is subject to large fluctuations due to the dynamics of meteoric 

and groundwater inputs, evapo transpiration and deep percolation. The physical property of the soil closely 

related to the liquid phase is the water potential. In close relationship with the solid matrix it also affects 

the mechanical properties of the soil such as adhesion, cohesion, toughness. The liquid phase also 

contributes to determining some physic-chemical properties, such as adsorption phenomena which 

concern the interfaces between the circulating solution and the soil exchange complex on one side and the 

radical capillice from another. 

2.3  GASEOUS PHASE 

 It is composed of the atmosphere of the soil and is in a complementary relationship with the liquid phase, 

since both occupy the empty spaces of the ground. The atmosphere of the soil is in dynamic equilibrium 

with that of the air and the gradient of composition is closely related to the resistance offered by the 

ground to the surface gas exchanges. In general the atmosphere of the soil is richer in carbon dioxide and 

poorer in oxygen as the respiratory processes of the edaphic biocenosis consume O2 and release CO2. The 

aeriform phase has no direct influence on the physical properties of the soil, however it indirectly interferes 

http://www.acutis.it/Materiale_Agronomia/Terreno_biotec_2013.pdf
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with the structure through the action of the soil redox potential on the processes of mineralization of the 

organic substance. 

2.4 THE PHISICAL PROPERTIES OF THE GROUND 

 . The physical properties of the ground are a set of soil characteristics derived in part from its physical state 

and partly from its chemical nature. Their evolution influences both the life of plants, animals and soil 

micro-organisms, and the agricultural technique in general. The latter interacts with the physical properties 

modifying them in a more or less marked way in order to make the environment for the telluric biocenosis 

more hospitable 

2.4.1 THE TEXTURE 

 The texture or granulometry is the physical-mechanical property that identifies the composition of the 

earthy particles according to their size, regardless of their chemical and mineralogical nature. It is one of 

the most important properties of the soil because it has direct or indirect reflections on other physical and 

mechanical properties, on chemical and biological ones. It characterizes the thermal profile, the air and 

water permeability, the surface reactivity, the workability. It has close interrelations with the dynamics of 

the liquid and solid phases and significantly influences the same agronomic technique. 

2.4.2 THE STRUCTURE 

By a structure of the ground we mean the property derived from the aggregation of the earth particles and 

the mutual spatial arrangement of both the aggregates and the individual particles. The existence of a soil 

structure can modify or enhance the qualities or defects of the texture and therefore have repercussions 

on the physical, mechanical and chemical properties of the soil and on the agronomic technique. This 

property therefore assumes particular importance in soils that have a significant content in fine particles 

(clay) as they are easily predisposed to defects in mechanical fertility. The agronomic technique significantly 

interferes with the structure by improving it if performed rationally, worsening it or even destroying it if it 

is carried out in an irrational way 

https://www.unirc.it/documentazione/materiale_didattico/1462_2015_390_23712.pdf 

2.4  MECHANICAL PROPERTIES OF THE GROUND 

 The relationship between texture, structure and humidity determines the manifestation of real mechanical 

properties. 

2.4.2  THE DENSITY 

 The density expresses the mass of the ground referred to the unit of volume. A distinction is made 

between the actual density, which takes into account only the volume of the solid fraction, and the 

apparent density, which takes into account the total volume of the soil, thus including the empty spaces. 

The actual density is unimportant for practical purposes. Its value depends in substance on the chemical 

nature of the solid fraction, while there are no particular differences in relation to the texture. The silicate-

rich soils, regardless of their texture, have on average a real density of 2,600 kg / m3 which drops to values 

of the order of 2,300 kg / m3 in soils with a high content of limestone and of the order of 2,000 kg / m3 in 

those peaty. The apparent density can change significantly in relation to the texture and its interactions 

with the structure and with the working of the ground: 

https://www.unirc.it/documentazione/materiale_didattico/1462_2015_390_23712.pdf
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- The sandy soils have an apparent density of 1,500-1,600 kg / m3, values that decrease by 15% as a 

result of processing; 

-  Medium-textured soils have an apparent density of 1,300-1,400 kg / m3. These values can also 

decrease by 25% in relation to the porosity created by the workings; 

-  Clay and silty soils have an apparent density of 1,200 kg / m3. This value may decrease by 25% as a 

result of processing; 

-  The peaty soils have an apparent density of the order of 900-1.000 kg / m3. The value drops 

significantly, even by 30-35%, as a result of processing;  

2.4.2 THE POROSITY 

The porosity expresses the volume of the empty spaces of the soil as a percentage ratio on the total 

volume. This physical property directly influences the dynamics of the liquid and aeriform phases in the soil 

and, indirectly, the chemical fertility. It has a close correlation with the structure and with the workings. 

Total porosity means the overall porosity of the soil, within which a microporosity and a macroporosity are 

distinguished. By convention, those with a diameter of more than 8 μm are considered macropores, 

micropores with a diameter of less than 8 μm. The total porosity determines the overgrowth of the soil and 

is related to the texture. In general it increases with the fine and very fine particle content, reaching the 

highest values in the worked clay soils and the lower ones in sandy soils. Unprocessed soils have a total 

variable porosity in general from 40% (sandy soils) to 50-55% (clayey and peaty soils). As a result of the 

processing it can increase up to values of 50-70% (higher in clayey and peaty soils). Microporosity has 

repercussions on water holding capacity and is related to both the texture and the structure. In general it 

increases with the fine and very fine particle content, reaching the highest values in constipated or poorly 

structured clay and silt soils. Macroporosity has repercussions on the permeability and on the movements 

of air and water in the soil. It is mainly related to the texture, reaching the highest values in sandy soils, but 

it is also conditioned by the structural state and the workings. The latter can significantly increase the 

macroporosity in colloidal soils by improving the ratio between micro and macropores in favor of the latter. 

On the contrary, it achieves the lowest values in soils with a compact or concreted structure to make them 

completely impermeable and asphyxiated. The optimal ratio between micropores and macropores should 

be 1: 1. In these conditions the soil can host a balanced relationship between the liquid phase and the 

aeriform phase, allowing the accumulation of significant water reserves in the micropores and the presence 

of an adequate supply of air, which occupies the macropores. The latter also facilitate the movement of 

water in the ground, allowing infiltration and subsurface drainage of excess water. Finally, a balanced 

relationship between macro and micropore determines a good balance of the organic substance with a 

balance between the processes of humification and mineralization. Ultimately the excessively macroporous 

soils tend to be very permeable and well aerated, but they are easily subject to drought and excessive 

mineralization of the organic substance with consequent reduction of chemical fertility. The excessively 

microporous soils tend to be impermeable and asphyxiated due to the difficulty of draining excess water.  

2.4  THE AGRICOLTURAL LAND 

http://www.ipsaameloni.gov.it/documenti%202016/risorse%20didattiche/laboratorio%20agrario/Presenta

zione%20Analisi%20fisiche%20%20_%20n.%2001_.pdf 

http://www.ipsaameloni.gov.it/documenti%202016/risorse%20didattiche/laboratorio%20agrario/Presentazione%20Analisi%20fisiche%20%20_%20n.%2001_.pdf
http://www.ipsaameloni.gov.it/documenti%202016/risorse%20didattiche/laboratorio%20agrario/Presentazione%20Analisi%20fisiche%20%20_%20n.%2001_.pdf
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3 THE PEDOGENESIS  

 Pedogenesis (from the Greek πζδον, "soil" and γζνεσις, "birth") is the set of physical, chemical and 

biological processes that lead to the formation of a soil, over time, starting from the so-called pedogenetic 

substratum, a material rocky deriving from a first alteration of the bedrock (the original lithological 

material). The simple alteration of the minerals of the rocks, even if very strong, is not however sufficient 

for the formation of a soil, since the discriminating element between this and a simple accumulation of 

non-pedogenized sediment is the presence of organic substance mixed with the mineral component ; the 

action of a biological component is essential for the development of a soil. The first living communities that 

are established on an inorganic substrate are formed by simple organisms: lichens, mosses, bacterial 

colonies, which have a double effect: on the one hand they continue the work of chemical and physical 

alteration of the substrate, on the other they supply the "newborn" soil of a first pool of organic substances 

and mineral ions that is subsequently exploited for the establishment of more complex organisms, such as 

plants. The intensity and type of pedogenetic processes are determined by the interaction of different 

environmental components: the parent rock, the morphology and climate of the area, living organisms 

(including humans) and the passage of time; these components are called pedogenetic factors and, at any 

moment, determine the characteristics of the soil. 

3.1 THE TRANSFORMATIONS OF THE BEDROCK 

 The first stage of pedogenesis is the alteration of the original material, which occurs under the influence of 

various physical, chemical, and biological factors. The "engine" of these transformations is the condition of 

non-energetic balance between the structures of the minerals (types of crystal lattice, oxidation states) and 

the conditions existing at the earth's surface. 

3.1.1 PEDOGENETIC SUBSTRATUM 

The processes of pedogenesis are established on the so-called pedogenetic substratum, that is to say, an 

accumulation of debris derived from a portion of altered and disrupted mother rock. These debris can 

derive directly from the bedrock present in different situations (native substrate) or from mother rocks 

outside the area (alltonous substrate); examples of allochthonous substrates may be alluvial, wind (eg löss), 

morenic or colluvial debris (landslide debris, dejection cones, etc.). The transformations undergone by the 

mother rock can be physical, that is to say a simple crumbling of the rocky mass outcropping on the earth's 

surface, caused by the different physical agents, or of a chemical type, implying a modification of the 

chemical composition or a reorganization of the crystalline structure , which leads to the creation of the so-

called secondary minerals.  

3.1.2 PHYSICAL DEGRADATION 

 The action of the various atmospheric agents on the rocks leads, in the long run, to their crumbling with 

the production of sediment with increasingly finer gradation, up to the size of the sand (granules, almost 

always composed of a single mineral, with dimensions of order of fractions of a millimeter); particles of 

finer size, such as clayey, can not be obtained by exclusively physical alteration, but other forms of 

transformation (chemical or biological) must come into play. The methods of physical degradation of the 

rocks are of different types: 
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-   freeze-thaw action (also called gelivation or cryoclastic process): the water inside the fissures of 

the rocks, freezing, increases in volume (about 9%) producing pressures capable of causing the 

fracture to widen and, after repeated cycles, the crushing of the rock; 

-  saltiness effect (also called saline disruption or aloclastic process): substantially similar to the 

disintegration caused by ice crystals, only slower given the greater time required for precipitation 

and crystalline growth of volumes of salts sufficient to create disruptive pressures; 

-  organic activity: even if the transforming activity of organisms takes place mainly through 

biochemical, the mechanical action of growing roots of plants or the mixing of earth by earthworms 

can have its importance. 

 There are other forms of physical degradation that can act on rocks, which are considered of some 

importance only on very long times, such as the effect of thermal expansion (dilatations caused by very 

strong solar irradiation) and contraction during nighttime cooling, or the expansion resulting from the 

removal of overlying rocky layers, with a consequent decrease in the cytostatic pressure and consequent 

release of internal tension stress. All the processes of physical disintegration produce a notable increase in 

the surface / volume ratio of the rock mass considered in its entirety; since the chemical alteration of 

minerals occurs starting from the mineral surface, it is evident that a high physical degradation, with the 

same geochemical conditions, favors a greater chemical alteration. 

3.1.3  CHEMICAL ALTERATION 

 The processes of chemical alteration lead to important consequences for the genesis of a soil: chemical 

attacks on the minerals of a rock lead to the change or destruction of their crystalline structure and to the 

loss of elements. In all the processes described below, water plays an important role, the circulation of 

which is allowed by the permeability of the soil which is a function of its texture. The processes through 

which the substrate is altered are: 

-   Oxidation / reduction: they have importance in the soil as they act on the solubility and therefore 

on the mobility of some elements; these last quantities vary as the oxidation-resistant conditions 

that are determined in the soil vary. Some of the most important chemical elements in pedogenesis 

have dynamics very influenced by their oxidative state: iron, for example, under reducing 

conditions (as can be determined in a soil saturated with water) is reduced to ion Fe2 + and 

becomes partially soluble in water, being able to be so far removed. When the pedological 

environment returns to oxidation (for example, ceasing conditions of water saturation), the iron 

returns to its trivalent form and reprecipitates as an oxide or hydroxide. 

- Solubilization: the water has a great solubilizing power, further increased by the fact that it is 

frequently made slightly acidic due to the presence of weak organic acids or dissolved CO2 (in the 

soil the carbon dioxide is present in quantities 50-100 times higher than that air due to the 

respiration of the organisms making up the pedofauna). The solutions circulating in a soil are of 

great importance in the pedogenetic mechanisms, given the great mobility in the pedological 

profile of the water (solvent), which makes possible removal of large quantities of ions and their 

subsequent redeployment in other horizons in the profile or their removal. For example, the 

decarbonation processes are essentially deriving from solubilization and removal of calcium ions 
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(Ca2 +); furthermore, the processes of deposition of salts derive from their precipitation, having 

been previously dissolved in water and mobilized therefrom.  

-   Hydration: consists in the incorporation of water molecules into the lattice of a mineral; the 

dehydration, instead, occurs when, in dry conditions, the strong evaporation causes the expulsion 

of water. Hydration facilitates chemical alteration of minerals, weakening the forces that hold ions 

bound to crystal surfaces. Many soil minerals derive from hydration: for example gypsum (calcium 

sulfate dihydrate, CaSO4 • 2H2O). 

- Hydrolysis: it is given, technically, by a rupture of the crystalline lattices of the minerals caused by 

the action of water. In pedogenesis it is a powerful alteration factor, absolutely prominent in warm 

and humid environments such as, for example, equatorial ones. The alterative capacity of water 

molecules is increased by the slight acidity (contained in carbonic acid, H2CO3). The hydrolytic 

process involves the release of silica and bases; depending on the climatic characteristics, then, 

these can be completely washed out (desilicization) or give rise to newly formed clays and 

hydroxides of iron, aluminum and manganese (alteration complex).  

-  Chelation: is a particular form of chemical alteration (in some cases, biochemical) caused by some 

types of organic compounds (organic acids, phenols) that can be produced by lower organisms 

(mosses, fungi, lichens) or come from the decomposition of forest litter . These compounds attack 

the minerals, extracting some metal ions (otherwise rather refractory to such reactions) forming 

some organo-metallic compounds called chelates; these ions can then undergo a translocation, by 

means of circulating water, towards the lower parts of the profile. 

 

  YOUTUBE VIDEO LINKS 

THE SOIL: https://www.youtube.com/watch?v=tXCBSFe--_U 

VIDEO LESSON ON THE AGRICOLTURAL SOIL: https://www.youtube.com/watch?v=1wABZPW4HXQ 

FILM – THE SOIL IS A LIVING ORGANISM: https://www.youtube.com/watch?v=kkr5Os0oWjw 

DETERMINATION OF THE GROUND TEXTURE: https://www.youtube.com/watch?v=ER6z1DbwyAQ 

DOCUMENTARY ON DECOMPOSITION OF VEGETABLE  MATERIALS: 
https://www.youtube.com/watch?v=H0SrwkSaghI 
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