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Soil forms continuously, but slowly, from the

gradual breakdown of rocks through

weathering and it is made up mainly of

• mineral particles

• organic materials

• air

• water and

• living organisms

- all of which interact slowly yet constantly -

hence soil formation and development is

a dynamic rather than static process.



• While some soils develop by weathering of 

the underlying bedrock (residual soils), many 

soils form from material that has been 

transported from a different area. 

• Rocks are composed of minerals e.g. quartz, 

feldspar, pyroxene, hornblende, and olivine.

• For example, granite is a rock and it is 

composed of several minerals such as 

quartz, mica, and feldspar.



WEATHERING

Weathering of rocks describes the process of 

weakening and breaking down of rocks and 

minerals

There are three different types of weathering

• Physical/Mechanical

• Chemical

• Biological



PHYSICAL WATHERING
• Physical weathering describes a change that 

affects the structure of a rock, but not its 

composition. 

• It is sometimes also called mechanical 

weathering since it only causes mechanical 

changes to the rock's structure.

• Examples of physical weathering include 

wedging, exfoliation, abrasion, and thermal 

expansion. 



Wedging: It typically occurs in areas with 

extremely cold conditions with sufficient rainfall. 

The repeated freezing and thawing of water 

found in the cracks of rocks (called joints) 

pushes the rock to the breaking point.



Exfoliation: Weakening and separation of the

surface layers of rock as a result

of chemical or (possibly) thermal weathering,

or of pressure release due to erosion.



Abrasion: Rocks and sediment grinding 

against each other wear away surfaces and it 

happens as wind and water rush over rocks. 

The rocks become smoother as rough and 

jagged edges break off.



Thermal expansion: Rapid temperature

fluctuations, such as day-night cycles, cause

rocks to expand and contract. This causes

stress within the rocks and small cracks form.



CHEMICAL WEATHERING
Chemical weathering is the weakening and 

subsequent disintegration of rock by chemical 

reactions.

These reactions include oxidation, hydrolysis,

carbonation, oxidation and reduction.

These processes either form or

destroy minerals, thus altering the nature of the
rock’s mineral composition.



Temperature and, especially, moisture are 

critical for chemical weathering; 

Chemical weathering of rock minerals generally 

occurs more quickly in hot, humid climatic 

regions.



Carbonation is the process of rock minerals 

reacting with carbonic acid. Carbonic acid is 

formed when water combines with carbon 

dioxide. Carbonic acid dissolves or breaks 

down minerals in the rock.

CO2 + H2O → H2CO3

(carbon dioxide + water → carbonic acid)

CaCO3 + H2CO3 → Ca2+ + 2HCO3-

(calcite + carbonic acid → calcium + bicarbonate)



Hydrolysis is a chemical reaction caused by 

water. Water changes the chemical composition 

and size of minerals in rock, making them less 

resistant to weathering. 

A hydrolysis reaction of orthoclase (alkali 

feldspar), a common mineral found in igneous 

rock, yields kaolinite, silicic acid, and potassium.

2KAISi3O8 + 2H+ + 9H20 → H4Al2Si2O9 + 4H4SiO4 + 2K+

(orthoclase + water → kaolinite + silicic acid + potassium)



Hydration: Soil forming minerals in rocks do 

not contain any water and they undergo 

hydration when exposed to humid conditions.

Examples:

a) 2Fe2O3 + 3HOH → 2Fe2O3 .3H2O

(Hematite) (Red) (Limonite) (Yellow)

b) Al2O3 + 3HOH → Al2O3 .3H2O

(Bauxite) (Hyd. aluminum Oxide)



Oxidation: is the process of addition and 

combination of oxygen to minerals. The 

absorption is usually from O2 dissolved in soil 

water and that present in the atmosphere. 

The oxidation is more active in the presence 

of moisture and results in hydrated oxides.

4FeO (Ferrous oxide) + O2 → 2Fe2O3 (Ferric oxide)

4Fe3O4 (Magnetite) + O2 → 6Fe2O3 (Hematite)

2Fe2O3 (Hematite) + 3H2O → 2Fe2O3 .3H2O (Limonite



Reduction: The process of removal of oxygen 

and is the reverse of oxidation and is equally 

important in changing soil colour to grey, blue 

or green as ferric iron is converted to ferrous 

iron compounds. 

Reduction takes place under the conditions of 

excess water or waterlogged condition (less or 

no oxygen).

2Fe2O3 (Hematite) - O2 → 4FeO (Ferrous oxide)



BIOLOGICAL WEATHERING
This is the breakdown of rocks by living things.

Burrowing animals help water and air get into 

rock, and plant roots can grow into cracks in the 

rock, making it split.

Living organisms can also produce substances 

which react with the rock. 



The weathering process and the formation of 

soil is influenced by the interaction of five 

factors – the factors of soil formation. These 

are:

• Parent material

• Climate

• Relief

• Organisms

• Time



These soil-forming factors 

• control the conditions under which the soil-

forming processes operate 

• and thus determine the state of any soil 

and soil response in any given location.

Soil processes can be considered under four 

groups:

additions, losses, transformations, and 

translocations



Examples of soil forming 

processes
Additions: Decomposing organic material, 

mineral materials deposited by wind or water

Losses: Through wind or water, uptake by 

plants, leaching

Transformations: chemical weathering of 

sand and formation of clay minerals, coarse 

OM to humus



Examples of soil forming 

processes
Translocations: Movement of soil constituents 

(organic or mineral) within the profile and/or 

between horizons. 

Its one of the more visibly noticeable as 

alterations in color, texture, and structure 

become apparent 





PARENT MATERIAL
Soil parent material is the material that soil 

develops from, and may be rock that has 

decomposed in place, or material that has 

been deposited by wind, water, or ice. 

The parent material determines the colouration

of the soil, its mineral composition and texture.

Hence the importance of the minerals the rock 

contains.



• Soils developed on parent material that is 

coarse grained and composed of minerals 

resistant to weathering are likely to exhibit 

coarse grain texture. 

• Fine grain soil develops where the parent 

material is composed of unstable minerals 

that readily weather.



Parent material composition has a direct 

impact on soil chemistry and fertility. 

For Example:

• Parent materials rich in soluble ions-

calcium, magnesium, potassium, and 

sodium, are easily dissolved in water and 

made available to plants.

• Limestone and basaltic lava both have a 

high content of soluble bases and produce 

fertile soil in humid climates. 



• If parent materials are low in soluble ions, 

water moving through the soil removes the 

bases and substitutes them with hydrogen 

ions making the soil acidic and unsuitable 

for agriculture. 

• Soils developed over sandstone are low in 

soluble bases and coarse in texture which 

facilitates leaching. 



Parent material influence on soil properties 

tends to decrease with time as it is altered, 

and climate becomes more important. 



CLIMATE
• Climate is the single most important factor in 

soil formation. 

Rainfall and Temperature

Climate controls: 

• the type and effectiveness of weathering of 

the parent material, 

• the quantity of water seeping through the 

soil 

• the type of micro-organisms present therein.



• In areas of heavy rainfall and high 

temperature, the soils are red or lateritic.

• Torrential rainfall during the rainy season 

washes the upper soil and leaches the 

materials into deeper horizon. 

• During the dry summer season the 

evaporation exceeds precipitation and 

through capillary action sesquioxides are 

transported to the surface making the soil 

red.



In arid and semi-arid regions, evaporation 

always exceeds precipitation. Hence,

Firstly, there is very little vegetation and the 

soils badly lack humus content. Thus the 

soils are invariably of light colour. 

Secondly, the excessive evaporation makes 

soils lime accumulating. 



In cold climates, the process of vegetation 

decay is very low and the soils formed under 

such circumstances are acidic in nature. 

When the climatic control acts for a 

sufficiently long period, it reduces the 

differences in the parent materials. 

Hence, two different parent materials may 

develop the same soil in the same type of 

climate.



Similarly, the same parent material may 

produce two different types of soils in two 

different types of climates. 

For example, the crystalline granites 

produce laterite soil in relatively moist region 

and non-laterite in drier areas



RELIEF OR TOPOGRAPHY
The shape, length and grade of a slope 

affects drainage

The aspect of a slope determines the

type of vegetation and indicates the amount 

of rainfall received - change the way

soils form.

Steep slope encourages the swift flow of 

water and hinders the process of soil 

formation. 





The areas of low relief or gentle slope 

generally experience deposition and have 

deep soils. 

Transported soils include:

• alluvial (water transported)

• colluvial (gravity transported)

• aeolian (wind transported) soils.

Hence, the degree of slope also largely 

determines the fertility of soil.



ORGANISMS
All living organisms actively influence the soil 

forming process – plants, micro and macro-

organisms, animals, man.

Their major influence is the effect on the 

chemical and physical environment of the 

soils.

Some microorganisms - change the 

chemistry of the soil  - influences the type of 

soil forming processes that take place



Microorganisms – decomposition of organic 

materials and return the products of to the soil.

Larger animals such as earthworms and 

burrowing animals mix the soil and change its 

physical characteristics

Their waste products cause 

aggregation of the soil particles

and improve soil structure.



Plants - Their leaves and roots 

are added to the soil 

Man's activities  - For example through 

cultivation and the addition of lime, fertilizer 

and other soil amendments. 

Artificial drainage and filling have altered the 

environment of some naturally wet soils.



TIME
Soil properties may vary depending on how 

long the soil has been weathered

Soils have been referred to as young, 

mature, and old, depending on the degree 

of weathering. 

A mature soil is in equilibrium with its 

environment and shows full development of 

layers or horizons in its profile





CONCLUSION
Due to the interplay of various soil forming 

factors and processes in their evolution as 

well as soil management activities, soils 

vary in their distinctive characteristics. 

Hence, greatly variable soil result with 

varying morphology and physico-chemical 

properties. 

Soil variability can be expressed either as 

static or dynamic property.



Static properties may, for example, relate to 

variation in soil texture or organic matter 

content, which are relatively stable soil 

properties.  

Dynamic properties relate to differences at 

short distances in water, solute, air, and 

temperature regimes that are considered to 

be of practical significance. 

The soil variability influences the use of 

different soils for different purposes. 
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