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1.0 Introduction

Now that you have read through the course guide, would have acquired a general
overview of what this unit is all about and hovinitroduces the subject matter of this course.
In this unit, you will learn what soil is in andelfunctions it performs.

2.0 Objectives

At the end of this unit, you should be able to:
» define soil in relation to some disciplines,
* identify the nature of soil and
* know the various functions of soil.

3.1 Definition of Soil

Various definitions of soil have emerged dependipgn the point of view of soil users.
Perhaps the first and the most popular definitothat given by agriculturists that soil is a
medium or a stuff in which plants grow.

» The soil chemist sees the soil either as a cherf@abakatory where various chemical
processes and reactions take place or as a tesirttdowhich plant nutrient can be
introduced for the benefit of plant.

* Both the soil physicist and geologist conceive saila collection of matter, solid,
liquid and recognizable mechanical properties aatet with the rock from which
they are formed.

* The engineers see the soil either as a materiai¥drengineering constructions or in
terms of its suitability for foundation laying.
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* To the geographer, the term “soil” means the uppstrauperficial layer of loose or
unconsolidated material overlying the crustal roclwhich plants may grow.

5.2  The Science of Pedology

We now turn to looking at the soil, as the pre-gation of the science of pedology.
Pedology is the science of soils. It studies thgirts, characteristics and uses of soils. Let
us now consider the interests of the penologist.

* The pedologist is interested in the appearancleo$oil.

» The pedologist wants to know the mode of formatbsauch a soil.

» The physical, chemical and biological compositiats® interest the pedologist.

» Besides all these, the pedologist wants to claskdysoil types of the world and how

they are distributed over the surface of the earth.
* The pedologist is also interested in how soilsraamaged and conserved.

Do you know that for the pedologist to achieve Hes/interests in the study of soils he/she
makes use of a larger number of branches of stiekhowledge? These fields are many.
They include biology, chemistry, physics, agrictdtu forestry, geology, geography

archaeology and history.

3.3  Functions of Soil

» Soil has many functions it performs. Out of thesewill consider five of them.

* Soil acts as a medium in which seeds, spores anmd ocmay germinate. This is
because most seeds, spores corm need the profeciionth and moisture of the soll
to enable them commence their life cycles.

* Soil provides support for many growing plants, thst soil is essential as an
anchorage for plants.

» Solil is the main medium whereby water is broughthi® roots of plants. This is so
because soil is capable of holding moisture andbaith of which are necessary for
plant life.

e It is through soil that nitrogen, potash, phospBorpotassium, iron and other
numerous mineral substances essential to plardarngeupplied.

» Lastly, soil functions as a habitat for organismbose biological activities are
responsible for the recycling of mineral nutriedésived from organic matter.

4.0 Conclusion

In the first unit of this course, you have learnimg of the various definitions of soil as
perceived by different disciplines. You have atgen the key role pedologist plays in the
study of soil and how he has to fall back on otfisciplines in order to make him/her
achieve the set objectives. Finally, you havenkan this unit, five functions of soil.
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5.0 Summary

This unit has made it possible for you to defing somany ways. However, the definition
that appears to be most popular considers theasal medium or stuff in which plants grow.
Similarly, you have considered five interest of gezlologist and five functions of soil. The
next unit will make you know what a lump of soilnsde of.

6.0 Tutor Marked Assignments

1. Give four definitions of soil and state theirgom.

2. Enumerate the functions of soi.

7.0 References and Other Resources

Brady, N. C. (1996)The Nature and Properties of Soilslacmillan, New York.

Faniran, A. and Areola, O. (1978Essentials of Soil Studydeinemann, Ibadan.

Jeje, L. K.; Ekanade, O. and Osunde, M.A.A. (1996Jan’s Environmental Relations.
Macmillan Nigeria Publisher Ltd., Lagos and Ibadan.
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1.0 Introduction

You can easily recall what definitions and functioof soil are. But you are yet to know
what constituents the soil contains. That is vihiat unit will do. That is, if you hold a lump
of soil you will know what it is made of. Do you éw that soil contains air and water at any
point in time? You also have a realize that thi lsonp has mineral matter and organic
matter. In essence, in Unit 2, you will learn loé four constituents of soil which are mineral
matter, organic matter, soil air and soil water.

2.0 Objectives

At the end of this unit, you should be able to:
* name the components of soil,
» know the percentage of each of them,
» learn that while two of them are variable, the otie are invariable, and
* know the constituents and functions of each compbone

3.0 Main Contents

3.1 General Background

Most soils have four main constituents. They arearadl matter, organic matter, soil air and
soil water. The percentage of mineral matter inshiéin 45% while that of organic matter is
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5%. However, soil air and soil water each has %290 you notice the percentages of soil
air and soil water having * signs? This is andaton that they vary according to seasons of
the year. This is the reasons why they are redgaaderariable constituents, whereas mineral
matter and organic matter arevariable constituents. Fig. 2.1 illustrates the constitaef
soil.

Mineral
matter 45%

Soil Air Soil
+ 25%

Fig. 2.1: Constituents of Soill

3.2 Mineral Matter

Mineral matter includes all inorganic substancesthie soil. These include the rock
fragments made up of sand, silt and clay fractargthe primary and secondary minerals.

Sand, silt and clay fractions form the texturelo# soil. Of all these, clay fractions are the
most important. This is because they consist of senall platy-structure mineral fragments
which can only be identified by the use of electroicroscope. You should also note that
clay particles are also chemically active.

The primary and secondary minerals in the mineiaten of the soil are regarded as silicate
minerals divided into macro and micro nutrients.

Macro-nutrientsare made of metallic cautions such as calcium,n@sigm, potassium and
sodium, and the non-metallic elements such asgetr@and phosphorus.

Micro-nutrientsare also known as trace elements because theysaadly present in the soil
in only minutes quantities. Examples of micro-rerits are boron, copper, zinc, manganese,
cobalt, chlorine, molybdenum and vanadium.
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3.3  Organic Matter

You will recall that organic matter is said to b&o%of the soil by weight. It is an
accumulation of partially decayed and partiallythgsized organic residues. Therefore, the
material making up organic matter is continuallyinige broken down by soil micro-
organisms.

Although the organic matter of a soil is small, ituence on other soil properties is far
greater than the low percentage would indicatee Géneficial effects of soil organic matter
include.

* Functioning as a granulator of the mineral parsiédad contributes to soil aggregation
thus improving physical properties and reducingen process;

* Modifying water retention properties especiallysendy soils thereby increasing the
amount of water a soil can hold;

» Supplying most of the nitrogen and sulphur and ppnsource of phosophorus.

» Supplying most of the cation exchange capacitycafia and highly weathered soils;

* Forming complexes with micro-nutrients which prewvéne leaching and

* Being the main source of energy for soil mirco-oigens.

From the above, you could see that we can conc¢hatenithout organic matter constituents,
biochemical activities would practically come tstandstill in any soil.
3.4  Soil Air

Now we can now turn to considering the variablestituents of soil. The first we will
consider is soil air.

Soil air is regarded as the soil atmosphere fronerehorganisms obtain oxygen for
metabolism their and for the disposal of carboxidi® and other obnoxious gases.

Soil air varies in accordance with the rate at Wwhacganisms take up oxygen and deposit
carbon dioxide; and the rate it is replenished ftbenatmosphere.

It is, however, necessary to note that the cordgedtcomposition of soil air is determined, to
a large extent, by the soil-water relationships.

Finally, the tendency for rapid changes in soilhais marked effect not only on the growth of
economic plants but also on other organisms thatifi the soils.
3.5 Soil Water

Soil water is the second soil constituent thatasable. Do you know the main source of soil
water? It is water from precipitation i.e. rainpsvfall, and hail.

There are three types of soil water. These are:
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(1) hygroscopic or absorbed water,
(i) percolation or gravitational water, and
(i)  capillary water.

Let us now consider what each of these types dtand soil.

Hygroscopic water is inn from of ions held by soil particles throughe process of
adsorption. This type of water is very small iragtity and is not usually available to plant
roots.

Percolation wateris only available in soil when there is a surpketer. It moves through
the soil as a result of gravitational attractiohisTtype of water moves very fast in the soll
and because of this it is not available to plaftence, it is hardly of any important to plants.

Capillary water is that soil drawn up through the fine interstic@sich from capillaries
between soil particles. Capillary water is bettesigined as being analogous to the spreading
of water in a blotting paper. Hence, the interauiimg soil vesicles make the water spread
easily through the pores. It is the only soil waket is readily available to plants.

You need to also know that the rate at which waiaks through the soil, known as
infiltration capacity and permeability depends dre ttexture, structure and the initial
moisture content in the soil.

4.0 Conclusion

In this second unit of our course, you have letiratconstituents of soil. You now know that
when you hold a lump of soil, it has four constiitee These are mineral matter, organic
matter, soil air and soil water. You also knowtttiee first two are invariable while the last
two are variable, depending on the season. Amioeget constituents, organic matter has the
least percentage (5%) but from what we have learatknow that it is very important as its
affects other soil constituents and propertiesarsmall way.

We also learnt that mineral matter consists ofitleeganic substances in the soil such as rock
fragments (texture) and the primary (macro-nutggnand secondary mineral (micro-
nutrients). This unit also shows the importandeaoand soil water.

5.0 Summary

This unit has clearly indicated to you that minaratter, organic matter, soil air and soil

water are the constituents of soil. While mineraitter is 45% of the soil, organic matter is

5% while soil air and soil water are £25% each.n&al matter is made up mainly of texture

and nutrients while organic matter is the synthe$iglant and animal tissues. You are also
made to know that soil air is the soil atmosphehens metabolism of soil organisms occurs.
It is also shown in this unit that soil water afetoee types of hygroscopic, percolation and
capillary water.
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6.0 Tutor Marked Assignments

(1) with a well-labelled diagram, show the consitts of soil

(i)  what is soil organic matter? What are its &S in the soil?

(i) List and discuss soil water type.

7.0 References and Other Resources

Brady, N. C. (1996).The Nature and Properties of Soilslacmillan, New York.

Cruickshank, J.G. (197250il Geography.David and Charles, Newton Abbot.

Faniran, A. and Areola, O. (197&ssentials of Soil Studydeinemann, Ibadan.
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1.0 Introduction

Now that we have known the general constituensof we need to go into greater details as
to what properties those constituents are made Tdfe properties of soil can be broadly
divided into physical and chemical domains. Irsthnit, you will learn about the physical
properties of soil. Soil physical properties drese you can see with your eyes and feel with
your fingers. You are going to learn about soikuee, soil structure, soil colour, soil depth,
soil temperature and the profile.

2.0 Objectives

At the end of this unit, you should be able to:

* Know what the textural properties of soil are,

* ldentify different types of soil structure,

» Distinguish soils of different colours,

» Appreciate the role of temperature in soil bio-chehprocesses,
* Recognize different layers of a soil profile.

11
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3.0 Main Contents

3.1 General Background

There are many properties of soil that are usuadlysidered in the scientific study of soil.
You will recollect that we mentioned that those awil properties are either physical or
chemical. We will now consider the most common pbisical properties in this unit. These
will include texture, structure, colour, depth, fleand temperature.

3.2 Soil Texture

Soil texture refers to the degree of coarsenessfiardess of the soil material. In some

textbooks and publications, it is also referreésagparticle size composition of the soil. The
soil texture is commonly described in terms of patages of sand, silt and clay grades. Soill
texture can be roughly determined by the ‘feeltlod finger. It is usually represented as a
triangle in which 22 textural grades are identifiesing combinations of sand, silt and clay
grades (fig....) Note that the soil structure igyvenportant because it influences soil

properties such as porosity, permeability, striecand consistence.

3.3  Soll Structure

You can consider soil structure

Either: as the various arrangements of the primad/secondary soil particles.

Or: as the aggregation of the units of the sogsriato various shapes and sizes.

Note that individual aggregates or structures atled peds. When aggregation is absent , as
in loose sand, soil is said to be structureless.

Soil is structure is usually described in thesed¢hways:

» types of ped,
* size of ped, and
» strength or resistance of ped.

The types of structure are defined by their shapéhey are granular, crumbly, platy,
columnar, prismatic and blocky (Fig....). Soil stiures are described as fine, medium or
coarse depending on their sizes. Soil structurag afso be graded as structureless, weak,
moderate or strong, depending on how well formedirayw resistant to pressure they are.

You remember it was said that textural classesjaamtifiable. In the case of structure it is
not so. Although solil structure is difficult to tdemine quantitatively, it has significant
implication on soil fertility. A good soil struate is depicted by high water holding and
aeration capacities. In essence having good steietill facilitate the activities of micro-
organisms and make soils to be loose, friable asg o cultivate.

12
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3.4  Soil Colour

Colour is the most conspicuous property of soil t@s been used widely to describe and
classify it. In identifying soil colour, the ternused ar@lark, bright and light.

You need to know that two main substances prodotmicin soils. These are the organic
matter and mineral matter. In general, organictenaespecially humus, produces the dark
colour while mineral matter produces the light dmight colours depending on their states of
weathering.

Soil colour is usually determined in the field bging some kind of colour system. The most
widely used colour system is thatMftinsell Colour Chart. Soil colour charts are indicated
in hue, value and chroma.

The advantage of colour charts is mainly to bribgud some objectivity into soil colour
determination and enhance comparability.

3.5 Soil Temperature

Soil temperature is the degree of coldness or Betié the soil. It is another important
property of the soil as it regulates, to a largeesmt, the rate and intensity of the biochemical
processes of soil formation. Therefore, when taatpee is high biochemical processes will
be rapid but when the temperature is low, biochahicocesses will be slow. Similarly,
when soil temperature is high micro-organic adegitare very active whereas when soill
temperature is very low, micro-organic activitige almost non-existent. The result of the
latter is that soil organic matter is hardly broldawn to become humus such as in the cold
regions of the world.

It is also necessary to know that the nature okthesurface considerably affects the amount
of solar energy absorbed by the soil. Dark sodsegally absorbs more solar energy than
light-coloured soils, while sols with a smooth suwé reflect more radiation than those with a
rough surface.

3.6  Soll Profile

Soil profile is the arrangement of soil in diffetdayers right from the top to the base where
the parent rock or parent material is found. Bager of the soil profile is called horizon.

How do we distinguish one soil horizon from anothelt is by noting the characteristics of
each horizon. These are indicated through vangrtyre, structure, colour and constituents.

The ideal soil profile consists of three major korns viz: A, B, and C. The A horizon is the
topmost layer, where leaching or eluviations ofssabces takes place. This is followed by B
horizon which is a one of accumulation or illuvaatiof substances. It is, therefore, referred
to as a zone of enrichment. The last horizonasGhorizon. It is a zone that is not so much
affected by soil forming processes. It is the paillent material. (see Fig.....)

13
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It is necessary to indicate that not all soils haedl developed horizons such as soils that are
developing on young parent materials like alludat glacial deposits. Some of them may
not have any horizon at all.

3.7  Soil Depth

Soil depth refers to how deep a soil profile i$.isimainly dependent on the nature of soil
parent material, rate of weathering processes &ed majority of the soil-forming or
pedological processes. Soil depth may also depeanithe nature of topography and slope.
For example, soils of flat surfaces especially va#sily weatherable materials will be quite
deep whereas soils on sleep slopes will be shallow.

5.0 Summary

Unit 3 has looked at some important physical prigerof soil namely soil texture, soil
structure, soil colour, soil temperature, soil peofind soil depth. While soil texture is the
degree of coarseness and fineness of the soil imlatyil structure refers to the aggregation
of the units of the soil mass into various shapessazes known as peds. Soil structure could
be granular, crumbly, platy, columnar, prismatid diocky while soil texture is usually
described in terms of sand, silt and clay percesgtagThe latter are combined to give 12
textural grades of soils in the soil textural tgn You have to remember that the most
conspicuous property of soil is colour and that Mhensell Colour Chart is mostly used to
identify soil colours usually indicated in hue, waland chroma. Soil temperature largely
regulates the rate and the intensity of the biavibal processes of soil formation and also
controls micro-organic activities in the soils.

Since soil is formed over time, it is observed ttiffierent layers are seen as we dig the soil
down the surface. This is called soil profile ariaon. You should not forget that there are
A, B, and C soil horizons. Remember also thatAhgorizon is the elluviation layer while
the B horizon is the layer of illuviation. That shile substances are removed in the A
horizon, they are deposited in the B horizon. Thhorizon is the parent materials. Quite
related to the soil profile is soil depth. It isfohed in terms of how deep or shallow a soil
profile is. While soils found on flat surfaces arsually deep, those on sleep slopes are
usually shallow.

6.0  Tutor Marked Assignments

» List two important attributes of soil texture amdde of soil structure.
* With a well annotated diagram, describe and ideilpsofile.

14
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1.0 Introduction

In unit 3, we considered the general charactesisticsoil physical properties. It is just in

order for us to look at the chemical propertiesaif in this unit. We can say that this unit
will look at the chemistry of soil. In contrast swil physical properties, soil chemical

properties cannot be seen with our eyes neithemeafeel them without fingers. Therefore

in unit 4, you will know about those soil propestihat cannot be physically seen or felt but
can be determined mainly in the laboratory fronh samnples collected from the field.

2.0 Objectives
At the end of this unit, you should be able to:

* ldentify major and minor chemical properties ofi soi

* Know the function(s) of identified soil chemicaloperties,

* Appreciate their usefulness to plants; and

* Learn that some of them are useful as componerdiseshical fertilizers.

3.1 Nature of Soil Chemical Properties
Soil chemical properties are sometimes referredstthe soil nutrients. These are nutrients
absorbed in solution by roots of plants. You nee&inow that soil chemical properties can

be broadly divided into two groups. The first gootonsists of those properties which are
required by plants in large amounts. They includseatially soil reaction nitrogen,

16
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phosphorus, sodium, potassium, magnesium and palcCilnese are generally known as
macro-nutrients. The second group is made of mitrieequired by plants in only small
guantities, and comprises a wide range of elensrmtis as born copper, iron, zinc manganese
aluminium and molybdenum. This group is generadlfierred to as micro-nutrients or as
trace elements.

3.2 Soil Reaction

One of the most important chemical properties efgbil is its reaction. Soil reaction refers
to the acidity or alkalinity of the soil. Do youn&w why soil reaction is so important? It is
because
» Itinfluences many of the other chemical properties
* It largely determines the chemical environment ihich plants and soil micro-
organisms live.

Soil acidity refers to a situation in which soil solution passes a lot of hydrogen ions (H+)
more than hydroxyl ions (OH-).

Soil alkalinity, on the other hand, is when hydroxyl ions are ntba@ the hydrogen ions in
soil solution.

A third situation arises when soil solution hasegnal concentration of H+ and OH- ions. In
such a case we talk sbil neutrality

The exact relationship in any particular case drarily evaluated in terms of hydrogen ion
concentration which is usually expressed in terthplh. The pH value of a solution is
defined as the logarithm of the reciprocal of tigdriogen ion concentration.

The pH value ranges from 1 — 14. A soil is saidéoacidic when its pH is less than 7,
alkaline when it is above 7 and neutral when #.is

3.3  Nitrogen

Do you know that nitrogen was discovered by a &tofthysician named Daniel Rutherford
in 1772? Nitrogen is known to be the fifth mostiattant element in the universe and makes
up about 78% of the earth’s atmosphere it is Igrgel inert gas. Nitrogen is obtained from
liquefied air through the process known as fractiafistillation.

Soil nitrogen is a very useful element for cropduation. Its absence results in yellowish
colour of plants. However, nitrogen is a major poment of NPK fertilizer. It is to be noted
that the largest use of nitrogen is for the producbf ammonia (NH3). Usually large of
amounts of nitrogen are combined with hydrogenrtalpce ammonia.

17
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3.4  Phosphorus

Do you know that phosphorus was discovered befomgen? While nitrogen was
discovered in 1772, phosphorus was discovered &® 1 Hennig brand who prepared it
from urine.

Phosphorus is never found free in nature but widdgributed in combination with minerals.
Hence it has a geologic pool. The presence ofgitarsis in adequate amount in soil is also
crucial to crop production. It also forms a magomponent of NPK fertilizers.

Phosphorus is also important in the productionteéls, phosphor bronze and many other
products. Finally, is an essential ingredientlb€all protoplasm, nervous tissues and bones.

3.5 Exchangeable Cations

Exchangeable cations are also referred to as meetations. They are derived from the
rocks and they include calcium, magnesium, potassind sodium.

Calcium is the chief exchangeable base in the sdilis derived mainly from calcium
carbonate and to some extent from calcium sulphieabundance in the soil appears to be
the main determinant of soil reaction and nutrigtattus. However, the major problem of
calcium is that it is easily leached and washedyawedrainage water.

Magnesium follows calcium in its abundance as athargeable base in the soil. It is an
essential element for plant growth. It is derivedinly from forromagnesian rock-forming
minerals such as olivine, hornblende and pyroxene.

Potassium is formed from silicate minerals suclordisoclase and potash micas. Potassium
exists in two forms in the soil viz, the readilyaglable another relatively unavailable forms.
The readily available potassium is found in the soiution. Potassium is an important of the
NPK fertilizer.

Sodium is in the family of exchangeable base btitanmajor cation. This is because it is the
least common of the metallic cations in soils. Ideer, it is quite an important element in
alkali soils found in arid areas of the world.

3.6 Micro-nutrients

Can you remember what we said about micro-nutrferid® you remember that they are soil
elements required in small quantities but crumatrop production? They are many but let
us briefly see three of them.

Boron is one of the simplest of atoms found in aeig of minerals related to borax. Itis a

relatively rare element in the earth’s crust repnéimg only 0.001%. It was discovered by
Davy, Gay-Lassac and Thenard in 1808.

18
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Boron is necessary in small amounts for plant gnowth larger amounts it is poisonous to
plants and the range can be small. If the signdasbn deficiency supplement can be
applied.

Copper as a micro-nutrient in the soil is strongtiached to organic matter. As a result it
does not travel very far after release into théamwd it hardly enters groundwater. Too much
of copper causes toxity which is dangerous to tsoih flora and fauna lives. Copper can
interrupt the activity of micro-organisms and eahms in soil negatively. This may
seriously slow down the decomposition of organidtera

Zinc is another one of the most common elementthénearth’s crust and is soil micro-
nutrient. The level of zinc in soil increases naifmtom disposal of zinc wastes from metal
manufacturing industries and coal ash from eleattilities. If there is zinc deficiency in
soil, a supplement is usually applied.

4.0 Conclusion

This unit has briefly shown the important charasters and functions of soil chemical
properties. These soil chemical properties inclpHeor soil reaction, nitrogen, phosphorus,
exchangeable cations (i.e. calcium, magnesiumspita and sodium) and micro-nutrients
(e.g. boron, copper, zinc, iron, molybdenum, maegah You have seen that all these
chemical properties of soil serve on purpose owother to make the soil what it is. Note that
soil pH influences other soil chemical propertidsilev nitrogen, phosphorus and potassium
are components of chemical fertilizers that reiatathe soil.

Remember that exchangeable cations of calcium, esgm, potassium and sodium act as
nutrient bases for soil. Finally, micro-nutrients &race elements that are needed by plants in
small quantities.

5.0 Summary

In unit 4, we have studied the soil chemical prapsr Those properties considered include
pH, nitrogen, phosphorus, exchangeable cationscigza] magnesium, potassium and
sodium) and micro-nutrients such as boron, coppdrzanc.

Soil pH measures how acidic or alkaline a soil\ghen pH value is less than 7, it is said to
be acidic, when it is more than 7 it is alkaling beutral when it is 7, the pH range is 1 to 14.

You remember it is Rutherford who discovered nigmogn 1772!!! Nitrogen makes up 78%
of the grasses in the atmosphere. It determineggtienness of plants and it is a major
component of NPK fertilizer.

Could you recollect that phosphorus was discoveeddre nitrogen and that was in 1669 by
Hennig Brand? Phosphorus is of geologic pool dad an important component of NPK
fertilizer.

Exchangeable cations are also known as metalliorsat These are calcium, magnesium,
potassium and sodium. Generally, they act as mitagses in soil. Calcium is easily leached

19
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and washed away by water while readily availabléaggium is found in soil solution.
Magnesium is next in abundance to calcium whileiwsadis the least common of all the
metallic cations. Potassium is also importantt®mclusion in the NPK fertilizer.
Micro-nutrients are also known as trace elementsthay are needed in minute qualities by
plants. If they are absent, plants may suffertheir supplements are available. Exampels of

these are boron, copper and zinc. One commonréafumicro-nutrients is that they are
found mainly in earth’s crust.

6.0 Tutor Marked Assignments

1. List five important characteristics of soil pH.
2. What do you know about exchangeable cations.

7.0 References and Other Resources

Brady, N. C. (1996).The Nature and Properties of SoilMacmillan, New York.

Faniran, A. and Areola, O. (1978Essentials of Soil StudyHeinemann, Ibadan.
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UNIT 5: FACTORS OF SOIL FORMATION
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1.0 Introduction

Do you know that the lump of soil you hold does rexult from weather rocks alone? In
this unit, you will find out that five factors havseen identified as being crucial to soll
formation. These factors play different roles take it possible for us to have soil. As you
will see later, to get a mature soil takes time @nd also depends on the type of parent
material and the relief. Furthermore, the organatter of the soil environment and the
climatic conditions are all important. Can youaguize the five factors none? If you can,
you have done well, if you cannot, just go on aad will soon master them.

2.0 Objectives
At the end of this unit you will be expected to:
» Identify the active and passive factors of soihiation,
* Solve the soil forming equation;
» Appreciate the overriding role of climate in sakiation,
* Learn about how organisms affect soil formation,
» Learn about the passive factors and their coniohatin soil formation.

3.1 The Make-up of Soil Forming Factors

You probably have the idea that soil derived frdra tesidual inorganic material resulting
from the physical disintegration and chemical degosition of the crust. However, not all
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weathered rocks become soil. It is therefore, sy to know that certain factors act
together to make soil formation possible.

The soil forming factors are classified into actare passive factors. Those active factors are
climate and organisms while the passive ones dief,rparent material and time. Do you
know that an American soil scientist, Jenny (194ahctionally related the soil forming
factors into an equation? Here is it:

S=fU,O,R, P, T i (1)
where S is soil property

0 is organisms

R is relief

P is parent material

T is time

3.2 Climate

Climate is an active factor of soil formation. ®hgh its component elements of
temperature, precipitation, humidity and wind, d&ien is generally regarded as the most
important factor in soil formation. This is becawdimate plays both a direct and an indirect
role in soil formation. What are those functiohattmake climate a major foremost soil
forming factor? Some of these are:

* Promotion of the production of soil water and sedrmth which constitute the most
important agents of soil formation;

» Association of world’s soil types in broad termghwilimate types

» Determination of the rate of organic matter decositjpm,

* Responsibility for the richness, sparseness orrajesef vegetative cover which, in
turn, affects the total nature of soil.

Indeed, we can seen that climate is almost everytfor soil. This is why it is termed an
active factor as it supplies the energy that theldeck material needs to come alive.

3.3 Organisms

Organisms or biological activities are made up othbplants and animals. These also
contribute to the formation of soils actively. Hewer, plants play a greater role.

The role of organisms in soil formation is bothedir and indirect. When organic materials
decompose in the soil it produces organic acidsltirectly intensify pedogenic processes.
Soil fauna (animals) especially bacteria, wormsniees and man also participate directly in
many ways in soil formation.

The indirect role of organisms takes many formeor example, tree roots extend the depth
of soil profile while vegetation influences the oggon of climatic elements particularly
precipitation and temperature by creating a micrevrenment. It is also known that most
processes of soil formation such as humificatiod amineralization are all closely linked
with biological activities.
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3.4 Relief

Relief affects soil formation through altitude, géoand aspect.

Altitude usually creates microclimate e.g. where altitiglbigh temperature is low thereby
encouraging physical weathering to predominatethis case soil will be coarse and stony
and may remain immature and skeletal for a verg lome. Altitude may also cause orog
raphic rainfall whereby the windward side is weativéh deeper soil than the leeward side
with shallower soil.

Slope affects depth of soil. The higher the relief, 8teeper the slop is likely to be. This
affects the rate of materials movement from th@eloUsually depth of soil is thin where
slope is steep and deep where slope is gentle.

Aspectis a facet of relief that influences soil formatim higher latitudes. Usually, slope
facing the sun receives more isolation and areetber warmer and drier than the slope not
facing the sun. It should be noted that aspeesjgcially important in high-latitude regions.
It is therefore found in the northern hemisphera the south-facing slopes receive greater
isolation leading to the formation of deeper soifs such slopes than on their north-facing
counterparts. Invariably, this explains why vegetaon the south-facing slopes is luxuriant
while that of the north-facing slope is sparsehienorthern hemisphere.

3.5 Parent Material

Parent material may be regarded as rocks from whails are formed. There are two
categories.In situ materials are those on the original spot. Thahey are not moved, such
as igneous, sedimentary and metamorphic rocks.

Deposited materials are those that have been etoalesported to where they become soils.
Examples include alluvial, colluvial, aeolian, mainic and littoral materials.

Most of the inorganic fractions of the soil are abed from the parent material which are

always released by weathering. Parent materialstlyndetermine the textural classes and
also that the type of inorganic fractions foundaimy soil depends on its character. In
essence, acid rocks often yield a large amountaftg fragments whereas basic rocks often
yield clayey substances. In the cases of depositattrials soils developed on them are
usually sandy with the exception of alluvial maaési However, the influence of parent

material may no longer be visible on very maturiésso

3.6 Time

Time is a factor soil formation occupies a spepmagition. This is because not only do the
processes of soil formation operate in a tempaeahéwork but that the other factors also
change through time both in themselves and in tieétionships. Therefore, it is known that
the formation of a mature soil requires a lot of@iwhich also depends on the type of rocks
on which such a solil is being formed. For examplemay take over 1000 years for 3cm of
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granitic rock to become soil whereas a 3cm soitliéas been known to have been formed
on a volcanic eruption made up of ash in less 8tapears.

4.0 Conclusion

The factors of soil formation are considered insthinit. These factors are climate,
organisms, relief, parent material and time. Theskeforming factors are usually grouped
into active and passive factors. Climate and asga® constitute the active factors while
relief, parent material and time are the passiceofa.

The major climate element influencing soil formatiare temperature and rainfall. Studies
have show a high correspondence between soil amétel maps of the world. Organisms
include plants and animals i.e. living things. Téese actually responsible for the living
entity of the soil.

The location of soil is also important and is degaicby relief in respect of altitude, slope and
aspect. Parent material is the rock from which mineral matter is formed after it has been
weathered. The formation of soil is a long and clexprocess so it could take a long time
before a weathered material becomes soil. Thighig time is also a crucial factor of soil
formation.

5.0 Summary

In unit 5, we consider the factors of soil formatid@here are five factors which Jenny (1941)
has put into an equation thus:

S=fU,O,R,P,T)
where S is soil property
U is cliamate

0 is organisms

R is relief

P is parent material

T is time

These factors are grouped into active and passive first two, climate and organisms are
regarded as active factors while relief, parentemait and time are passive factors. We can
call the active factors as the life wire of soifhey give it the living entity. While climate
especially through its elements of temperature ranafall, provides warmth and moisture,
water organisms i.e. directly influence decompogitbf organic matter apart from their
indirect influence on soil processes. The lattaynmclude, for example, the extension of the
depth of soil profile by three roots. It is alsoted that the influence of climate on soil
formation is so high to the extent that world’sl sgpes are closely associated with world’s
climate types e.g. lateritic soils are found mostlyhe tropics irrespective of their location.

Relief affects soil formation through altitude whicreates microclimate which can affect the

soil e.g. where altitude is high soil may be coaséd stony. Another way relief affects soil
formation is through slope whereby soil depth feetkd e.g. where slope is steep, there is
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thin soil whereas where slope is gentle, thereespdsoil. Aspect is the third way relief
affects soil formation. It is all about areas facor backing the sun.

Parent materials are of two types wir situ and deposited materials, and most of the
inorganic fractions of the soil are derived fronegh. The character of the parent material
determines whether a soil is acidic or basic.

Time is important in soil formation because thenfation of a mature soil requires a long
time. Besides, the, type of rock on which sob&ng formed also has temporal dimension.
While granitic rock may take a very long time tanfosoil volcanic materials may take a
short time.

6.0  Tutor Marked Assignments

=

List and group the soil forming factors.
2. Discuss climate and parent material as factbssibformation.
7.0 References and Other Resources

Jeje, L. K.; Ekanade, O. and Osunade, M.AA., (I093an’s Environmental Relations.
Macmillan Nigeria Publisher Ltd., Lagos and Ibadan.

Jenny, H. (1941)Factors of Soil FormationMcGraw-Hill, New York.

Paton, T.R. (1978)'he Formation of Soil MaterialGeorge Allen & Unwin, London.

25



ESM 234 SOIL RESOURCE

UNIT 6: SIMPLE PROCESSES OF SOIL FORMATION

Table of Contents

1.0 Introduction

2.0  Objectives

3.0 Main Contents
3.1  Type of Soil Forming Processes
3.2  Simple Processes — Physical and Chemical
3.3  Simple Process — Biological
3.4 Biological — Humification
3.5 Biological Processes — Mineralisation
3.6 Biological Processes - Others

4.0 Conclusion

5.0 Summary

6.0  Tutor's Marked Assignments

7.0 References and Other Resources

1.0 Introduction

The factors of soil formation were considered intUn However, apart from these factors
there are certain processes of soil formationtdiet place before we can talk of soil. These
processes act both singly and collectively togetbemodify the inorganic rock debris in
order to produce soil. There are two types of @sses of soil formation. They are the
simple and the complex types. In this unit, wel wibnsider simple processes of soil
formation. These simple processes are noted nigt fon their simplicity, but also for
operating in specific parts of the soil profile.hély refer to the physical, chemical and
biological processes which make the soil. A nundfethe physical and chemical reactions
pertain mainly to rock weathering and the synthedi:miew, secondary minerals such as
solution, hydration and reduction. A number of oth@lso pertain specifically to soil
formation and horizon differentiation e.g. leachietuviations, illuviation and precipitation.
Besides all these, biological processes, such mmfication, mineralization, ammonification,
nitrification and denitrification are crucial todlpedogenic process.

2.0 Objectives
At the end of Unit 6, you will be expected to:
* Know the types of simple processes of soil formmgtio

» Differentiate the different types of the simple ggeses of soil formation and
» Identify different components of simple processiesod formation.
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3.1 Types of Soil Forming Processes

Soil forming processes are processes which act bwoihly and collectively to modify
saprolite i.e. the inorganic rock debris, to prastize living soil. There are two types of saill
forming processes. They are

» Simple processes of soil formation, and

o Complex processes of soil formation.

While simple processes of soil formation involvsiagle process, complex processes of soil
formation involve a number of combined simple pssEs. Some simple soil forming
processes include leaching, eluviations, illuviatibumification and mineralization, while
examples of complex processes of soil formation &teritisation, podsolization,
calcification, salinisation and gleisation.

Simple processes — Physical and Chemical

Three processes will be discussed here. They emehing, eluviations and illuviation.
Leaching is the removal, in solution, of constitiseinom the soil. Hence, it operates mainly
in humid environments but least affective in dreas. It is fundamental to all the more
complex soil forming processes such as lateribsatpodsolisation and calcification. The
materials involved in the leaching process are ipaalts and carbonates that are the readily
soluble minerals. Leaching may involve the conel&iss of nutrients and other soil
materials from the soil profile. Excessive leaghiobs many soils of essential nutrients
which can only be extracted by plants in solublenf®i.e. the very form in which they are
leached from the soil. Do you know that leachimdpoth beneficial and destructive to soul?
For example, toxic substances to plants such asireochloride are leached. Leaching is
known to be the most important process of soil ftran especially with respect to horizon
differentiation.

Eluviation and llluviation are closely related teathing but not identical to it. Both
processes refer to the movement of soil materigbiation or in suspension from one place
to another within the soil. There two processesraie mainly in areas where these is an
excess of precipitation over evaporation.

Eluviation refers to translocation of mineral pelas colloids and soluble salts within the
soil. It may be vertical or lateral depending de direction of soil water movement. In
effect, horizons that lose materials through elores is referred to as eluvial horizons.

In relation to the soil profile, eluviations takelsce in the A horizon while illuviation takes

place in the B horizon.

3.3  Simple Processes — Biological

As stated earlier biological processes of soil fation include humification, mineralization,

ammonification, nitrification and denitrificatioNVhile humification and mineralisation will
be considered separately, the processes of amwetiof, nitrification and denitrification
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will be considered together. Since they are alinexted with the process of nitrogen fixation
and nitrogen cycling in the atmosphere.

3.4 Biological processes — Humification

Is the process by which organic matter is decongpased new organic complexes are
synthesized to form humus or the organic compoagtite soil.

Humification is believed to be the most importanigess of soil formation since without it
there cannot be any soil because it makes sailrgylentity.

The major factor controlling humification is clineat This is because it has been observed
that as climate changes from one type into another,ntensity of humification changes.
Therefore, while humification process is rapidhe tumid tropics and sub-humid tropics, it
is of less intensity in the temperature regions @nd almost nil in the cold areas of the
world.

Apart from climate, the type of vegetation alsoeafé the humification process. Generally,
woody plants contain large quantities of ligningxes and resins which are highly resistant
to decomposition. They are also rich in tannins atiter acid-producing substances which
tend to subdue the activities of bacteria but siteufungus development. By contrast, in the
grasslands, humification process in intense atettigense of mineralization process. The
result is the accumulation or organic matter.

3.5 Biological Process - Mineralisation

Is the process whereby organic mineral elementkdrsoil organic matter are released and
converted into organic minerals. The process wva®ilthe decomposition of organic matter
to its fundamental components i.e. oxygen and ajhses, water and minerals.

The process takes place simultaneously with huatiba mainly in the Ao layer but also at

any other part of the soil profile where organictterais present. However, unlike

humification, which tends to increase the acid enhbf the humus complex, mineralization
tends to decrease the acid and increase the basmntof the soil, thus tending to make the
soil alkaline.

3.6 Biological Processes — Other

Biological processes, is indicated earlier, relaethe processes of nitrogen fixation and
nitrogen cycling in the biosphere. These relatextgssesre ammonification, nitrification
and denitrification.

It is known that the nitrogen content of most soéeges from 0.2 to 0.4 percent. It is also
known that the major part of this content is indtduorganic combination that is inaccessible
to plants.

You need to also know that the most important aspethe biological process, especially in
relation to soil fertility, is perhaps nitrogen ditkon by legumes. Nitrogen fixation is also
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known assymbiotic fixation In this situation, some legumes are able tcaektmitrogen from
the soil atmosphere and incorporate it into thgstesms. This nitrogen is made available to
other plants when the host plant dies and is pleddiack into the soll.

4.0 Conclusion

The simple processes of soil formation are examinethis Unit. As the name implies,

simple processes of soil involve simple procességlwmay be physical, chemical or

biological. Because of the close interaction betwéhe physical and chemical forms of
simple processes of soil formation, they are uguadhsidered together. Their components
are leaching, eluviations and illuviation Leaching is the removal of soil constituents in
solution. However, while eluviations is the trantgltion of mineral particles, colloids and
soluble salts within the soll, illuviation refers the deposition of colloids, soluble salts and
small mineral particles in the solil layer.

The biological form of simple processes of soinfiation deals with many processes that are
brought together under three healings of humifiegtmineralization and those processes that
fix nitrogen and make for its cycling. Humificatigefers to the process by which organic

matter is decomposed and new organic complexesyathesized to form humus whereas

mineralization is that process whereby organic mahelements in the soil organic matter are

released and converted into organic minerals. thing type of biological process relates to

nitrogen fixation and cycling in the biosphere. eTtrelated processes in this regard are
ammonification, nitrification and denitrification.

5.0 Summary

Unit 6 of this course treats the simple procesgesoib formation. It consists of physical,
chemical and biological forms.

The physical and chemical forms are treated undaching eluviations and illuviation
processes.Leachingis the removal, in solution of constituents frone tsoil. Therefore, it
operates mainly in the humid environments. Leaghm fundamental to the complex
processes of soil formation like lateritisation gmoddsolisation. Salts and carbonates are
mainly involved in the leaching process. It is Wwmothat leaching is both beneficial and
destructive. While leaching removes toxic substanglants, and is responsible for horizon
differentiation, it robs many soils of essentiatrrants needed by plants.

Eluviationis about the translocation of mineral particleglaids and soluble salts within the
soil either vertically or laterally depending oretdirection of soil water movement. But
illuviation is the deposition of materials removed in the i@lulorizon in another soil layer.

It is important to note that eluviations normakikeés place in the A horizon while illuviation
is found in the B horizon.

The biological process of soil formation is madedfighumification, mineralisation and the
related nitrogen fixation and cycling processeshim biosphereHumificationis the process
whereby organic matter is decomposed and new argamplexes are synthesized to form
humus. It is believed that without humificationopess there will not be soil because
humification maeks soil a living entity. Climatachthe nature of vegetation are important
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determining factors of the intensity of humificatio Humification process tends to increase
acidity level of soil. Mineralisation is defined as the process whereby organic mineral
elements in the soil organic matter are releasedcanverted into organic minerals. The
process involves the decomposition of organic mabtéts fundamental components such as
oxygen, and other gases, water and minerals. Mlisation however, tends to decrease
acidity level of soil thereby tending to make tlod alkaline.

The processes of ammonification, nitrification atehitrification are processes of nitrogen
fixation and cycling in the biosphere. Generalhg nitrogen content of soil ranges from 0.2
to 0.4 percent. This aspect of nitrogen fixatignidgumes is important to soil fertility and it
is known asymbiotic fixation.

6.0 Tutor Marked Assignments

=

Describe the process of leaching in the soilzioor
2. Compare and contrast humification and mineratimaprocesses as forms of soll
forming processes.

7.0 References and Other Resources

Gerrard, A.J. (198150ils and Landform$seorge Allen & Unwin, London.

Paton, T.R. (1978)The Formation of Soil Materialzeorge Allen & Unwin, London.
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1.0 Introduction

You will recall that there are two types of proassf soil formation. These are the simple
and complex processes of soil formation. In unith@ simple processes of soil formation
were considered. Therefore, in this unit, we wiinsider the complex processes of soll
formation.

Complex processes of soil formation are all distisged mainly on climatic basis but they
are by means mutually exclusive. It is necessarypdint out that boundaries of these
processes are not easy to established hence basdes arbitrary.

2.0 Objectives

At the end of this unit, you should be able to:
» Identify the complex processes of soil formation;
* Know the different climatic regions and environngergssociated with complex
processes of soil formation;
» Distinguish the basic characteristics of the compiecesses of soil formation.
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3.0 Main Contents

3.1 Forms of Complex Processes of Soil Formation

Do you remember that simple processes of soil foonainvolve single processes as
discussed in unit 6? This idea will lead us to fhet that complex processes of soil
formation involve a combination of a number of sienprocesses. The complex processes of
soil formation include lateritisation, podsolisatjccalcification, gleisation, salinisation and
solodisation. As pointed out either these procease not mutually exclusive.

3.2 Lateritisation Process

This is the process which forms laterites and ikesoils. They are also known as latosols,
oxisols and ferruginous tropical soils.

Lateritisation process operates mainly in the wéonhot humid regions particularly in the

equatorial, tropical and monsoon climates of theldvoIn these hot climates, vegetation is
luxuriant and this also helps lateritisation pra@cesAnother factor is topography. This is
particularly important in relation to the groundeasituation as well as to the depth of the
effective soil.

Some characteristics of lateritisation process are:

* Long and uninterrupted period of rock weathering anil formation result in deep
and intensely weathered parent material,

* Leaf fall from the luxuriant forest and its rapicahy keeps the basis in rapid
circulation between soil and vegetation;

* Mineralization of organic matter is complete ang@idawhile the intense chemical
weathering of rocks releases bases from the mifie@inents still remaining in the
soil;

» Alteration of the high-silicate clays (montmoriltmiand illite) into low-silicate days
such as kaolinite to a point where only a residtikamwlin, iron and aluminium
sesquioxides, in various degrees of hydration @Esssmall inclusions or impurities;

» Formation of a stratified or an unstratified saifie.

3.3 Podsolisation Process

Unlike lateritisation podsolisationprocess is prevalent in the cool humid areas ofp€os

C and D climates. The word podsolisation is defiyeom the Russian term “podsol”
meaning “ash underneath”. The process producesadtisols and the podsolic soils. In these
soils the profiles are distinct both in appearasuue in their physical and chemical properties.
It is for these reasons that the typical ideal padfile is the podsol because of the clear-cut
development of the horizons and parts thereofshdtuld also be noted that because of the
high acid content of the soil solution with a pHde of between 3 and 4, the leaching,
especially of the bases and soil colloids is muchenintense than in any other soil.

Some other characteristics of podsolisation are the
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* Presence of soluble bases (i.e. metallic catiortsgtware displaced from the soll
colloidal interfaces and removed from the solunglyundwater;

* Availability of aluminium and iron sesquioxides th@&ecome mobile and
susbsequently transported downward in the soil tmaking the A horizon
somewhat lighter in colour than it was previously;

* Tendency of inorganic clays to be peptised and ngpki to be susceptible to
dispersion and downward movement; and

» Tendency of an illuvial B horizon to develop at tteas a result of the deposition of
the susquioxides, lags, bases and humus which phyrmasults from reduction in
soil acidity.

3.4 Calcification Process

This process is characteristics of low-rainfallaaeespecially in the continental interiors.
As such it is characteristic of the grassland negjoincluding the savannas, but
especially the temperate grassland areas.

Other characteristics of calcification processude!:

* The formation of a calcic horizon usually withinet or C horizon, and a
mollic horizon or a soft friable surface horizomtaining a high percentage of
organic colloids, well saturated with calcium ions.

* The prevalence of lime in the soils thereby theg aollectively called
pedocals or soils of calcium;

» Some downward movement of solutions and mateiadisst place even though
leaching is not prominent;

* The net loss of soil water because evapotranspir&xceeds precipitation;

* The precipitation of ions in the order calcium andgnesium bicarbonates
followed by calcium sulphates, and

» The formation of a crust known as calcrete.

3.5 Gleisation Process

This process occurs in areas with impeded drainagditions. In effect gleying can occur in
any climate environment, i.e. within zonal soilthe presence of this process may be due to.
» topographic effects e.g. valley bottoms and swalopyrelief areas;
» geological influence e.g. poorly drained, clayeyss@and
* climate e.g. in the permafrost areas of the cagbres.

The soils formed under these conditions are groupgdther as hydromorphic soils. The
major characteristics of gleisation process are:
* mottling of soils especially where periodic dryitades place;
» the formation of an impervious horizon within thal rofile causing surface-water
gleying;
» the formation of an impervious horizon beneathdbi¢ profile causing groundwater

gleying;
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» the formation of homogeneously grey or grayish-e/sibils, and
» the production of mottles of rust-coloured ferriide making mottling a prominent
feature of most hydromorphic soils.

4.0 Conclusion

In this unit, you would have noticed that complexgesses of soil formation relate very
much to climatic conditions especially with the mént of rainfall. Hence, while
lateritisation is found in warm to hot humid tropical areas, mddstion process takes place
in cool humid areas of temperate regions. In @mef calcification process, it is found in
areas where rainfall is low especially in the coatital interiors. Although, gleisation
process could take place in any climatic environintlea role of rainfall is important before
we can have impeded drainage conditions.

5.0 Summary

You have been able to distinguish the simple anthptex processes of soil formation.
Specially, unit 7 deals with the complex processéssoil formation that involve a
combination of a number of simple processes. s timit four important soil formation
processes are considered. They are lateritisghmasolisation, calcification and gleisation.
It is also important to note that these processe Itertain distinguishing characteristics.
Some of the important ones include.

A long period of uninterrupted rock weathering wghil having deep weathered
parent material; mineralization of organic mattad a formation of a stratified or
unstratified soil profile in the case lateritisation process;

* A high aid content; leaching of the bases andmibids more than in any other soil;
availability of mobile aluminium and iron sesquid&s in the A horizon which are
subsequently transported and a clear-cut developaighe soil horizons in the case
of podsolisatiorprocess;

* The formation of a calcic and mollic horizons; mknce of line in the soils bringing
about pedocals; net loss of soil water; the preatipin of ions and the formation of
calcrete in the case of calcification process;

* The mottling of soils due to periodic drying; foriwa of impervious horizon beneath

the soil profile; formation of uniform grayish-whitsoils and production of rust-

coloured ferric oxide mottles denoting hydromorpltonditions in the case of
gleisationprocess.

6.0 Tutor's Marked Assignment

1. In a tabular form compare five characteristié¢slateritisation and podsolisation
processes of soil formation.

2. Discuss a soil formation process that is noessarily depend on climate.
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7.0 References and Other Resources
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Paton, T.R. (1978)The Formation of Soil MaterialGeorge Allen & Unwin, London.

35



ESM 234 SOIL RESOURCE

UNIT 8: MAJOR SOIL TYPES OF THE WORLD

Table of Contents

1.0 Introduction

2.0 Objectives

3.0 Main Contents
3.1 Main Types of Soil
3.2  Some Types of Zonal Soils
3.3 Some Types of Intra-zonal Soils
3.4  Some Types of Azonal Soils

4.0 Conclusion

5.0 Summary

6.0  Tutor's Marked Assignments

7.0 References and Other Resources

1.0 Introduction

Now that we are familiar with the factor and prasssof soil formation, we can now go onto
consider some major soil types of the world. lingportant to know that we cannot discuss
all the various soil types of the world. We cayaattempt to know some key ones. In that
respect we will consider soil types of the worlddanthree broad groups. These zoeal
intra-zonal and azonal soil types of the world. The recognization ofdbhesoil types was
based on genetic classification which we will dsstully in the next unit.

2.0 Objectives

At the end of this unit, you should be able to:
» List the major three soil types of the world basadjenetic classification;
» Distinguish some soils of the zonal types;

» ldentify the causes of intra-zonal soil types and
» Locate topographic conditions that bring about atsoil types.

30 Main Contents

3.1 Main Types of Soils

Three main types of soils have been recognizedgusia genetic approach. These soils
include the azonal, intrazonal and azonal types.
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Since climate exerts a lot of influence on weatiggrivater content and plant cover, the basis
of a broad analysis of major zonal soil types imatological. Naturally, these soils occur
most commonly on latitudinal zones. Zonal soilsuwanost commonly on gently undulating
land where drainage is relatively free and wherme plarent materials exerts little or no
influence on soil formation.

Intrazonal soil typesoccur where special conditions of relief or parematerial exert a
stronger influence on the soil than climate or vagen. These soil types depend on a
specific kind of parent rock; on the presence otimwater; or on a coastal habitat.

Azonal soil typeare without well-developed characteristics eithetause they are relatively
young or because the parent material and reliediions have prevented the development of
more definite characteristics.

3.2 Some Types of Zonal Soils
The zonal soil types we will consider here are tamqgbdsol, chernozem tropical soils.

Tundra soilsare found in very cold areas around the polar mastpere the subsoil is under
permafrost i.e. permanently frozen. The topsoffazen in winter but not in summer due to
melting. In summer, some vegetation colonisessthieespecially lichens, mosses, ferns and
worths.

Podsols are found mainly in Eurasia and North Aozewhere they develop on glacial drifts
where the land surface is covered by coniferousstsr Soil surface horizons contain pine
needles and cones and these decompose very sleadyide they are resinous. Leaching is
severe and the soil is very acidic.

Chernozem soilanderlie most of the temperate grasslands of trddvin places like central
Russia, Ukraine, Romania, Hungary, North Americaatés of North Dakota and Texas,
south eastern Australia and Argentina. Cherokés are very rich in humus and they occur
over a variety of bedrocks. Hence, they are highimnate-dependent. Areas covered by
chernozems constitute the great wheat lands ofvtinkel.

Tropical Soilsare very complex because they comprise a variespits known as latosols.
They are found within the tropics that experienicemost cases, alternate wet and dry
conditions. Furthermore, rocks are known to bephjeweathered giving rise to deep soil.
There are four main types of tropical soils. They ferralitic and ferruginous soils, ferrisols
and vertisols. Ferralitic soils are intensely weathered and leached duexposere to
pedological agencies over a long period of timehe Foils are brilliantly red, porous and
friable. They are associated with extremely oldastes up to the Tertiary Agd-erruginous
soils are reddish brown and are found mostly insiaanna and areas of monsoon climate.
Although weathering may not be quite deep, gras®rcprovides some amount of organic
matter content with a fairly large amount of humushis makes it more fertile than the
ferralitic soils and the ferrisolsFerrisols are also highly leached but weathered to great
depths. They are commonly found where the surfackable to constant erosion while
weathering goes on below/ertisolsare associated with depression with fine clayrsedis
and organic matter content making the soil rel&ivertile. Vertisols could expand and
contract because of high content of clay minerggeeially the montmorillonite group.

37



ESM 234 SOIL RESOURCE

3.3 Some Types of Intra-zonal Soils

Here, we will consider the saline, peat and caloas soils.Saline soilsare those in which
soluble salts are present in large quantity. Téreywidespread in areas of high evaporation
especially in deserts and in the cooler contineintakiors. The strong salt solution rises by
capillarity and usually forms a grayish surfacestrbelow which there is a granular salt-
impregnated horizon. Typical saline soils areexhiolonchaks However, solonetz soils
occur when there is a rather higher rainfall traild leach some of the surface salts thereby
making the B horizon highly saline.

Peat soilsare formed when soils are waterlogged, air isuglty absent, fen organisms are
found making bacteriological activity greatly reédc Instead of the chemical processes of
oxidation producing nitrates, carbon dioxide, salgls and ferric oxides, reduction takes
place forming ammonia, sulphates and ferrous oxitiésen soil forming processes are
allowed to act on an accumulation of peat, eitlyendtural changes such as increasing aridity
or by the work of man, notably drainage and deepigting, peat may form a rich organic
soil. Examples of peat soils afen-peat soils, meadow soils, bog-peat saiigl dry-peat
soils.

3.4 Some Types of Azonal Soils
The major azonal soils that will be consideredudel alluvial, marine and volcanic soils.

Alluvial soilsare derived from a mixture of sand, silt and ctagnsisting of well-mixed rock
wastes transported and re-deposited in beds byimgirwaater and replenished at times of
floods. Alluvial sols are good agricultural soilSome alluvial plains, especially those of
south-eastern Asia, form great areas of intensitévation and of dense population.

Marine soilsare derived from marine materials built up aloog-lying coasts in the form of
mud-banks, sand-banks and dunes by natural pracbassometimes stimulated by artificial
reclamation. In countries like Belgium, the Netards and Germany dykes are used for
draining the low-lying coasts producing varioudsdieveloped on marine clays. Such soils
are known as polders.

Volcanic soilsresult from the deposits of lava and ash prodigedolcanic activities. These

volcanic materials weather easily and are usuakwsported lower than the slope of
volcanoes by rain-wash and torrents. Around a vidcsite, the new higher lava forms bare
grey sheets while the lower weathered materialsimmensely fertile and are usually
cultivated.

4.0 Conclusion

We have briefly looked at the major soil types lo¢ tworld in this unit. You could have

observed that zonal soil types are closely asstiatth climate. Hence, they are commonly
found latitudinally i.e. whatever their parent maks may be, they are influenced by the
prevailing climate within the latitudes they areifiol. In the case of intra-zonal soils, climate
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plays only a little role while special conditiont relief or parent material exert a stronger
influence. Azonal soil types result from quite yguparent material and under relief
conditions that have not allowed the developmentedihite characteristics.

5.0 Summary

By now you should be able to grasp the fact thatetare three main soil types all over the
world. These are called zonal, intra-zonal andhaksoils.

As earlier stated, zonal soils are influenced ablptclimate notwithstanding their types of
parent materials. For instance, in very cold gre@shave tundra soils that are shallow with
their subsoil horizons under permafrost. Indeeddta soils have frozen topsoils in winter.
Podsols and chernozems are found in temperatenegidhile the former occur under forest,
the latter are found under temperate grasslandstlyl,. we have our own tropical soils which
are very complex. Their various types include férealitic and ferruginous soils, ferrisols

and vertisols.

For the intra-zonal soils there are saline, pedtaaicareous types. Saline soils have plenty
of soluble salts present in them and are mostiydon areas of high evaporation. Typical
types of saline salts are solonchaks and solorfeeat soils include fen-peat, bog-peat, dry-
peat and meadow soils. Calcareous soils are manbzina anderra rossatypes They are
formed on limestones and chalk as parent materllkiel rendzina soils are dark-colorued,
terra rossasoils are reddish in colour.

The major types of azonal soils are alluvial, marand volcanic soils. Both alluvial and
volcanic soils could be quite fertile hereby supipgr agricultural practices. However,
marine soils, found along low-lying coasts, mayyobé made cultivable through artificial
means such as dykes and reclamation.

6.0 Tutor's Marked Assignments

1. Describe the types of soils that are greatlgcéfd by climate
2. Select any two examples each from intra-zondl @onal soils and indicate their
differences.
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1.0 Introduction

In the last unit, we briefly looked at the majoil $gpes of the world. In the present unit, our
focus will be the traditional soil classificatoryssems. Do you know that soil classification
is a way of organizing soils in order to understahdir important attributes and the
relationships between the various attributes ohssmils? In fact, soil classification is an
attempt to introduce order into a chaotic situatimn complex and infinite variety of
differences of soil types both in space and in time

Generally, soil classification has been done bgraging them into assemblages according to
selected characteristics properties. There arerabways of classifying soils which relate to
each discipline such as agronomy, pedology, enginggegeography, geology etc. However,
no classificatory system is mutually exclusive nene stands alone.

2.0 Objectives

By the time you finish with this unit, you should Bble to:
» define soil classification
» identify the three types of the traditional sodsdificatory systems;
» distinguish the various methods used for the ti@uk classificatory systems of soils
and
» differentiate the various types of the traditiosail classificatory systems.
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3.1 Traditional Classification of Soils

As earlier indicate, soil classification could siepe defined as the arrangement of soils into
assemblages according to certain inherent charstateproperties of such soils. Through
these processes, their important attributes witl oxdy be known, the relationships among
the soil attributes will also be understood.

There are three main traditional classificatoryrapphes of soil worldwide. These are the
empirical or generic system, the morphological eystand the genetic system. In
subsequently sub-sections, each of them will baidened in some details.

3.2  Empirical classification of Soils

Do you recollect that empirical classification @ils is also known as generic classification
of soils? It is the oldest system of soil classifion in which the properties that appear to be
significant in the use of virgin soils for crop grihs are used.

Two major soil properties have been used in the WBiAsurveys. These are texture of the
topsoil and the type of parent material. The textof the topsoil has been used primarily
because the general ease of cultivating a soibbas closely related to it. Soil texture is also
perhaps the most important as far as soil fertditg productivity, including response to soil
treatment, are concerned. As for the parent natétris considered to be the determinant of
soil texture and, even soil structure, and so ady of the fertility of virgin soils.

In the empirical soil classificatory system, sontbeo observable properties of soil like
colour, depth, pH, nutrient content, base excharagacity, clay fractions etc. could also be
used for this system. For example, Australia hesessfully used soil colour in this regard.
It has been observed that empirical soil clasgiicabased on chemical properties of soils
such as pH and base content are very common iagitemomic literature.

Note that this early system of soil classificatisnstill being used particularly at the local
level such as series and soil type levels. Soiteseare usually distinguished on account of
profile characteristics. On the other hand, sgkt are distinguished by the surface textual
class such as silt, silt-loam, sandy loam and loam.

3.3  Morphological classification of Soils

Morphological classification of soils is the syst@émwhich the structure and development
processes of soil profile are considered. These Imeaypternal or external. The main aim of
this system is to infer genesis from profile chégstics. Morphological classification of
soils is mainly at the series level in which a nemdf similar soil types are grouped together.
This system also utilizes properties such as codmar texture. It is for this reason that this
system of soil classification is frequently mixeg with the empirical system of soil
classification.
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3.4  Genetic Classification of Soils

Genetic classification of soils is based on thatr@hship between soils and the climatic
characteristics. This classificatory system is e¢fme based on the idea that each soil has a
definite form and a structure that is relatabletoombination of soil forming factors which
are found in certain climatic zones. Important agh@oil forming factors are the parent
material, weathering processes, leaching and thenar matter supply. Indeed, apart from
the parent material, at the other factors are rmaptess climate controlled.

Local parent materials is important to the exteniparting certain soil characteristics like

the texture and the inherent chemical minerals.wéd@r, climate determines the rate of
weathering, leaching and the production of orgamatter supply and its decay. For instance,
it is known that leaching and eluviation processesk weathering and decay of organic
matter are more pronounced under moist, warm huwiindates than under dry climates.

Therefore, given the same parent material undéerdiit climatic zones, different types of

mature soils will likely evolve; and this is thedimand the sum total of zonal soil concept.

It is necessary to point out that the genetic dagsification was suggested by Dokuchaer, a
Russian soil scientist as far back as 1880. Ddwkere noticed that by moving from the polar
area to the equatorial area, the soils in the miffeclimatic zones vary, notwithstanding the
nature of the parent material. However, this d@sdory system has since been developed
by the European and American soil scientists.

4.0 Conclusion

We have attempted to look at the traditional staksificatory systems. Three traditional
systems of soil classification are identified. Theglude theempirical, the morphological
and the genetic systems. The oldest of thesersgstethe empirical or generic classificatory
system of soil. This system makes use of the ptiggeof soil that appear to be significant
especially soil texture and parent material. & ¢hse of morphological system, the structure
and the development processes of soil profile atally considered. Genetic classification
of soils is mainly related to climate.

5.0 Summary

In this unit, we have been able to define what dagsification is, and can easily mention the
three main traditional classificatory types i.e.pémgal, morphological and genetic types.
We have also identified the various methods usedidentify these traditional soil
classificatory systems.

Do you remember that empirical classification ofilssds the oldest system of soall
classification? Here, topsoil texture and pareatamal have been used mainly to achieve
this soil classification. Some attempts have &#lsen made to use some other observable
properties of soil such as colour, depth, claytices and pH.
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Genetic classificatory system of soils is basedaificlimate relationships. It is clear from
this classification that soil related so closelythe climate and that even given similar
prevent materials the evolving soil type will bephd by climate. This brings about the idea
of zonal soil concept. Note that it was DockucheavRussian soil scientist that first
suggested genetic soil classification.

6.0 Tutor's Marked Assignments
1. What do you understand by traditional soil afesgtion? Name three of them.

2. Write very concise notes on empirical and gengpes of soil classification.
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1.0 Introduction

Do you know that opinion is still widely divided amg pedologists and soil scientists as to
which of the traditional systems of soil classifioa is best to use? As a result of this, most
of the soil classification systems in use todayemafit to combine features of these
approaches. Hence, soils are common arrangediararchical order or in an upward and
integrative assemblage such as soil type, sokésemd soil order.

Therefore, in these units, we will consider how targanizations have evolved some soil

classification systems that are accepted to a largent. These are the United States
Department of Agriculture (USDA) and the Food argtiéulture (FOA).

2.0 Objectives
By the time you finishes with this unit, you sholle able to:
* Know how integrative systems of soil classificatame achieved;

» List some integrative systems of soil classificatio use nowadays;
» Distinguish the characteristics of two the intey@systems of soil classification soil.
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3.0 Main Contents

3.1 Integrative classification of Soils

As indicated earlier, integrative soil classificatisystems emerged as a result of differences
of opinion in the way traditional systems of solassifications were done. Integrative
classification of soils simply implies bringing t&ther some methods which will make
classification holistic other than segmental. rtegrative systems of soil classification, soils
type or soil series to soil order.

There are many available systems under the integrafiassification systems of soil.
Examples are the Seventh Approximation Soil Clasgibn USDA, the Australian Systems
of Soil Classification Systems in Europe and the BHICO/FAO System of Soil
Classification. In this unit, we will consider twotegrative classification systems that are
commonly used. These are the USDA and the FAGifileation systems.

3.2  Seventh Approximation Soil Classification

This soil classification system was developed bypldSn 1974. This system is based on the
morphological characteristics of the soil profiledaespecially on the recognition of certain
diagnostic horizons which reflect the dominant-$oiming processes and environments. It
is a system that adopts, to some extent, the pteiof zonal, intrazonal and azonal
grouping of soils. The names used in this classibn have classical language roots in
botany and zoology, utilizing Latin or Greek roatsrds as the bases for the names.

3.2.1 Advantages of th&eventh Approximation Soil Classification

The major advantages of the USDA’s classificatimnthat it
* Permits classification of soils rather than sorhfing processes.
* Focuses on the soil rather than related scienadsasiclimatology.
* Permits the classification of soils of unknown gasesince it is only the knowledge
for their properties that is needed.
* Permits greater uniformity of classification as lsggap by a large number of soil
researchers.

3.2.2. Twelve Soil Orders

In the Seventh Approximation Soil Classificatiohefte are six categories of classification.

They include order, suborder, Great group, Sub{gréamily and Series. While Order is the

broadest group, series is the most specific cayegor

In this study, we will concern ourselves with theler category. The order category is based

largely on morphology and a given Order includetssshose properties suggest that they
are not too dissimilar in their genesis. For exan@oils developed under grassland
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vegetation have the same general sequence of heraul are characterized by a thick, dark,
surface horizon that is high in bases and are gras Mollisol Order.

There are twelve Soil Orders in the Seventh Appnation Soil Classification of USDA.
They are now listed indicating their charactersts well.

Gelisols There are soils with permafrost within 2 metéghe surface.

Histosols These are soils with a surface organic layeatdéast 30 — 45cm thick.
Spodosols: They are acid forest soils with a subsurface medation of iron and aluminium
oxide.

Andisols: They are soils formed in volcanic ash.

Oxisols: These are soils that are intensely weatheredaamanostly found in tropical and
subtropical environments.

Vertisols: They are dark clayey soils that have high capdcishrink and swell.

Aridisols: They are soils of arid environments with substefaorizon development.
Ultisols: These are strongly leached soils with a subsurzace of clay accumulation and
less than 35% base saturation.

Mollisols: These are soils with dark brown to black surfacezbas possessing high base
status.

Alfisols: These are moderately leached soils with a subseirzone of silicate clay
accumulation and more than 35% base saturation.

Inceptisols: These are young soils with profile features the¢ weakly developed in
subsurface horizons.

Entisols: They are soils with little or no profile or mogdbgical development.

3.3 The FAO Soll Classification

The FAO developed what can be called a supra-ratiewil classification i.e. World Soil
Classification. This classification conveys usefaheralizations about the genesis of soils in
relation to the interactive effects of the mainl$oiming factors. It was first published in
form of the UNESCO Soil Map of the World in 1974aatscale of 1 to 5 million. It makes
class separations on the basis of diagnostic htgizo

The major criteria used include soil phases, textclasses and slope classes to arrive at 106
soil Units which are mapped as Soil Associationl Baits have been grouped on the basis
of generally accepted principles of soil formattorarrive at 26 World Classes.

The FAO soil map is far from being ideal but ittlee only truly international system,
incorporating Soil Units used all over the worlddanost soils can be accommodated on the
basis of their field descriptions. Therefore, yshould be aware that the FAO soil
classification is intended for classifying soilsaatontinental scale rather than at a local scale.

3.3.1 The FAO Soil Classes

As stated earlier, the FAO soil Classification gred world soils into 26 classes. These are
Cresols; and Soils; Arenosols; Cambisols; CherngzeRerrasols; Fluvisols; Gleysols;

Greyzems; Histosols; Kastanozems; Lithosols; Lusisdlitosols; Phaeozems; Planosols;
Podzols; Podzoluvisols; Rankers; Regosols; RendziSalonchaks; Solonetz; Vertisols;

Xerosols and Yermosols.
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4.0 Conclusion

In this unit, we have briefly considered how inginal classification of soils have been
done by various organizations the world over intilgdhe FAO which is an agency of the
United Nations Organization (UNO). These clasatin systems are referred to as
integrative as a result of upward and hierarchassemblage. In this study, the USDA'’s
Seventh Approximation Soil Classification that &® have been considered. While it can
be said that the Seventh Approximation classificathas twelve soil orders, the FAO
classification has 26 classes.

5.0 Summary

Our concern in this unit is the consideration aégrative soil classification systems. Two of
these systems are considered. They are thoseigid Btates Department of Agriculture and
the Food and Agriculture Organization. The USD&&venth Approximation Classification
system is based on morphology and possess somentagga such as permitting
classification of soils rather than soil formingopesses and greater uniformity of
classification by many soil scientists. | am syo@& remember that this classification system
has six categories with ti@@rder being the broadest one while tBeries is the most specific
category. You need to recollect too that therel@rsoil Orders.

The FAO Soil Classification is known to be a supational soil classification. You must not
forget that it was first published in 1974 as thBE$SCO Soil Map of the World and at a
scale of 1 to 5 million. Could you list the majoiteria used? Well, let me assist you here
for now. They are soil phases, textural classessope classes. There are 106 soil Units
mapped as Associations. From these 106 soil W#6t8Vorld Soil Classes are derived. Note

that the FAO soil classification is far from beirdgal but it is the only truly international
system.

6.0 Tutor's Marked Assignments
» List the advantages of the Seventh Approximatioih Gassification
* Write a short note on the FAO Soil Classificatiorsteém.
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1.0 Introduction

We have been talking about different aspects df $be aspect we start considering in this
unit is so important to mankind. Do you rememlbext soil is regarded as a resource? And
that when it is injudiciously used, soil is robbefdits fertility. The major process that robs

soil of its fertility quickly is soil erosion. Thefore, we are going to see what erosion is, its
types and its agents. We will also attempt to iatiche factors of soil erosion.

2.0 Objectives

At the end of this unit, you should be able to:
» Define soil erosion;
» ldentify types of erosion;

» Describe agents and forms of soil erosion, and
« Enumerate and discuss factors of soil erosion

3.0 Main Contents

3.1 Whatis Soil Erosion?

Soil erosion could be defined as the detachmentremadval of the topsoil either partially or
completely by water, wind and ice especially byevand wind.
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3.2  Types of Erosion

There are two main types of erosion. They are:
0] normal geological erosion and
(i) accelerated soil erosion.

Normal geological erosion is widespread. It ocourenever there is a flow of energy and
matter on the earth’s surface. As it is very sldws not injurious to the soil cover of the
world. More often than not, its rate is slowerrthar at worst on a par with the rate of soil
formation and renewal. Its effect is thereforeelanoticeable.

Accelerated soil erosion is usually associated witan’s activities. As a result of its
spectacular nature, it is the one that attracts’snattention. Its side-effects include the
physical loss of the soil constituents leading éasese economic loss as a result of reduced
crop yield or total crop failure. Accelerated seibsion may also result in a total loss of
farmlands to gully erosion. Its may also increasdiment yield and pollutants of streams
rivers, lakes and oater water bodies.

3.3 Agents and Forms of Erosion

The most common agents of erosion are water and.wice is also recognized as an agent
of erosion but not as effective as both water amaiw

It is important for you to know that soil erosiog Wwater is known to be the most common.
This is because it affects the largest parts atafgural world. There are three forms of soil
erosion by water. They include rills, sheets aniies.

Rills are parallel shallow, narrow channels on bareshilpes. They are especially common
where the subsoil is poorly permeable as to allosase flow.

Sheet erosion occurs where turbulent unchannelled flowerts more energy than soil
cohesion can resist. The removal of soil in sleeesion may not be very noticeable but it
removes the topmost soil.

Gully is a channel cut so deeply into the underlyingemalt Gullying is a very serious form
of soil erosion especially in agricultural areaSullies are very common in many parts of
Anambra, Imo, Edo, Plateau, Kwara and Kaduna Sa#ltey Nigeria.

Wind is principally an agent of sheet erosion, witry devastating results. Wind erosion
occurs in wide, flat areas where winds blow strgngthere there are no wind-breaks and
where the soil is dry and unprotected by plant covereas of semi-arid and arid continental
plains are especially notable for wind erosion.is]ttherefore, partly, if not entirely, a dry
weather phenomenon.

Another very important point to note is that thgme of wind erosion is very largely related
to wind strength. Wind velocity tends to be highestvide, open, level areas, for there is
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nothing to impede its progress. Furthermore, @asisubject to wind erosion, not only is the
land denuded of its richest soil but any growingpsrmay be destroyed or serious damaged.

3.4  Physical Factors of Soil Erosion

There are two main factors responsible for acceddraoil erosion. These are physical and
human factors. In this section we will consides fgihysical factors.

Physical factors of soil erosion are natural factibiat could bring about soil erosion. They
include the nature of the soil itself, the naturéhe land surface or topography, climate and
vegetation cover.

Nature of Soil: concerns such attributes as infiltration capagigrmeability and water
holding capacity. In as much as all these are évmsion will take place once the land
surface is disturbed.

Topographic factor of soil erosion is exemplified by the type of stepfound in an area.
Soil erosion on slopes tends to vary with bothdbégree and length of slope. Generally, the
rate of soil loss increases with increase in skpgle and slope length. It is to be noted that
soil erosion rates differ on the slope form i.eaex, concave and even. Concave slope form
is the most susceptible form of slope to rapid smkion.

Climate influences soil erosion in two main ways. Fiistlictates whether the erosive agent
will be water, wind or ice. Secondly, climate regek the intensity of soil erosion.

Vegetation coverusually protects the soil from being eroded bukerghvegetation covers
non-existent or scarce, soil erosion is common.ge¥aion cover disallows direct raindrop
impact on the soil by reducing the quantity of falinthat reaches the soil surface. It also
improves soil structure and increases infiltratcapacity of the soil. Roots of plants also
make soil firm and stable.

3.5 Human Factors of Soil erosion

The human factor in soil erosion is depicted thtougan’s activities that include farming,

grazing, mining, industrialization, urbanizationdaimdeed, civil engineering constructions.
All these activities disturb the delicate balandetasrestrial ecosystems that may induce
accelerated soil erosion.

Agriculture is, perhaps, the most important cause of soili@enpprincipally because of its
widespread occurrence. Agriculture, particularlgbde farming involves the removal, wholly
or partly, of the original vegetation. Note, howevthat the extent of soil erosion will
depend on the system of cultivation, the intensitgultivation and the types of crops grown.

Grazing of animals can also lead to soil erosion. Thestamt removal of vegetal cover by
cattle, sheep and goats leads to the exposureeofatid surface to the harsh effects of
rainfall.
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Mining activities render vast areas valueless for othed luses. These usually lead to land
shortage resulting to pressure on the land, laméustion, and consequently excessive soil
erosion. A very good example of this is providgdHe Jos Plateau where tin and columbite
ores have been mined for many decades.

Engineering Constructions also lead to erosion which may take the form oflygul
Similarly, footpaths, roads, settlements and mapkates can cause accelerated soil erosion
since all of them concentrate runoff which initeithannelized soil erosion after they have
stripped the soil of its vegetation.

4.0 Conclusion

You can see that this unit has opened your eydisetdact that when soil, as a resource, is
misused or mismanaged, erosion takes place. Angbdaemember the definition of soill
erosion? It is the detachment and removal of dipsdil. The types, agents and form of soil
erosion are considered and it is observed thaewlditer erosion is the most prevalent, wind
erosion occurs in arid and semi-arid lands. Theswimrm of soil erosion is the gully. It is
important to note that certain factors are resgmador soil erosion. These are divided into
physical and human factors.

5.0 Summary

Soil erosion has been defined as the detachmenteamalval of the topsoil either completely
or partially. There are normal geological eroswhich occurs but whose effect on soil
removal is so negligible; and accelerated soil ierosvhose effects are quite noticeable on
the land surface. The most commagentsof soil erosion arevaterandwind but ice is also
regarded as an important agent as well. Waterarads of three main forms. They aibls,
sheets and gullies. Gullies are the most promirgggiructive and dangerous. In fact, their
effects are the concerns, not only of the Local &oment Areas in which they are found,
but also of those the states, Federal Governmehtrd@rnational Agencies in Nigeria. Wind
erosion is found mainly in arid and semi-arid arehe world. Note that the extent of wind
erosion is largely related to the strength of thedw

A set of factors have been identified for bringmigout accelerated soil erosion. They are
divided intophysicalandhumanfactors. Physical factors are natural including hature of
soil, the topography, climate and vegetation covétowever, human factors result from
activities on the land surface. These could irelubriculture, grazing, mining and
engineering constructions.

6.0 Tutor's Marked Assignments
» Define soil erosion and discuss the forms of smb®n arising from water.
* Enumerate the main factors of accelerated soili@mosnd fully discuss any one of

them.
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UNIT 12: SOIL CONSERVATION
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1.0 Introduction

In the last unit we discussed soil erosion. Thenewamined what soil erosion is. We also
discussed its types, forms and factors. In thig we are going to look at how we can
conserve our soils and make them useful to us.refdwe, be prepared to know what to do
when a land is eroded. Three main practices aremmmThey include managing soil when
it is being cultivated in a sustainable manner; \pg certain control techniques and
reclaiming of land that is already damaged by ara#td soil erosion.

2.0 Objectives
At the end of this unit, you should be able to:

* Know what soil conservation objectives are,
* Recognize the soil conservation practice,
» Discuss the various conservation practices.
3.0 Main Contents
3.1  Soil Conservation and Its Objectives
In the course of this study, it has been pointedtiat it takes a long time for any soil to

form. Similarly, it has been indicated that thensasoil can be lost very easily. This brings
about the issue of soil conservation. By defimitisoil conservation is the protection of soil
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against erosion or deterioration. It can also égarded as the preservation and careful
management of soil resources for sustainable deredat.

The objectives of soil conservation are to:

(1) minimize the rate of soil loss attendant on tlee of land for agriculture and other
purposes; and

(i) render suitable for cultivation land which hHasen wasted by accelerated soil erosion.

3.2  Categories of Soil conservation Practices

It has been stated earlier that when soil is mismgad, soil deterioration occurs. This is

usually followed by accelerated soil erosion irfatihg degrees. Since this is the case, it is
important that steps should be taken to halt samkien whenever there are signs of its

actions. This is because, once soil erosion hasroed and the topsoil has been lost, it takes
a lot of effort to bring it back to its former atat

The practices of soil conservation in order to eetithe objectives stated in Section 3.1 fall
mainly into three categories. These are:

) soil management practice;

(i) soil erosion control techniques; and

(i)  land reclamation practice.

3.3 Soil Management Practice

The first category of soil conservation practicesralicated earlier is the introduction of soll
management ideas and practices into routine farropeyations. These operations could
include the promotion of wise use of the land stoasonserve its natural fertility or replace
it with artificial fertilizers. You should note & these practices are in form of scientific or
indigenous farming which involves crop rotatiore tue of cover crops, fertilizers, manures
and mulching. Furthermore, this soil managemeattpme could also involve the sensible
tillage such as zero tillage, aimed at preserviregsioil cover of farmlands.

3.4 Soil Erosion Control Techniques

The second category of soil conservation practi€¢ke use of certain basic techniques for
controlling erosion, such a®ntour farming, strip cropping and terracing. The technique
adopted will be dictated by the type of croppingl arature of relief so as to reduce soll
erosion on agricultural land.

Contour farming involves planting in rows or operating farm equ@racross the slope.
This method helps to conserve soil and water asaws of ridges or crops, or both, act to
check water flow. This method has been effectivedgd in USA with soil and water losses
were drastically reduced even on high slopes tlyarefseasing farm yields substantially.
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Strip cropping is the practice of planting alternate strips witbse-growing row or grain
crops following the contour across a slope. Thigey is usually adopted on slopes that are
too steep to terrace. In the same manner of cofdooning, strip cropping also slows down
runoff water flowing through the close-growing ptri It also increases the infiltration rate
which further reduces total runoff. In additiohgetcrops grown intercept raindrops and so
reduce both splash and sheet erosion.

Terracing involves the building of mud embankments or a coatiion of channels and
embankments across slopes, usually at fixed intervéerracing may also involve creating
flat or nearly flat surfaces along slopes thatravemally too steep for cultivation. Generally,
terracing controls erosion by reducing slope leraghwell as slope steepness. It also slows
down runoff which may also be conducted acrossstbpe in definite channels where it
flows at non-erosive velocity. Examples of tersaege common in Anambra, Enugu and
Plateau States in Nigeria.

35 Land Reclamation Practice

When accelerated soil erosion is not checked tfextefl land surface becomes a bad land
i.e. a land that is almost useless for any useweyer, such land could be reclaimed through
afforestation, the reservation of whole areas ®ve@nt or minimize the effects of human
activities and the filling of pits. For the sucses this third category of soil conservation, the
cooperation and total involvement of the local gedp needed. More often than not, the
governments or agencies usually undertake reclamatiojects. In some cases, the projects
may be executed through the local people or dyrdxstlthe government or agency.

4.0 Conclusion

In this unit we have seen that when acceleratddesosion occurs, it is possible to
take steps to regain the land. Furthermore, &lss indicated that efforts could be
made to prevent accelerated soil erosion from tpkilace. In order to achieve the
objectives of soil conservation three categoriessaif conservation processes are
usually effected. These include soil managemeaictjme, soil erosion control
techniques and land reclamation practice. The tiivetcategories of soil conservation
practices are necessary in order to make the useilsgustainable. The third category
of soil conservation practices is done to restoraleeady bad land surface.

5.0 Summary

We have seen that soil as a resource could be adidng man. When this happens
soil erosion occurs. However, in this unit, we é&een that efforts can be made to
avert soil erosion; and that even when it is ire#, steps can also be taken restore it.
Therefore, the main objectives of soil conservadiomto minimize the rate of soil loss
and to render suitable for cultivation purposesdlahat has been wasted by
accelerated solil erosion.
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There are three major ways by which soil conseswapiractices are achieved. The
first one concerns managing the soil sustainablyhénprocess of cultivation such as
using manure, chemical fertilizers and mulchindhe Becond way is the adoption of
certain soil erosion control techniques that wdl bsed to check accelerated soil
erosion. These techniques are contour farmingp stopping arid terracing. Land

reclamation practice is the third way by which smihservation could achieved in
places that have been badly damaged by accelesatedrosion. This category of

soil conservation is usually embarked upon by gowvemts and agencies with the
cooperation of local population.

6.0 Tutor's Marked Assignments

1. Define soil conservation and state its objestive

2. Discuss the techniques involved in soil erosiontrol.
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