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ABSTRACT

Landlocked States in Nigeria ore daily faced with the reality of the need for rapid
agricultural develepment for socio-economic ransformation. The magnitude of the
need for most of the States requires massive mechanisation of the agricultural
production process and this comes with its attendant environmental problem. Thus it
15 desirable that a pre-investment imvestigation be carmied out on soils for sustunable
development. In this study, the mineralogy of agricultural soils in selected pans of
Ekiti State, Southwest Migern were investigated from washed salt-free, freeze-dried,
fine clay fraction of samples from the sites using x-ray diffractogram. The selected
parts included: Oye-Ekiti, Ire-Ekiti and ITkere-Ekiti, The chemical compositions were
determined using standard procedures. The load bearing (suppoernt) cepacity at
different moisture content were established from the plot of pre-compression (pre-
consolidation) pressure st varying moisture regimes. The relationship between load
support capacily and soil rnine:;'ulng_',.' for soil was therealter examined. The result
showed that the mineralogy of the studied sites were Tkere — Oxisols, Ire - Inceptisols,
and Chve — Lliisols, Moisture refention capacity manges in the studied sites wene
generatly low viz Tkere; 0.05 - 0.20 kg/ke, Ire A horizon; 0.05 - 0.23 kg/ke; e B
horizon; (L03 - (L35 kg/ke, Oye A horizon; 0.05 - 0.20 kg/kg, nnd Oye B horizon;
010 - (.25 kg/kg. Load Suppert capaciey (300kPa) were highest in Ultisols samples
from Oye B-Horizon and the Oxisols from Ikere. It com be concluded that most
samples from agricultural sites in Ekiti State would support mechanisation of the
farming process. However, due to the low maistune reétention ranges, shallow depth
and the thinness of the A- Horizon, mechamsation process should be carefully
handied in order not to destroy the soil structurally, Experience from literature sugges!
that such soil need more preparatory steps, with medium size implement to avoid
losing soil layer above the preconsolidation pressure, when natural recovery will be
impossible and degradation will be rapid. This study has [aid a good foundation for
large-scale estimation of soil workability data tor similar soil types in Southwest
Nigeria, 1t appears that soil trafficability in cultivation could be Inferred from the

compression and mineralogy characteristics,
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CHAPTER ONE "1.\,_
INTRODUCTION

1.1 BACKGROUND TO THE STUDY

Soils are complex assémblies of solids, liquids and gases, with the solid component
aceounting for about 50% of the volume, gases and liquid; typically water, makes up
the remaining 50%, The soil solid component, consists of about 45% minerals
{inorganic component) and 3% organic maiter (Sparks, 1995), The incrganic
component (9% of the solid component), are known to include both primary and

secondary minerals ranging in size from clay size colloid to gravel and rocks.

Minerals are patural imorganic compounds with definite physical, chemical and
crystalline properties influencing -the physical and chemicals properties of the

different sonl type.

In crop production, forestry and other field of agricultural practices, soil is the major
media. The well being of the soil in terms of fertility, structural stability, friability,
tillability, trafficability, moisture retention capacity, among other factors determines
the success or otherwise of agricultural ventures. A number of these foctors an

influenced by the management modules used by man on the soil,

Foor soil management practices have contributed largely, 1o the loss of severnl million
hectares of agricultural soil in soil structure depradation worldwide (Sparks, 1995).
Soil structure degradation alter the physical and mechameal configuration of such
soils, resulting in, an increase in the soil bulk density and soil strength (Dias Junicr et
al, 19949 decrease in the total porosity, size and continuity of the pores {Servadio ef
al., 2001}, restriction in root penetration due to the insulfTicient rool lurgor pressure 0
overcome the soil mechanical reststance (Gysi, 2001), limitation in nutrient uptake,
water infiltration and redistribution, gas exchange, seedling emergence and root
development (Bicki and Siemens, 1991 Dwr and Aubertot, 20K, Genecally, all
these changes will result in decreased vields (Radford e al., 2001; Dawda and Samari,



2002}, increased erosion susceplibility, incrensed power requirement for tillage and

ultimately compaction of the soil lnyers.

Soil compaction has been identified as ome of the major problems causing soil
degradation (Canillas & Salokhe, 2002} According to Seane, (1986) and Hakansson
and Voorhess { 1998), it affects the physical, chemical and biological properties of soil
and has been considered as one of the main causes of agriculturnl soil degradation

worldwide,

In the developed countries, this problem i vigwed more seriously with & trend
towards larger and heavier agricultural machinery (Brannack and Dexter, 1979} In
Nigeria and many other developing countries in the tropics, mechanization of
spriculture is increasing and paining popularity. Although the imtensity of traffic and
weight of vehicles involved may be less, the low structural stability of tropical soils
and the high erosivity of the rainfalls may maoke sobl-compoction problems more
serious, Yet only few studies have-been reported from this zone on soil compaction
{IITA, 1984), Hence, Ekiti State been an agrarian state was selected for this research

on mineralogy and compression characteristics of agricultural soils.

The strensth of nations 15 measured in her ability to sustainably feed its citizens, In
achieving this, susteinable management of the natural resources play a key role.
Sustainable agricultural practice which has sustainable productivity as its ohjective is
being threatened by the aggravated declining quality of soil as o resource caused

largely by improper management.

Soil, which has often been déscribed as "man's most important heritage” (Jules,
20023, without doubt, 15 the backbone of agricultaral productivity. The greatness of
nations can be measured in terms of their skill and persistence i producing
agricullural products: Thus, a stdy that could guide in the sustainable use and
development of soil is paramount to agncultural productivity, particularly in Nigeria,
where there are dearth of precise, research based description of the current status of

our soil and the effect of man activities on i

[



1.2  OBJECTIVES OF THE STUDY

The specific objectives of this study are:

(i) to determine the dominant secondary minerals in some selected
-agricultural soils in Ekiti State, Nigena;

{11) to establish the load bearing capacity models of the various sl types;

{ii1) o investigale possible relationship between the soil load bearing

capacity {management Factor) amd soil mineralogy (historical fuctor)

1.3 RESEARCH JUSTIFICATION

Soil is an wreplaceable natural resource and should therefore be properly managed. Its
proper management form the basis of sustainable agricultural productivity. In
schieving the goal of sustainable management, there must be baseline characteristics
which must be determined on the basis of, reproducible vniversal parameters, which
could be monitored over time, to determine o shift in the positive or negative over
tme. One of such parsmeters is the preconsolidation pressure and moisture retention
behaviour. In Ekiti State, as in many other parts of Nigeria and other sub-Saharan
African countries, there are not many docamented research results on the mineralogy
and susceptibility of agriculturnl soils to compaction. Thus, this study will be filling
the knowledge gap and would enhance agricultural mechanization programme for
Ekiti State, Nigerig, It will establish a reference Bearing Capacity Maodel for soil in

the study area.
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CHAPTER TWO o /
LITERATURE REVIEW

2.1 SOIL

Soil means ditferent things to different people. To many people, it is dirt that needs w
be washed from clothes and swept out of the rooms, To the peelogist, soil 15 the
unconsehidated, weathered part of the earth's manile, an instgniticant, small fraction
of its total volume. To the civil engineer, it is the medium for the support of structimes
and o construction material, To the agriculturist, soil is that part of the earth crust in
which the roots of plants grow (Jules, 2002). A modern definition of soil relates to the
carth's surface layer exploited by plant roots (Paul and Clark, 1989}, It is a visal,
living component of the environment that could be manipulated o influénce crap

performance.

Soil consist of mineral purticles of various sizes and shapes with varying chemical
charaeteristics, together with plant roots, the living soil populntion, and an orginic
matter component in vanous stages of decomposition. Soil gases, sotfl water, and
ihissolved minerals complete the soil habitat (Sparks, 19957, An understanding of the
soil Tabric requires knowledge of the spatial arrangements. This relates to the size and
shape of the components, The relative dimensions of components of the soil matrix
range from 2mm or greater for macroagaregates 1o fractions of a micrometer for
bacteria and collodal paricles (Poul and Clark, 198Y9) Enzymaotic and other
molecular reactions oceur ot size dimensions, ot least another order of magnitude
smaller (Hakansson and Voorhess, 19488).

The major gases in the soil atmosphere are those found in the stmosphere, namely,
Nitrogen (N}, Oxygen (0:), and Carbon diogide (CO; )(Paul and Clark, 1989). Gases
arising from biological activity, such as Nitrogen Oxides, muay of tunes be present,
because of their high reactivity with soil components and their susceptibility o
biological activity. They are usually transitory, In well acrated soils, the Oy content

seldom falls below 18 w0 20% and CO: seldom rises above | o 2% {Donahoe ef al,

4



1977}, However, given a clay texture and high moisture content coupled with high
microbial activity, COx content of the soil atmosphere may rench os high as 0% (Paul
and Clark, 1989}, The carbon of soil erganic matter (SOM) is composed of 10 1o 20%
carbohydrates, primartly of microbial origing 20% nitrogen-containing constiluents,
such as amino sugars and amino acids; 10 o 200 aliphatic fotty acids, alkenes, eic;

with the rest of the carbon being aromatic (Paul and Clark, 19849),

When soil is misused, crops become less productive, When handled with due
consideration for its biological and physical nature, it can continue to yield crops
throughout countless generations of cultivation and use. According to Black (1968),

serl has 3 primary functions in sustaming plant life. These are

(i It supplies mineral ¢lements, serving both o2 a medium of exchange and as
n ploce of storage.

(i} It supplies water and serves as a storage reservoir,

(i) Irserves as a medivm within which the roots of werrestrial plants, as well as

those of many plants, anchor themselves.

One might ask whether soil is veally necessary for plant growth. Hydroponics — the
soil-less cultivation of plant with nuetrient solistions alone or with sand or gravel, is
practiced today on a limited scale (Abel, 2005}, The United States Armed Services
use hydropome gardens to provide fresh vegetables for personnel on isolated islands
in the Pacific Ocean where soil is not available, Even though it is possible to maintain
o limited agriculture without soil, the massive production of plant materials that the
world reguires cannot be accomplished economically without soil under present

eeonomic conditions.

2.2 SOIL FORMATION

Soil is formed through weathering process which, result from all the interacting forces
that affect the parent rock materials, air and water movement of particles, and the

composition and fate of living organisms that inhabit it (Cruickshank, 1972).

Weathering is one of the most important geomorphologic processes, occurring when

the rocks and sediments in the top meters of the earth’s crust are exposed to physical,

-



chemical and biclogical conditions much different from those prevailing at the time
the rocks were formed (Andrew, 1995).

In general two main types of weathering are recognized. Mechanical or physical
weathering involves the breakdown or disintegration of rock without any substantial
degree of chemical change taking place in the minerals that make up the rock mass. |t
incorporates such processes as frost and salt weathering and may also be achieved by
organic or biological means like root wedging. Chemical weathering, in which
biclogical processes may play a major role, involves the decomposition or decay of
rock minerals through such processes as hyvdration, hydrolysis, oxidation and
reduction, carbonation and chelation (Andrew, 1995). In most part of the world, both
types of weathering may operate together though in differing proportions. and one
may accelerate the other. For instance, the physical disintegration of & rock will
expose a greatly increased surface area to chemical attack.

b oo M e
i 't"" o k"-.’! i,
'gpﬂllntl.“!lﬂl

arac mazerialy Develped ssbsup: | Db
| eerrie | | swrizesstorm ], EER s enabon [

Fig. 2.1: Stages of Soil Formation,
Source: Encarta 2005 Edition.

Rocks vary enormously in their physical and chemical properties. Similarly the
weathered materials (soils) derived from different rocks are themselves very different.
The fact remains, however, that much of the material composing most soils has been
derived from the underlying rock; no matter how long a soil has been in process of
formation, the original “raw material™ must therefore have some eftect on its ultimate



nature {Spark, 1995). This explains the need for specified soil management practices

for difTerent soil formations,

The mineral froction of soil s made vp of o combination of sand, silt, and clay
particles, These particles do not fit together tightly, but are surrounded by open pore
spaces, This open space is important because it allows soil to hold air and water.
Spaces between the particles are filled with air in dry soil, water in saturated soil, or
both in moist, When the soil is pressed, there will be gradual expelling of the air and
water, but the rate will depend on the bonding strength with the mineral content of the
soil solid component. This is while soil mineralogy may have some influence on

compression characteristic of soil.

2.2.1 THE SOLIDS IN SOIL

The solid in soil are minerals and organic matter., Minerals can be either primary or
secondery. Quartz and leldspar nre primary minerals, The clays are secondary
minerals, Rocks are mixture of minerals, lgneows rocks are formed from molten
magma. Sedimentary rocks are cemented accumulutions of minerals materals.
Common sedimentary rocks inclode limestone, sand stones, quartzite, and shale.
Metamorphic rocks include slate (hardened shale) and marble (hardened limestone).
The various rocks and minerals decompose and weather to form soil minerals. These
soil minerils may be small versions of primary minerals {sand is usually small quartz
rocks) or may be secondary minerals (as is the case with most clays). Soil minerals
are mostly O, 5i, and Al (Spark; 1993, Shaw et al., 2002},

2.2.2 PRIMARY MINERALS

They are formed at high temperature and pressure, under reducing conditions without
free oxygen. These minerals are mainly present in soils as sand and silt particles, They
are mol crystallized and decomposed from molten lava, The primary minerals on the
earth cooled from a molten mass, and have not changed chemically since the day they
came inexistence. Several distinct soil minerals are recognized as detailed in Tuble 2.1

(Spark, 1995; Encarta, 2003; Shaw et al,, 2002,



Table 2.1: Soil Primary Minerals

Primary Chemical formalne [miportnee
_rllirrerah

LBITHTS b3 e, Abundane moaand and sl

Feldspor MR RANR[ S0 ] Catl0,[ 50k, Abundang inacdl that is ool
beachied.

Mica KaAL O [ 500 AL O, Sources of K i mouwat iempecane

Ko AL O 5iaAd ] Mg Felu(OH ), ZMIEE

Amphibole {0, Ma B s M Be A0 OH L SEALOy 1 Buaaly weathered w elay
minerils

Pyroxens (0 M e, T 50, A, Easily weathered

Olivine i, Fel,Sidy Easily wenthered

Epidie il ALFEL DS Highly reststant (o cliemical
weathermg

Tournaline NadMgs ALB; 50y, 0H.F)y, ' Highly resistunt o chemical
weathering

Lircon ZrEicl Highly resistant to wenithenmg

Ruitkle Tidy Highly resistant to weathering

Source: Encarta 2005 edition

2.2.3 SECONDARY MINERALS

They are formed at low temperature and pressure through oxidation. They are the
weathering product of primary minerals, either through alleration of their structure or
through re-precipitation, Secondary minerals are usuvally present in soil a3 clay
particles. These minerals sre formed by precipitation of récrystallization of elements

that were released by the weathering of primary minerals (Spark, 1995).

2.24 SOIL ORGANIC MATTER

Soil organic matter is composed of decomposing residues; by-products formed by
arganisms responsible for decomposition of residues, the micro-orgamsm themselves,
and the more resistant soil humates. Residues of plants differ in phenolic content and
in the proportion of lignin to cellulose and protein (Paul and Clark, 1985), Microbial
attack of carbohydrates and proteins results in the production of microbial products,
while the production of 8047 und NH; as well as COy depend on the Carbon(C):
Nitrogen (C/N) and Salphur @ Phosphorus (S/P) ratios

2.3  PHYSICAL PROPERTIES OF SOIL

Physical properties refer to characteristics described by physical measurements such

s length, mass, and remperature, These properties often are the most important for



determining the limitations and practical vses for & unit of land. Can the soil suppurt
trees, agquatic plants and desent shrubs? Can the soil withstand vehicle traffic/tractor
weight, or will it fail under stress? A complete answer 1o these questions requires a
thorough knowledge of the physical properties of the soil (Dias Junior, 2003; Dias
Junior et af., 2007), These properties include texture, structure, bulk density -and
porosity, colour and temperature (Donahue ef af, 1977, Olulayo, 1997),

2.3.1 SOIL TEXTURE

The term soil texture refers o the size of the individual mineral particles (Baver,
1972}, These mineral particles of the soil can be arranged according to size from very
coarse 1o very fine. The proportion of the different sizes of particles making up a soil
determines its texture (ASAE Monograph, 19807, These textural groups, s measured
by effective particle diameter are primarily refermed to as) Gravel, Sand, Silt, and
Clay. Example of the textural classification system commonly used for soil
evaluations associsted with selecting larm irvigation systems is the one developed by
the United State Department of Agriculture (USDA). The size range of the particles

and their textural groups are presented in Table 2.2,

Table 2.2: Size range of particles associntes] with soil textural proups.

Texivral Group Particle Size (num)
Gravel =20
Sand
Very Course Sand 1.0-2.0
Coarse Sand 05— 1.0
M edium Sand 25 -10.5
Fine Sand 0,10-10.25
Very Fine sand 0.05 - 0.10
Silt (L0602 — (.05
Clay <[1.{)2

Source; ASAE monograph ( 1980)

The course materials such s sands and gravels are usually composed of many small
particles cemented together either chemically or by a matnx materigl. These are
bound relatively firmly und present only a single outer surfice. The physical and
chemical properties of these coarse materials do not differ greatly from those of thewr

parent materials (Foth, 1978).



Silt particles, which are smaller than Sand particles are more or less unweathered, but
their surfaces ave coated with a clayey matier. The properties of silt are therefore
somewhat intermediste between those of sand and clay (Baver, 1972). The clay, the
smuallest of the soil particles, shows distinct chemical and physical properties (Foth,
1978). Clays colloids are viscous and gelatinous when moist but hard and cohesive
when dry (Jules, 2002). Clays are composed of particles called “micelles”, which are
formed from the parent materials by o crystallization process. They are merely linely
divided rock, with internal as well as external surfaces, and tend to be held together
by chemical linkages or jons between the plates (Baver, 1972} A colloid is a small,
inseluble, non-diffusible particle, larger than o molecule bt small enough o remain
suspended in a fluid medium without settling (Foth, 1978; Spark, 1995) and is present
in most soils as organic colloidal particles as well as inorganic colloidal particles of

clays.

“|_||1_;..=¢F|1i| i

Fig, 2.2: Soil classification aceording to textural trigngle.
Sonrce: Handbook of Apricaliural fagineering, ASAE 954,

Soil texture affects the retention of water and the rate of water infiltration (Jules,
2002), Comrse soils permit the rapid infiltration and percolation of water, 5o thal there
is no surface runoff even after o heavy rain, In contrast, clay soils are so hnely
textured that very little water penctrates (0 lower levels, especially after the surface

clays hecomes wet and expand, Coarse soils however exhibit low water retention
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capacity. Soil texture has some effect on compaction, although compaction can be a
problem to one degree or another in almost all soil types, Sails made up of particles of
about the same size compact less than soil with a variety of particle sizes. Smaller

particles can fill the pores between larger particles making for & more dense soil.

A dry soil, which has friction between the soil particles, is not easily compacted.
Water actz o8 lubricant between the particles, making the soil easier 10 compact
However. as soil water content increases; o point s reached where most pore spaces in
the soil are filled with water, not air. Water cannot be compressed, so water between
the sotl particles carries some of the load on the soll, resisting compaction. Therefore,

a very wel soil will not compact as much as o moderately maist soil.

2.3.2 SOIL STRUCTURE

Soil structure refers to the gross arrangement of the soil particles into aggregates
(USDA, 1957), Particles of coarse grained soils tend to function as individuals; while
the aggregated particles of fine - textured soils tend to form granules. The size and

shape of these particle groups and their stabibity 15 defined as the soil structure.

A soil may have either a simple or a compound structure. Sand and pravels, (examples
af soils with a simple structure) have very little cohesion, plasticity, and consistency
the latter been the resistance of the particles in lhe soil to separalion. Simple —
structured soils are wsually composed of matenals that are relatively resistant to
weathering, such as guartz sand. They are also said to have a single — grain structure,
Most agricultural soils have a compound structure; their particles aggregate, or stick
topgether, Several distinct sizes of compound structures are recognized as detziled in
Table 2.3,

Table 2.3; Sizes of compound structured soils

Structural Type Agerepate Diameter (mm)
Columnar =250

Blocky 5-125

Granular 3-5

Crumbly l=3

Mussive Completely puddle or compacted

Source: Jetbes (206)02)
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Fundamentally, soil structure is developed by wetting and drying, !'rﬂr.:ﬂnﬂi;nd
thawing, and combinations of these conditions. The primary function of nrgn?tﬁ:"
matter in the soil 15 1o add stability 1o soil aggregates and serve as a cushion against
the effects of tillage. Good soil structure 1s very important for agricultural soils (lules,
2002, This is becawse the soil structure influences the ease of root penetration, the
mfiltration rate, aeration, amd the movement of water in the soil, all of which ame
essential 1o crop production (ASAE Moenograph, [980). For good crop production, the
maintenance of a pood soil structure is recognized as being equally important as

maintaining 8 goodd chemical balance (Gaolchin and Asgori, 2008)

Thus, in mechanized agriculture, it will be necessary to synchronize the scheduling of
various farm operations, vehicular movements, with moisture content of the soil as it
nffects the lond bearng copacity of the sml. This measure will guide against soil
strciure  degradation  resulting from  compaction amd  consequent  losses  of

productivity in areas under miense traffic (Dis Junior et all, 2005; Ajayi e all, 2008).

24 SOIL RESOURCES IN NIGERIA

Soil constitutes an important resource m Nigeria where majority of her inhabiants are
engaged in agriculture. Although a great diversity of specific soil type abounds in the
country, yet the greal majority of the soils in the country are nutrient deficient (Ohu et
al., 1986). The problems of phosphorus deficiency, aluminmm toxieity, drought stress
and low inherent fertility are commaon. Most of the soils are scidic, compacted and
leached. These soil problems constitute great threat to soil resources and agricultural

productivity in Nigeria, which lies within the tropical soils,

2.5 SOIL COMPACTION

Soil compaction arises from an imbalance between the forces (pressures) exerted by
soil tillage or wheel traffic and the beaning capacity of the soll (Tijink, 1%%H
Understanding the compressive behaviour of soil is essential W predict the alterations
that might eccur in soll structure when submitted to stress caused by agncultural

implements.



2.6 TYPES OF SOIL COMPACTION

There are several forces, natural and man-induced, that compact a soil. This force can
be high such as that from a tractor, combine harvester or tillage implement, or it can
come from something as small as a rainfall impact, Listed below are several types of

so1l compaction and their causes,

2.6.1 Naturally Dense Soils

Most dense soils have high clay content in some parts of the soil profile. Soils that are
dense by nature commot be easily “un-compacted”, Encrmous amounts of sand and silt
would be needed to do so. Attempts o mix sand and clay layers in river boltom soils
and seas shore soils have had varying degrees of soceess, Tillage offers only a short
lived solution in these soils. Prevention of additions] compaction is the best

mansgement strategy in naturally dense s0ils (Donahue et al., 1990).

2.6.2 Surface Crusting

Soils are sensitive to serface crusting caused by rainfall impact, Excessive or high
mtensity of rainfall compacts the soil, Crop residue or vegetative cover is the best
menns (0 prevent surface crusting and soil sealing in all soils. {(Donahue et al., 190
Soils without residue cover form a dry surlace crust that is difficult for emerging
seedlings 1o penetrate.

2.6.3 Tillage Pan

Tillage implements that shear the soil, such as mould board ploughs, disks and sweep-
type tools, have a tendency to cause soil compaction. When continuously operated at
the seme depth, tillage implements orient soil particles in the same divection, creating
a loyer of compacted soil, This compaction is typically referred to as a tillage or
plough pan, The potential to cause a tillage pan is greater under wet soil conditions
than under dry conditions; It is difficult for roots and water to penetrate a tillage pan.
A tillage pan effectively reduces the rooling depth to the depth of tillage, which is

usually between 13cm to 2lcm.

2.6.4 Vehicle Induced Compaction

Thas form of compaction can be divided into two types namely:
tay  Shallow compaction

(b} Deep compaction
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Shallow compaction

This is defined as any compaction occurring within the normal tiltage zone, For some
producers this may be 12.7¢m deep and or others it may be 25.4cm deep. Shallow
compaction is related to the pressure applied to the surface of the soil. (Donahue eral,
1990,

Deep Compaction

This s compaction that occurs below the normal tillage zone. It is caused by weight

of force applied to the soil, and is mostly affected by the maximum axle weight.

2.6.5 Compaction from Cultural Practices

Excessive tillage tends to break down sail ngg:mgate resulting in poor so1] structure
and higher potential for compaction. Tillage hastens breakdown of the organic matier
that is needed for good soil structure, Crop sequences, residue production and residue
munagement con all affect soil structure and compaction potential, Practices that leave
surface residue undisturbed help increase or maintain & good organic matter level,
which [avours good soil structure and reduces the potential for compaction {Donabe
et al., 1990).

27  EFFECT OF ORGANIC MATTER ON SOIL COMPACTION

Soil response to compaction is also influenced by organic matter content (McBride
and Watson, 1990; Soane, 1990}, The susceptibility to compaction decreases as soil
organic content increases (0 Sullivan, 1992). However, the effect of organic matter
on the reduction of soil compressibility seems to be dependent on soil moisture at the
time of load application (Soane, 1990). It was also reported that there is significant
decrease in the strength of the soil at any level of compaction, for low concentration
of organic matter {Ohu et al., F986). At such level, the presence of organic malter
would be associnted with a decrease in bulk density of the soil and increased pore
spaces, However, increase in the concentration of organic matter within a soil volume
had been reported to increase soil strength which reduces the susceptibility of the soil
to compaction {(Ohu et al., 1986; Zhang et al., 1997). This happens because, with
higher organic matter, more moisture would be reguired te initiate the Mow of the soil

unlike when the organic material concentration & low,



28  EFFECT OF S0]L MOISTURE

The waler lost by the soil represents the soil moisture content in the moist samples
{ Brady, 1984). The most common means of expressing soil water content is the mass
ar volume of waler associated with a given mass or volume of soil solids. Soil
moisture could be measured from a number of techniques including tensiometry,

electrical conductivity, neutron and gamma ray atlenuation (Brady, 1984).

501l moisture has beéen widely recognized as a determinant of ol compressibility
(Soane, I9H), O Sullivan 1992). Soil compressibility is defined as the resistance
agmnst volume decrease when soil is subjected to-a mechanical load, which has been
described by the shape of the soil compression curve (Horn and Lebert, 1994), The
difterences in the seil susceptibility 1o compaction seems to be related o the
mechanism whereby a decrease in soil water content increases the number of contacts
betwesn particles, which is directly dependent on sol texture {McNabb and Boersma,
1993; Harte, 2000, Crystalline clay minerals may lose more water from the external
surface than noncrystalline minerals. As a result, the number of contacts between
parlicles increases ol a foster rate in the former than in the laler as the soils dried

{MeMabbh and Boersma, 1983,

2.9 EFFECT OF BULK DENSITY

The soil compression behaviowr is also affected by soil bulk density, Soil deformation
occurs when some individualized (crystals) or prouped (domains) particles are able 10
separate and move in relation to each other, This movement is restricted by friction
forces and by the bonds existing between particles, The denser the soil and the more
intricate the particle arrangement, the smaller the pore space available for paticle
movement is and the higher the friction forces between them are. Thus, displacement
and rearrangement of solid particles to cleser positions (defonmation) becomes more

difficult as bulk density increases (Paz and Guterif, 2000,



2.10 EFFECT OF AGRICULTURAL MECHANIZATION ON
SOIL

Man as a power unit is very inefficient and ineffective. He is limited to about
0075kW continuous out-put and 15 therefore worth almost nothing as a primary
source of power (Barger ar /. 1963). For the farmer to receive an adequate return for
his labour, he must be an efficient producer (Igbeka, 1991). This efficiency can only
be achieved if there is proper use of materinls and effective utilization of power
through mechamization. Agriculiural mechonization encompasses the wse of hand-and
animal-operated tools and implements as well as motorized equipment to reduce
human efforts. It improves timelinegss and quulily of various farm operafions and
stands as the only measure for achieving sustainable agricultural productivity (lgbeka,
1981 ),

To achieve a fully mechanized agricultural production system, different types of
agricultural machinery arve used for different operations. These include, soil tillage,
fertilizer application, planting, weeding, application of herbicides, pesticides and soil
ameliorating chemicals, moving portable irrigation equipment, harvesting and moving
primary processing equipment {Omwualu and Anazodo, 1989). The unknown traffic
set up by these operations has been shown o cause soil déterioration, usually referred

to as soll compaction ( Wolf and Hadas, 1984).

The magnitude of soil compaction problems resulting from increased use of large
machinery and more intensive cultivation and their consequences on crop production,
has not been much researched in the tropics as in the temperate reglons {Hakansson ef
al, 1988}, However, the implementation of numerous large mechamied lond
development programs s inevitable consequence of attlempts o increase food
production rapidly. Yet the conclusions drawn from & cntical appraisal of previouwsly
implemented large-scale agricubtural development schemes in the tropics are far from
encouraging (Abdulmumin, 1997; ICID and CIIDy, 1999).
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Fig 2.3: Soil Subjected to High Axle Load

Failure of large-scale mechanized agricultural schemes in Africa, Latin America and
tropic Asia has been attributed to many factors, including socio-economic conditions
and poor infra-structure (ICID and CID,1999), insufficient baseline data to enable
adequate planning for resource development and management (Bauer,1978), and
ermatic rains. [n addition to these exogenous factors, the ability of the soil o sustain
economic vields under mechanized farming system is obviously an important factor
and need 1o be adequately assessed.

The importance of soil factors is basic to all planning. An important endogenous soil
factor is the problem of soil compaction and its effects on soil and sativa
environmental degradation and on crop production. Thus, the necessary skill to own
and run a farm successfully should not be taken for granted. This accounts to a large
extent, for the failure of many commercial farming projects. It takes more than
available land, favourable weather and desire to make money to succeed in farming.

2.11 EFFECT OF COMPACTION ON TROFPICAL CROPS

Considerable evidence exists to show that soil compaction, onginating either from
anthropogenic or natural causes, exerl an enormous impact on the establishment,
growth and vield of food and cash crops in tropical regions where south westem
Nigeria is located .The dominant crops here vary from Rice (oryzao sativa), Maize (zea
mays), Cowpea (vigma unguiculaia), Yam (dioscoreacear) and Cassava (manihot
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ésceelenta). Soybean (glvcine max) production is also expanding gradually in the
tropics due to its vast potential as a source of edible oll and animal feed (Kayombo
and Lal, 1904),

Rice which constitutes the important staple food of about halfl the world's populition
{Olorunfemi, 2007}, are of two types, Paddy rice is grown under puddled irrigated
conditions, and upland rice is grown in unpuddled main fed conditions, Many studies
on paddy rice grown in coarse-textured soils indicate that moderate soil compaction
enhances better establishment of root growth, and produces higher grain yields due o
a more favourable soil bulk density profile, a lower infiltration rate and higher surface
retention of water (Dgunremi ef af,, 1986a). Similar responses to compaction have
been reported in upland rice for some soils (Kar et al. 1986), although in most
instances soil compaction decreases seedling emergence, and causes stunted shoot and

roob growil,

Experiments conducted in easterm-Africn have shown that the germination and early
growth of maize are severely restricted on untilled and shallow-tilled naturally
compacted soils (Macariney ¢t al., 1971). The poor crop performance is attributed 1o
resiricled root growth. Mechanical land clearing and continuous mechanized farming
causes significant deterioration of soil physical properties as compared o manuial
clearing or no-tillage, and consequently leads o reduced maize growth in tropical
soils (Lal, 19854, Qjeniyl, 1990). Seil compaction resulting from mechanical land
clearing considerably reduces maize grain yield compared (o land cléared by manual
methods (Alegre er al, 1986), Kayombo and Lal (1936a) reporied that a 4-pass
weatment reduced emergence, plant height, leaf number, leal area index and root
growth of maize more on ploughed than on no-tll plots in three consecutive growing
seasons on on Alfisol in south western Nigeria, The problem of soil compaction in
plough-based systems is areatly accentuated by motorized farm operations and
vehicular traffic (Lal, 1985a).

Adeguate development of cassava root tubers depends on a high total porosity and the
sbility of soil to accommodate voluminous tubers. Loose soil is obviously
advantageous for cassava tuber development because roots first penetrate the soil dnd

then enlarge to bulking. The adaptation of cassava to drought is partly explaned by
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the ability of its feeder roots to penetrate deep into the soil and extract water (Ezumah,
1983}, Compacted soils decrease the tuberous root/feeding root ratio and reduce
yields. In addition, the adverse effects of soil water stress on plant growth and dey
matter yield of cassava are accentuated if the cassava root system development is
restricted by high bulk density. Pre-plant field waffic consisting of 4 raller passes (432
Kpa)} has been shown to reduce plant height, leaf number, shoot dry weight and fresh
tuber yield in both no-till and ploughed plots on an Alfisol in South-Western Nigeria
{Kayombo and Lal, 1986k). Table 2.2 shows beneficial effect of minimal compaction

on vield.

Table 2.4: Response of cassava tuber yield to soil compaction

Roller Tillage Cassava Toble yield Tubers/Plant
Treatment (Mg ha) { Mumber]

0 Mo tiliage 184 LA |

2 Mo tillage 163 9.5

4 Mo tillage 9.7 5.6

0 Ploughed 20.6 1.2

2 Ploughed 241 [2.8

4 Plowghed 129 7.2

Somree: Soane & Ouwerkerk [ T99)

2,12 SOIL PRECONSOLIDATION PRESSURE

The preconsclidation pressure is the pressure that divides the soil compression curves
into region of small, elastic und recovered deformation, secondary compression curve
and a region of plastic and unrecoverable deformation — virgin compression curve
(Holiz and Kovacs, 1981). The maximum stress previously sustained by a sail s an
indicator of the soil strength (Defossez and Richard, 2002). Soil compaction which
pecurs due to removal of air — filled porosity is a relevant factor in soil deformation
analysis, An assessment of the influence of compaction on seil physical propertics is
necessary in agricultural research and it usually involves the monitoring of variations
in soil structure, bulk density, porosity, water content, air permeability, pore size
distribution, etc under loading and unleading. Thus, m agnculture, application of
stresy greater than the spil preconsolidation pressure should be aviided in order Lo
avoid unrecoverable soil deformation (Defossez and Richard, 2002).



Considering the fact that soil preconsolidation pressures indicate the soil strength and
maximum stress that should be applied 1o a soil in order (o avoid soll degradation and
ensure soil structure sustamability (Dias Junior er al, 1999), it is therefore apparent
that 8 rmeduction in the soil preconsolidation pressure value may be used a8 an

indicator of soil structure recovery.

The bearing capacity model (BCM), which is the adjustment of soil preconsolidation
pressure as a function of moksture content or suction, may be used alse 1o detect the
sod] structure changes through time doe (o the Below Ground Biological Diversity
(BOBD) management. In addition, the bearing capacity model has different wses in
agriculture and environment quality studies, The uses include the estimation of
maximum pressure that should be applicd to the soil in order to avoid soil
compaction, evaluation of traffic effect on soil structure, assessment of natural
alleviation of soil structure after a compaction event and determining the natural sol
mechanical resistance of the soil horizons that may impair the sustainable soil uses
through time.



CHAPTER THREE '
MATERIALS AND METHOD

3.1 DESCRIPTION OF THE STUDY AREA

The samples used in this study were all collected from sampling pits in some selected
agriculture belt of ERiti State, Southwestern Nigeria. Agro-Eeologically, most part of
Ekiti State falls under the Rainforest and Secondary Forest ¢lassification. In the
transition zone of Ekit State, that is, area adjoining Kogi and Kwara States, the
vegetation is dominantly denved Savanoh. Climatelogically, the studied site is sub-
humid zone (Jagtag and Alabi, [997), with mean annval minfalls ranging between
[ 200mm and 1350mm,

In this study, soil samples were collected from three locations noted for subsistence
agriculiure, bul with great potential for large scale agriculiure due to the availability
of large expanse of land. The selected sites were in Oye Bkiti, Ire Ekiti and lkere
Ekiti. All the selected sites have similar climatological and ecological condition with
samples collected under natwral vegetation. Detall descriptions of the sampling

locations are presented in Table 3.1,

Tabte 3.1; Description of sampling sites.

Site King Location Lat &r[mg Elevation - Others
MNomenclamre & Name (M)
Hortzon (A&B)
I EKI-EEIT {A) Ohye-Ekit Lat5.20'056" 350 Freviously
EK|3-EE34 (B) Long. 74871 14" cropped
2 EK35-EK51 {A)  Oge Village.,  Lut 5.21°895" 425 Wirgin
Ek31-ER6E (B}  Ire Ekid Long.7 438537 Land
3 ER63-EESS (A}  Tkere-Ekit Lat 5 [3757" 385 Hilly Land
Long 7.27'541" busement




At Oye and Ire Ekiti, undisturbed core samples were collected in bhoth the A (10-
20cm) and B (70-80cm) horizons. At Ikere, sample could not be collect at the B-
horizon, due to the existence of a hard pan at about 65cm depth
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Figure 3.1: Location Map of Ekiti State & Study Sites

3.2 MATERIALS

For the collection of field samples in this study and in the laboratory analysis, the
materials used include, Falling Weight Soil sampler (Uhland Amostradoer), Handheld
Geographical Positioning System (GPS), Weighing Balance, Vemier Calliper,
Cylindrical rings, Hoe, Knife, Measuring tapes, Munsell Soil Colour Charts,
Handheld Penetrometer, Paraffin Wax, Digital camera, Disulled Waoter, Sodium
Hydroxide (Noah), Pipette, Conical flask, Potassium Chloride (KCl), Pressure
Chamber, Ceramic Plates, Metal Sieve Set, and Consolidometer.




3.3 COLLECTION OF SOIL SAMPLES

Undisturbed core soil samples were collected at the three different locations cardier
described. The selecied sites represent geographically similar ecological conditions,
but also present the range of soil that had been associated with different types of

parent materials in Ekitr state,

Falling Ring

Hagd e welght Dharped compariment
i I
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Figure 3.2:  Uhland Soil Sampler (Amasrrador)

Eighty-five undisturbed soil samples (B5) were collected with the aluminium
cylindrical ring in the A and B-horizons. Prior to this sampling, the height and internal
dizmeter of the rings were measured using the Vernier Calliper, and their weights
using digital weighing balance to facilitate the computation of samples moisture

content and field bulk density m the laboratory.,

The sampling pits {1m x 2m x lm) were dug very carefully to avoid soil compaction
during digging process, after which the Uhland sampling device was pushed carefully
it the soil esing the falling weight. These samples were collected rancomly i euch

pit to ensure good representation.
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At Oye-Ekiti site, which is a fallowing ground (previously cropped land), seventeen
soil samples were collected at the A-horizon and same number of samples collected at
B-horizon. At Oge village, the Ire-Ekiti site (on a virgin land), 17 samples were also
collected at the A-horizon, but the B-horizon samples were collected at 70cm depth to
avoid the stony hardpan below that depth. In addition, 17 samples were collected at
Tkere- Ekiti at the base of a hilly land within the A-horizon.

At each point, the collected undisturbed soil samples, which have some soil on the top
and bottom of the cvlindrical metal ring, were wrapped with paraffin wax (to retain
the soil initial moisture level), until compressibility and other tests were performed.
All identification for the soil samples such as site number, ring nomenclature, and
other pertinent data were recorded on the daia sheet.
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Plate 3.2: Undisturbed Soil Sam

34 LABORATORY EXPERIMENTAL PROCEDURE

In the laboratory, the soil samples collected were carefully trimmed to the size of the
respective rings, (whose inner diameter, height and weight had been previously
measured) using wire saw and knife.
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Plate 3.4: Post Consolidometry Drying of Soil Samples

3.4.1 Field Moisture Content

The disturbed soil samples scraped near the intact soil cores were used among other
things to determine the level of drying (under natural condition) or saturation (by
capillary) of the samples during preparation for compressibility test. The remaining
disturbed soil samples were later air-dried and passed through 2mm mesh sieve and
used for other standardize tests.

3.4.2 Soil pH

The soil pH was measured in distilled water and 1IN KCL wsing 1:1 mass sofl o
solution ratio. The cation exchange capacity (CEC) was determined as being the sum
of the electric charge of Ca’, Mg™" and AP extracted with IN KCL, of K™ & Na’
extracted with 0.05 N HCL, and of H' & A" extracted with a tampon solution of Ca
{CH;CO0), and CH;O0H at pH 7.0. Other parameters monitored in the samples
include soil colour, plastic and liquid limits.
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3.4.3 Particle Size Determination

The particle size distribution was determined using the pipette method after dispersing
with IN NaQOH while particle density was determined using 95% hydrated alcohol
with 20g of air-dried soil material in 50ml pyenometer.

Plate 3.5: Particle Size Determination

3.4.4 Compressibility and Pre-consolidation Pressure Determination

In determining the compressibility of soil samples, two samples each of the prepared
soil cores were saturated by capillary with distilled water, and equilibrated to 1 atm,
(.02 atm and (.06 atm on ceramic plate inside a pressure chamber. Other samples
were adjusted 1o different moisture content between saturation and about 5% moistune
content. For lower moisture content, the cores were first cquilibrated at & matrix
potential of 100 kPa and air dried at room temperature until desired moisture content
wis attained. Two other samples were left at natural field moisture content.



Plate 3.6: Sample Saturation Process

For the test, bottom porous stone is fitted into the base of the consolidometer, with a
filter paper placed over it. The ring with the undisturbed soil sample was then placed
on the porous stome with another filler paper placed on its top before placing the top
porous stope, after which the loading plate was positioned. These undisturbed soil
samples at different moisture contents were then subjected to uniaxial compression
test using pneumatic 5-450 Termaload floating ring consolidometer (Durham Geo

Enterprises, ISA).

The undisturbed soil samples were kept within the coring cylinders, which were
placed into the compression cell, and afterward subjected to pressures of 23, 50, 104,
200, 400, B00 and 1600 kPa respectively. Assouline er al, (1997) has shown that
Onisols reach equilibrium at these pressures. Each pressure was applied until 90% of
the maximum deformation was reached and then the pressure increased to the next
level. Having applied all the different pressures, the applied pressure and the dial
mdicator were removed and the apparatus disassembled. Then, the wet sail samples
oven dried to constant weight in 24 hours at 105 - 110% and these weights (i.e. dry
weight of the soil samples plus the corresponding ring) were thus recorded in the data
sheet. Measurement and analysis of data were carried out at the laboratories of:
Federal University of Lavras, Lavms, MG, Brazil; Depantment of Agricultural
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Engineering, Federal University of Technology, Akure; and Department of
Agricultural Engineering, Federal Polvtechnic, Ado — Ekiti.

2007701 /08

Plate 3.7: Multi Step Consolidometer

34.5 Determination of %% Maximum Deformation

The 90% of maximum deformation was determined by drawing a straight line through
the data points of the initial part of the curve obtained when dual readings were
plotted versus square root of the time, until this line intercepts the Y-axis {dual
readings). A second straight line was drawn from this intersection with all the
abscissas 1.15 times as large as corresponding values on the first line. The intersection
of this second line and the laboratory curve is the point corresponding 1o %0%
consolidation {Taylor, 1948; Assouline et al., 7997; Dias Junior and Pierce, 1995).
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A5  Bearing Capacity Model

In obtaining the load bearing capacity model of the soil under study, the stress versus
strain data were first used to construct the soll compression curves. From these, the
preconsolidation pressuves (o) were determined following the procedure of Dias
Junicr and Pierce | 1995},

.!_-

Preconsolidalion pressimg

2 ulk Densily

Sacendary CompresEon s
[Elastin Parfomatan)

Vingin pompressian ounes
{plastic per fermation))

e

Log Appled Frassure . —

Fig.3.4: Soil Compression Curve
Source: e Jreannd Plerce (1005),
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The preconsolidation pressures values were therefore plotted against its moisture
content and a regression line fied from an exponential function in the form 1077 0
(Dias Jr and Pierce, 19935), The regression line obtained gives the load bearing
capacity model of the soil under stady and it represents the adjustment of
preconsolidation pressures (o varying moisture content. The regression analyses wens
accomplished using the software sigma plot 10.0 (Jandel Scientifich, Statistical

comparison of the rearession lines for the study sites was also carried oul
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CHAPTER FOUR *
RESULTS AND DISCUSSION

4.1  Physical and Chemical Properties of Seils

The physical attributes of the soil samples from the various sites are presented in
Table 4.1. The result of the particle size analysis when plotted on the Soil Textural
Trangle showed that the soil in both the A and B horizon of the samples collected at
lre were unifcrmly Sandy Clay Loam. Similarly, the sample collected al the A-
horizon of Ove was Samndy Clay, while the B—hnﬁznn sample was Clay. The lkere

sample is also classified as a Clay Soeil.

Relatively, sand particles were high in all the sample analysed, while the silt
proporiion was generally low. This largely sccount for the high infilivation rate, but
low infiltration capacity in soil from the study area. The combination of these factors
with the high mlensity storm pattern in the sudy area could account for the
dominance of Hortonian overland flow (infiltration excess) in the runoff mechanism
(Ajayi ef al., 2008).

Table 4.1: Particle size distribution of the soil

Soil Clay Sand Silt Textural Classification  SIUCly
Label (%) %0 ) {5 Ratio

DyeAa 358 433 [5.5 Sandy Clav Joam 0.53

OyeB 550 4.5 §i B Clay 0,19

Ire A 30 357 133 Sandy Clay Joam 042

Ire B 21 34,3 [34 Sandy Clav Joam 0,49

lkers 451 387 [h2 Clary (.37

The chemical properties of the soil samples presented in Tables 4.2a & b indicate that
the samples are acidic, The duata also indicate proportion of potassium, phosphorous
and calcium in the soil, The chemical constituent of sl has been reported to

influence the compression charncteristic (Bauvmgartl and Kock 2004 in Ajayi, 2007,
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Another factor that has been observed (o influence the compressive behaviour of soil
15 the orgamic matter content, It was observed that the effect of the organic material on
strength characteristics depends on the concentration of the organic material, the
mioisture status of the soil sample and the particle size distribution, Organic content in
the soil influence soil particle density (Ajayi, 2(07). In the entive studied sample, the
organic matter contents were fow, thus, the effect on the strength attributes will be
minimal. In theory, low soil particle densities indicate high organic content. Low
organic content in the soil reduces its infiltration capability, resulting in reduced

maosiure content in the soil.

Table 4.2a:  Chemical Properties of the Soil Studied

P

Sl FlHw K ' Mg At H+Al SB CEC T
abel H.O g cmoleidm’

[EE 54 .4 a2 [ | 1.4 X 2.8 132 i
eB A 0.9 22 2] 07 03 29 29 32 &g
A 6.1 iL& Ah 5.3 Lh §] L5 7 ¥ B3
B 6.2 0.4 il 4.7 3| i] L7 7 7 87
e - 0.9 f7 g - Ll iy 1,7 §2 52 63

The samples collected at the A horizon in Oye (Oye A) was observed to have a high
concentration of Manganese (Mn) and Iron (Fe), whereas within the soil, mimerals

such as Calcium (Ca), Magnesium (Mg) and Zinc (Zn) were very low.

Tuble 4.2b:  Chemical Properties of the Soil Studied Continue

v M 15Ma oM Paemy Zn Fea Mn
% dogkg  mgl Me/dm”
43.8 12 0.0 1.4 [ 6.9 o 014 [0, |
489.7 0.0 (.5 4.1 0.5 76,8 4,2

9
B824 0 A 0.9 iny o046 T34 313
204 il o0 R 243 46 L5 42.6
75.3 0 0.0 1.4 263 L5 98] 554

V= Dase sanraiion indices; M=olwminwm saicranion ikdices, W= Orpanic marier P-remsremainisg
phaspharus pHw= pH e waler, SB= snon of exchanges bases (Ca’' + Mg + K"+ Na'); CEC = cation
exchnnge capacity, T = cofien exchonye capaciy af pltaf 7o

The result also showed that Fe was well distributed compared to Mn in all the sites

except at Oye A-horizon where Mn exceeded Fe in proportion. Moreover, chemical
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properties such as V (base saturation indices), K, Ca™" are highly distributed at both A
and B horizons in Ire. and Ikere A-horizon samples while, A was gommpletely
absent. Oxides of Ca, Al and Fe act as binding agent in soil when they hvdrate and
harden. It is therefore expected that their presence and concentration in the samples
will influence the binding characteristic of the soil aggregates into larger ones at the

appropriate soil moisture level.

4.2 LOAD BEARING CAPACITY MODEL

The representative load bearing capacity curve for the study sites are presented in Figs
d4.1a - 4.1e. The models attenuate the influence of 2o0il moisture on the load support
capacity of soils, It 1s clear that in all the studied samples, the load support capacity
reduces as the moisture content increases, . It was observed that the strength of the
soil samples reduces although not linearly, with increases in the moistures content of
the soil. This observation was consistent with results from several studies on the
strength of soil samples (Peng et af., 2004 Pereira ¢r afl., 2006; Dias Junior ef al.,
2007, Ajayi, 2007),

The models alse showed the dynamism of load suppart of the different soil horizon.
Discrepancies were observed in the behaviour of models constructed with samples
collected at different depths of the same site (sumple collection pit), The dilference
was more obvious in the model constructed for samples from Ire A and B horizon.
The hehaviour however is traceable to the difference in moisture retention capability
and physical behaviour of the soil, For example, while the load bearing capacity of the
A-horizon stopped at less than 025kg/kg moisture content, that of B-horizon
exceeded 0.3kg/kg moisture content.

(e
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At low soil moisture content, the load beanng capacity of the sofls mnereased with
increasing moisture content. This increase in soil load bearing capacity bs as a result
of increased cohesion between the soil particles, occasioned by the gradual increase of
the moisture content and this possibly justifies why soils with high bulk density snd
low porasity have higher strength at lower moisture conténl. Thus, cohesiveness of
the soil particle would only continue 1o & certain moisture level, associnted with the
structure and clay content of the soil (Reatto ¢ el., 2007). Having exceeded this fevel,
further addition of water would result in decreased strength, thus creating greater pore

water pressure when external stresses are applied.

These models also gave hint of the water holding capacity of the differént sites
samples studied and showed the effect of organic matter on water holding capacity of
the soil samples. All the samples have relatively low water holding capacity, The 34%
Upper limit of so0i1l moisture that would still support extérnal load record at Ire B-
horizon was the highest and this may not be unconnected with hardpan experignced af

the horizon.

The lower values of pre-consolidation pressure in the samples collected at Ire site

compared to others suggest that the incidence of organic matter (Tables 4.1 & 4.2a-b)
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could modify the compression characteristics of soils; thereby shifting the bearing
capacity curve, and altering the ability to withstand pressure from external load, Low
concentration of organic matler in the samples resulted in significant deecrease in the
strength at any compaction level. This happens because, with higher organic matter,
more moisture would be required o initate the Aow of the soil unlike when the
organic matler concentration is low. Alsg, al optimum moisture content, orgamc
materizls acting ns binders, improve the infiltration characteristic of the soil thereby,
reducing compaction  susceptibility. This accounts for  better load bearing
charscteristic noticed in Oye and kere samples, Thus, organic matter has significant

effect on the bearing capacity of a typical soil sample,

The various particles dominance within the soil structure mfluences the compaction
susceptibility to external stresses, Dominance of clay in samples from Oye B-honzon
and Ikere A-horizon improved thewr load bearing capacity al moderate moisture
content, The pre-consolidation pressure of well above 400kPa was recorded for the
two horizons at O.1kg/kg moisture content. According to Ajayi (2007), dominance of
clay in a soil could mean low porosity and higher bulk density depending on the cley
mineralogy. These two conditions would translate to low storape space for water
depending on the soil structure. Hence it could be deduced that effect of organic
matler on compression characteristics depend on the concentration of organic

material, moisture status of the soil sample and particle size distribution.

4.3 MOISTURE RETENTION

The moisture retention curve of different soils vsed for this study is presenled in
Figure 4.2, Highest water retention at all the matric potentials were recorded in the
samples collected ot Ove while the lowest were from samples collected at Ire. Water

reiention reduces with increasing matric potential in all the samples,
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The average values of moisture retained with the soil fayers at the different matric
potential reduces in the direction of increasing sand content. This was simifarly
observed by Reatto ¢t af (2007). The samples collected from There were observed o
specifically retain more water at 3kPa, The observation could be attributed to the clay
mineralogy which inflluences the specific surface aren of the soil. Moisture retention
in the sample however normalizes ot about BkPa. ‘This observation has direct
implication on the sirength and trafficabaliy of the soil during the wet seasons. In the
days following rainfall event, the water level of the soil will reman very high except
thiere is an adequate drainnge provision. The use of heavy equipment that may suhject
the soil to pressure shove the preconselidation pressure must be completely avoided
to forestall a permanent damage (o the soil structure, It was evident that the hydrauli

stress created during this period would be very high.

4.4 SOIL MINERALOGY AND SOIL STRENGTH

The X-ray diffractograms (XRD) of clay particle fractions of the soil samples
describing their respective mineralogical constituents are shown in Figures 4.3a -
4 3e, The Secondary minerals held mostly within the clay fraction were studied in 4

diffractogram. Quartz was also found as secondary minerals in samples from Oye A
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& B horizons, and Tkere A-horizon. The secondary minerals in the samples were
aluminosilicate minerals such ss koolinite; SaAlLOy (OH)y, oxides and hydroxide of
Al and Fe such as Gibbsite; AlOH), Geothite; FeOOH. Others included: Mica and

VHE. Since these minerals are found mostly within clay particles, they are referred 1o

as clay mumerals.

Ovye Ekiti A - Horlzon

Kt

—
‘ 355 25.9 15.5 5.5

Figure 4.3a:  XRD for fine Clay fraction of samples from Oye A Horizon

Oye Ekiti B - Horizon

I\ ] L

5.5 255 15.5 5.5 |

L e - =

Figure 4.3b:  XRD for fine Clay fraction of samples from Oye B Horizom
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Figure 4.3d: XRED for fine Clay fraction of samples from Ire B Horizon
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Figore 4.3e: XRD for fine Clay fraction of samples from [kere A Horizon

EEY: Cz=Chiartz, Ki=Kaplinite, Gi=Gaethite, Mi=Mica, Glh=ibhsie

Clay minerals are assemblages of tetrahedral and octahedral sheets amanged in unigue
format depending among other things on the oxides levels, parent muaterials and soil
age (Spark, 1995). Armangements of these minerals shegts aflect the structure of the
soil, and consequently the strength attributes of the soil samples (Jones ¢t al., 2003}

The soil type from mineralogy analysis for Oye EKifi, Ire Ekiti and Tkere Ekiti could
be described as Ultisol, Inceptisol and Oxisol respectively. Predominant soils of the
tropics are Oxisols (22.5% of the area in the tromcs), Aridisols (18.4%), Altispls
{16,2%); Ultisols (11:2%), Entisols (8:2%), and Inceptisols (8.3%) and others (132%)
{van Wambcke, 1992}

Ultisol collected at Oye-Ekit was from a wide range of parent materials, Kaolinile,
gocthite and & lew quartz-interfayered types of clay were commen in the fraction,
with low base saturation and very low calcium content. Oxisol from lkere site was

dominated by kaolinite with little goethite and quartz. The composition of the clay
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fraction suggests that, it is kaolnite- a dioctahedral kaolin, The oxisol sample showed
high resistance to compaction but the soil twmed slippery at high moisture content.
According to Lal (1979) oxisols and ultisols are highly weathered, have low CEC,
low plant notrient reserves, and low plant-available water capacity. Inceptisol
collected at Ire-EKili also have kaolinile and goethites as part of s constituent sdded
lo these are mica and gibbsite, The hardpan noticed at depth 55¢m of the inceptisal
sainple pit depict soil of minimal development with distinctive horizon, which
accounts for the clear difference in compression characteristics of its A and B

horizons.

Furthermore, kaolinite sheets have a face-to-face orrangement, and are interdocked
and stcked by hydrogen bondimg, thus, there are no imterlayer spaces. This
arrangement, results in a platy (prismatic) soil structure with high bulk density and
low porosity (Jones et al., 2003; Ajayi et al., 2008). The rich presence of oxide in the
clay [raction, facilitate the cementation ond that explains the high load support

capacity of the sample from lkere and Ove B-horizon at moderate moisture content.,

The presence of gibbsite in the clay minerals of sample from Ire-Ekiti {Inceptisol)
hinders the face-to-face arrangement of the kaolinite sheets, The gibbsite and other
oxides acted rather as o wedge between the kaolinite sheets, therehy producing o
granular and single grained structure respectively in the soil sample. Consequently the
soil of Ire-Ekiti have lower load bearing capacity compared to the platy structure from
a face-to-face ammangement noticed in [kere and Oye samples. Another contributory
factor to lower load bearing capacity of Ire-Ekiti sample was the prevalence of the
sand particle in the soil sample which inhibit the cohesiveness of the kaolinite plates
resulting in a weakly developed blocky soil structure which get weaker in strength, s

moisture content increases.
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATION

5.1 CONCLUSIONS

Undisturbed soil samples were collected at three study sites in Ekiti State, The particle
sizge distribunion and chemical properties of the soil samples were determined, Load
bearing capecity model constructed from the measurements of the preconsolidation
pressure of soil samples at different moistare content were compared. The X-Ray
Dilfractogram obtained was used to idemify the clay particle minerals of each soil
sample. The result showed that soil mineralogy influence soil compression
characteristics as, it was observed that clay particle mineralogy has significant effect

an soil structure and consequently the load bearmg capacity of the soil samples.

The soils from the study sites were identitied as Ultisol, Inceptisol and Oxisol. The
oxisol and ultisol were dominated by keolinite, which formed o fuce-to-Tace
arrangement resulting in & platy soil structure with high bulk density, and low porosity
that facilitated high compression reststance choracteristics. The presence of mbbsite
and high proportion of sand particle fraction in the inceptisol redoced its load bearing
capacity and water retention ability. Generally, the load bearing capacities of all the
samples were relatively low at the moisture level where field agriculture operations
take place. Experience from literature suggest that such soil need more preparatory
steps, with medium size implement to avoid losing soil fayer above the
preconsolidation pressure. The result explained how mineralogy of soil influences its

compression characteristics, moisture retention and load bearing capacity,

52 RECOMMENDATIONS

In order to decide what land use system to recommend for any region it is necessary
o consider not only the ecalogical requirements of the crop to be grown but also the
anpropriate technologies to be used by farmers. However, the methodology adopted in

this study 15 useful in taking decision on agricultural soils in any region of Nigeria.



Thus the following are recommended:
L The study should be adopted for other agricultural soils within the region

of study for better soil management skill,

[

The study should he cartied out in other regions of Nigena 1o abrain
sccurnte  localized results for excellent agriculmml operations  and

planning,.
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