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ABSTRACT

This study compares laboratory measured soil water characteristics to an, American
developed graphic computer programme (hydraulic properties model) which
predicts soil water characteristics. Soil samples from four dug pits at different
depths were obtained. Two pits at Chanchaga irrigation scheme and two pits at
Federal University of Technology Minna Bosso Campus school farm, within the
periods of June and July, 2006. The samples were analyzed and values for
dependent and independent variables obtained. Percentage sand, percentage clay,
percentage organic matter, percentage gravel, salinity and compaction are the
independent variables, while wilting point, field capacity, available water, saturated
hydraulic conductivity, saturation, and bulk density are the dependent variables.
Salinity and percentage gravel were assumed to be zero, while compaction was
assumed normal for the soils. The laboratory measured and model predicted values
of the soil water characteristics were tested for significance using Chi-square
method. The model predicted percentage saturation, field capacity, saturated
hydraulic conductivity and bulk density were statistically in agreement with the
same laboratory measured variables for the two sites. However, saturated hydraulic
conductivity of pit two Chanchaga and Bosso sites were not statistically in
agreement with the laboratory measured variables. The model predicted wilting
point and available water for the two sites were also not statistically in agreement

with laboratory measured variables.
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CHAPTER ONE

INTRODUCTION

Soil-plant-water relationship relate to the properties of soil and plants that affects the
movement, retention, and use of water .Soil provides the room for water to be used by plants
through the roots present in the same medium. Water as such and also as a carrier of large
amount of nutrients, is required in large measure for the successful growth of crops. The rate
of entry of water into the soil and its retention, movement and availability to plant roots are
all physical phenomena. Hence, it is important to know the physical properties of soils in
relation to water for efficient of irrigated agriculture.

The answer to a problem in soil Engineering is normally obtained by first determining the
properties of the soil in question and then employing these properties to work out solutions.
Since the soil at every site is different, the soil involved in each different problem must be
evaluated. Often this evaluation can be from knowledge of the geology of the site or from
experience with similar soils. Usually, however, the soil properties must be determined by
laboratory or field test.

Broad interpretations of soil physical data are often difficult to quantify accurately
because of the nature of the soil and/or the tests employed. As a general principle, as much
information as possible should be used from projects already in operation, rather than the
some what artificial results from the tests (Landon, 1991). Difficulties in interpretations of
test results arise for a number of reasons, which include:

(a) the degree to which the soil sampled represents the natural soil under consideration: soil
spatial variation, poor sampling techniques, and disturbance of natural soil conditions
(especially of structure) can all contribute to the production of unrepresentative test results;

(b) The amount of external influence before or after sampling: many physical properties can

be substantially altered by soil treatments such as cultivation practices or by factors such as a



change in soil water content; test interpretations or comparisons, unless made under standard
conditions, arc therefore very difTicult.
(¢) Differences in methods used [or testing: standard tests procedure varics considerably between
countrics and organizations and varics in particular between the use of laboratory and on-site
lesting.

From the view point of designing, as well as interpreting, a programme of soil physical
measurcments, the variability of soil propertics is crucial. Soil physical measurements are

therefore of very great importance for project planning and design.

A graphic computer programme developed by Saxton (1991) is used to estimate the
hydrological water holding and transmission characteristics of an Agricultural soil profile laycr
using only the soil texture selected from within the ranges shown on the graphical soil textural
triangle (Appendix G), the variation of soil water tension and conductivity with water content
and the related water holding characteristics are estimated. The water characteristic values based
on texture are further modified by additional soil val'iablés of organic matter, salinity, gravel, and
compaction whose values are sclected using the slider bars for each variable.

In this study, physical propertics of different samples from different points were laboratorilly
measurcd and compared with this graphic computer programme predicted properties. In other

words the laboratory measured values were compared with the computer programme predicted

values.
1.1 Statement of the problem
Laboratory analysis in dctermining some soil water characteristics many be unavoidable, but

laboratory determination of all the characteristics or parameters in planning for an irrigation

system, consume a lot of time and energy.




Lack of stt,mdard laboratories, finance, and required technical know- how are hindering
de\;eldpments in agriculture, especially in the developing countries like Nigeria.

Study of this nature will reduce drudgery, cost of equipment, apparatus, reagents, save
time, and assist in planning an efficient irrigation system at minimum cost.

1.2 Objectives of the Project

= The objectives of this study are;
g (l.). 'lI‘o' defennine the soil water characteristics of the project locations (Bosso L.G.A and
' Chanchaga L.G.A)
(2) To compare the field measured values of the soil properties with hydraulic properties
model predicted soil properties

(3') To validate the computer programme (model) under the moist Guinea savannah zone of
Nigeria.




1.3 Justification of the Objectives.

In many African countries, like in Nigeria we do not have full information on water
requirements of our major agricultural crops, so there is the important need for relevant
studies on the physical properties of soils, water needs and their relationship to crops in the
country. As a model for predicting soil - water characteristics, such studies will provide the
vital information on the available water content of soil profiles as factors in soil classification
and it suitability for crop growth

It’s only with such information/data that we can plan and design effective irrigation
system at a minimum cost.

It is a comparative study of laboratory measured soil- water characteristic values with
model predicted values. Specially the study will attempt to establish whether;
(1) There is statistically significant difference between the laboratory measured soil-water
characteristic values and the model predicted values;

(2) The model could be applied to Nigerian soils.




CHAPTER TWO

LITERATURE REVIEW

2.1 Soil-water and plant relationships

2.1.1 Water Relation to Soil

|P0re spaces in soil are partly filled with soil air, liquid vapor and partly with liquid phase of
soil water. Ghuxﬁan and Maurya (1980) gave the assertion that irrigation water become very
necessary because of large amount of irrigation water would affect the suitability of soil for crop
- production. Water affects intensely many physical and chemical reactions of soil as well as plant

| growth Soil serves as storage reservoir for water. The movement of water in the soil is complex
beltl:'ahSéqof the various state and directions water moves and also bec;use of the forces that cause
it to move. The movement éf water from the surface and through the soil is called soil water

| intake. (bbiechefu, 1990).

2.1.2 Movement of water within the soils.

2.1.2.1 Hydraulic Conductivity

| The hydraulic conductivity (or_permeability) of soil, K, in cmh™, defines the volume of
water which will pass through unit cross-sectional area of a soil in unit time, given a unit
. difference in V\I'ateg potential. The measurement is being made fore two purposes;

' (a) For comparison of hydraulic conductivity rates of different soil horizons, particularly as a
guidé to water movement and possible drainage problems within soil profiles; and

(b) As albases for in- field drainage design (Landon, 1984).

' 2.1.2.2 Saturated Hydraulic Conductivity

Conductivity is a constant referring to the flow of fluid through a saturated conducting

medium, derived from empirical relationship by Darcy(1950) between the rate of



flow of water timough saturated columns of sand and the hydraulic head loss; This may be

expresspd as follows;
‘ | q=KAh/L

Where, q ‘= is volume rate of flow across a plane x|10rmal to the direction of flow
I(}Q:;Ej'ﬂraulic conductivity, yvhich is the volume rate of flow thr(:ugh a sample of unit cross-
secﬁox;al area under the inﬁucnce of a unit hydraulic or head gradient.
.A = croés-sectional area through which the flow takes place.
h = hydraulic head expressed in moving water from one side of the sample to another
- L =the length of the sample in the direction of flow.

Con;_iucﬁvity values are related to textural and structural characteristics of a soil, by the
F.A.O (1963) classification. '

' Soil with hydraulic conductivity values below 0.1m day™ require excessively close drain
and spacing and l;ence some artificial modification of subsoil water movement by moiling or
sub- soiling is essential for practical and economical field drainage system. Hydraulic
oonductivﬁy of 0.1 to 1.0m day" is the most critical for drainage design, and greatest accuracy in
measuri‘xlxg'. k is required in this range. |

In soils with abrupt horizon changes, corresponding changes in the hydraulic conductivity
values can have serious effects on the movement of irrigati?m or drainage water within the

' proﬁl"e. Landon (1984). -
2.1.2.3 Soil Structure.
l F Soil structure refers to the arrangement of particles in a soil. In an thereby produces what

is called a granular structure, which is desirable because permeability and water holding

capacities are increased and clumped particles are more resistant to erosion.
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Grading and compaction of soil during construction and excessive tillage with tractors destroy
the natural structure, reduce permeability and increase runoff and erodibility.A good soil
su:ucture has ability of increasing soil aeration, water holding capacity, and facilitate microbial
acﬁyify.smdima and Onazi(1986)
2.1.2.4 Soil Permeability
| ~ Soail ﬁcymeability refers to the ability of soil to allow air and water to move through it.
Soil texture, structure, and organic matter all contribut‘c to permeability. Site with high
petmeablc soils absorb more rainfall, produce less runoff, are less susceptible to erosion and
support plant growth more successfully Landon (1984)
2.1.2.5 Mo'isture content.
There is the need to have basic knowledge on the capacity of soil to retain available
irrigation water. Some soils produce crops despite the lapse of many days
and some times weeks during their growing season, between periods of rainfall is an evidence of
their capacity to store a\;ailablc water, since all growing plants require continuous water.
- When designing irrigation and drainage systems the capacity of soil to store available
lmo'is.tmt': for the growing crops needs is of great importance. The term “soil moisture content” is
uséd to refcr 'tq the water that may be evaporated from soil by heating to between 100°C and
11°C uqtil there is no further weight loss. Gardner (1958) The methods of estimating moisture
content include;
Gravimetric method
T;nsométa method
‘Prcssure membrane and pressure plate method
Ncuron prob;: method

" Appearance and feel of the soil

O
l"p “1 "
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Using electrical properties
However for the purpose of this study, gravimetric method was used.
M.C = (% Volume v/v) = M.C (%by weight w/w xB.D)
Where M.C = moisture content , B.ID = Bulk density
i.e. M.C (%v/v) = (weight of water/weight of dry soil) x (weight of dry soil/Total Vol.
of soil) (Landon, 1984)
2.1.2.6 Field Capacity (F.C)

The water content in the soil, 1-3days after water has been applied and drainage has
largely ceased is defined as the field capacity. For practical purpose, the F.C is expressed as a
percentage of the soil dry weight is considered a constant, for a soil sample at F.C then

F.C = Net weight (at F.C) — oven dry weight x 100)/oven dry weight

The F.C is lower in light than in heavy soils ranging roughly between five and twenty
five to thirty percent. (Egharevba, 2002)
2.1.2.7 Bulk Density

This is the density of the bulk soil in its natural state, including both the particles and
the pore space (Michael, 1978).Bulk density is divided into wet bulk density and dry bulk
density. Wet bulk density of a soil is the mass of the soil including any water present in the
soil per unit volume expressed as:

Dw=MT/VT
Where, MT = total mass of soil ,VT = total volume of soil and Dw = wet bulk density
In which dry bulk density is the mass of oven dry soil per unit volume of moisture soil

expressed as Dd =Ms/Vt



Where Ms = mass of soil solid

Vt = total volume of the soil

Dd = dry bulk density

Wet bulk density, dry bulk density and moisture content of soil are related as follows
Ps=110[e] / 100 +w

Where, Ps = dry bulk density

e = wet bulk density

w = moisture content of soil

Bulk density of soil is affected by the compaction, when a soil under goes compaction its

bulk density increases.

2.1.2.8 Infiltration

Infiltration refers specially to entry of water into the soil surface. Infiltration capacity
is the measure of the extent a given soil under specified condition can take in water,
(Obiechefu, 1990).1t is quantitatively found to be equal to the difference between the initial
moisture content and the moisture content at saturation, (Okoro, 1978). Horton, (1940)
defined infiltration capacity as the maximum rate which a given soil, when in a given
condition can absorb rain as it fall.
2.1.2.9 Soil Texture

This refers to the sizes and proportions of the particles making up a particular soil.
Sand, silt, and clay are the three major classes of soil particles. Soil high in sand content are
said to be coarse textured. Because water readily infiltrates into sandy soils, the runoff, and

consequently the erosion potential, is relatively low. Soil with a high content of silt and clays




are said to be fine textured or heavy. Clay, because of it thickness, bind soil particles together
and makes soil resistant to erosion. Soils that are high in silt and fine sand, low in clay and
organic matter are generally most erodible, well drained sandy and rocky soils are the least
erodible. (Goldman, 1986)
2.1.2.10 Wilting Point
As water is extracted from the soil-water reservoir through evapotranspiration (E.T),
the surface tension is increased. At about 15atm plants can no longer extract the water and
wilt permanently. The soil-water at that time, on dry-weight bases is defined as the permanent
wilting point (PWP) or simply wilting point (WP). Once this is reached, the soil-water
reservoir is empty. (Egarevba, 2002)
Wilting point is estimated as hydraulic tension of 1500Kp (15bar) and dependent only on
the texture and unaffected by salinity or gravel (Saxon, 1986)
2.1.2.11 Percolation
This is the downward movement of water through saturated or nearly saturated soil in
response to the force of gravity. Percolation rate is synonymous to infiltration rate with the
quantitative provision of saturated or nearly saturated condition.
2.1.2.12 Matrix potential (ym)

When soil is unsaturated and contains no gravitational water, the major movement
of water is laterally from soil to plant roots. The important forces affecting water movement
are adhesion and cohesion forces (Henry, 1990). Adhesion and cohesion effect are intensely
affected by the size and nature of primary soil particles and pores. The resulting physical
arrangement of surface and space, owing to the texture and structure is the soil marix.The

interaction of the soil matrix with the water produces the matrix water pptential.

2.1.2.13 Plant Available Water

10
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This is the difference between the water content ai field capacity and the permanent
wilting point. Trrigation should be scheduled 1o mainiain ithe waler content of the soil between
these two extremes.

Field capacily waler conlenl - Willing point waler content = plant available waler. (Agvise
Laboratories, 2006)
2.1.2.14 Porosity

This is an index of relative volume of pores 11 is influenced by fextural and
structural charactedistics of the soil (Michael, 1980)

Apari from quantity distribuiion, the torinosity and continuity of pores are imporiani
features influencing aeration in soils, but they are less easily measured, and in most surveys
only quantitative observations are made.

2.2 Assessing Crop Waler Requirement
The quaniity of water needed fo ninpate a given land area depends on a number of

lactors, the most imporiant beng;

Nature of crop

Crop growth cycle

Climatic conditions

Type and condition of soil

Land topography

Field application elTiciency

Conveyance efficiency

Waler quality

11




The design of a small irrigation pump instatlation will need (o take all this into account.
The crop lakes its waler requirements [rom moisture held in (he soil. Useful water (or the

crops varies between two levels, the permanent wilting point and field capacity.

T ’//I 7 7
"3 -1 / / Va3
; ,(Jr;lul)(
7

Max. Available '/ T |/ T 'I T ]/ T |I T |/ [/ T ""““""‘“4“ F.C
water l I Cfmil]m\-l NEEEE . )
O N TNl T (O O T Storage capacity
l [ T I O B R A A v
FNe] T IO RS TR e e S Ribikaillely oG s v i v bl s PM)

Fig 1.1 soil moisture quantities

2.2.1 Crop Growth as a Function of Soil Moisture

The rate of crop growth depends on the moisture content of the soil. There is an
optimum growth rate condition in which the soil water content lies at a point some where
between FC and PWP as below. However this point varies for different crops and for
different stages ol growth and so, it is not easy (o adjust the irtigation intervals so that there is

optimum crop growth.

12




PP Optimum growth F.C

Rate of crop
growth

Moiture content of soil

Fig 1.2 Rate of crop growth as a function of soil moisture content.

An estimation of the quantity of water that is required for irrigation can be usually obtained

from local experts and agronomists. It involves several calculations stages (Doorenbos and
Pruitt, 1977)

(1) Prediction methods, used to estimate crop water requirements (consumptive use), because of
the difficulty of obtaining accurate field results measurements.

(2) The effective rainfall and ground water contribution to crops are subtracted from the crop
water requirements to give the net requirement. Net irrigation water requirement equals crop

water requirement minus effective rainfall water in the soil

13




(3) Field application efficiency and waler conveyance efliciency are (aken into account to give
the gross pumped water requirement.
Gross waler requirement (GWR) =Nel waler requirement (NWR) /System Design EfTiciency.
Irrigation interval (peak) days =Nel (peak) mm / Average ET (CU), mm/day.
2.3 lrrigation Scheduie Maodel
An irrigation schedule model was developed in which the current and future soil
contents are estimated (Hanks and Hill, 1980). When (he soil water content drops (o a -
specified level, the programme indicates that irrigation is needed  Estimated soil water (SW)
content is determined by;
Sw; = Swy+ Rain — E Te — Dp
Where Swl and Sw2 are the beginning and end ol total available soil water, and Dp, is the
deep percolation or drainage out of the roof zone and F T¢ is the crop water requuirement.
(Egharevba, 2002)
2.4 Salinity Effect on Soil Water
Soil salinity designates a condition in which the soluble salt content of the soil reaches
a level harmful to the crops through the reduced osmotic potential of the soil solution and the
toxicity ol the specific 1on. These soluble salts may be [rom (hose present in the original soil
profile or transported to profile by irrigation water containing an unusual high concentration.
Salinity largely alTects the up take ol water through increased water polentials; however it
can also affect the hydrologic processes of infiliration and redisiribution through chemical
induced changes of structure and aggrepation. Salinity alTects soil water by adding osmotic
potential to the soil mainx potential as seen by plant roots as they absiract soil water by
osmosis. Malrix potential is a properly of sol (exture related to capillary tension and assumed
constant as salinity changes. The nel result is that while soil water content and matrix

potential are not allected for hydrological budget consumption, plant up take and crop water

14




stress are affected as a result of increased total water potentials and reduced plant available
waler

Saturation (SAT) and field capacity (FC) are physical properties of the soil matrix that are
dependent only on the texture and are unaffected by salinity. Wilting point is the water
content below which plants are unable to extract water from the soil, estimated as a total
hydraulic potential of approximately 1500Kpa. As the salinity increases, the water content
occurring at a total hydraulic potential of 1500Kpa will decrease since plant available water
(PAW) is defined as the deference between field capacity and wilting point moisture
contents, the decreased wilting point also decreases pant available water. Salinity is most
often measured as electrical conductance (EC) of a saturated soil extract in ds/m (decisiemens
per meter, equivalent to milimho/cm). The relationship between the measured resistance and
the osmotic potential (o) at saturation has been given by Vo =36xEC.Where, Yo = osmotic
potential in kPa and EC = Electrical conductivity in dS/m. (Saxon, 1986)
2.5 Compaction Effect on Soil Water

Soil profiles often have specific layers which have become more compact and dense

than will be the mean for that particular soil texture as defined by the samples set used in the
texture triangle estimates. This increased density often has obvious effect on the profiles
hydrologic performance; particularly with regards to water conductivity as the soil pores are
compacted smaller or closed. In the other regards, soils that have been tilled often have had
increased porosity and lower densities established, although this is often a somewhat
temporary condition as the soil re-compact under additional tillage and rainfall (Saxon, 1986)

2.6 Organic Matter Effect on Soil Water

15



Organic matter within a soil is decomposed plant and animal litter, it consist of
colloidal particles. This kind of organic matter helps bind the soil particles together, improves
soil structure and increases permeability and water-holding capacity.

Organic matter on the water holding and transmission of soil water has been studied for
many years with varying results.

However, the reviews in recent years have shown some useful trends that were
incorporated into this soil water hydrological model.

The data set from which the original relationships to estimate soil water characteristic
had a generally low organic matter content averaging only 0.6%.This is the result having
been collected throughout the depth of many soil profiles, thus only a small portion of the
samples were from near surface horizons where organic matter will be expected to be higher.
The analysis of this data showed little effect of organic matter on soil water; however this is
likely the result of the fact that the content and the range of organic matter was law for a
significant portion of the sample. With such a lower average and the generally known fact
that organic matter does impact water holding characteristics, it is logical to make adjustment
of the texture derived values, particularly for those horizons near the soil surface. It is not
expected that these adjustments should be applied beyond the organic matter content of
typical mineral-dominated agricultural soil, thus certainly not for soils that would generally
be classified as highly organic or “peat” (Saxon, 1986).

Hillel (1998,) noted that is obvious that the shape and range of the soil-moisture
characteristic curve depend strongly on soil texture. He further noted that the low, (<100kPa)
of the matric suction curve depend mainly on the capillary effect the pore-size distribution,
hence is strongly affected by soil structure. At higher and drier suction, water retention is

increasingly influenced less by structure and more by texture. This suggests that the increase

16



CHAPTER THREE

MATERIALS AND METHODS

3.1 Study Areas

The study areas are Chanchaga irrigation scheme. in Chanchaga local government of
Niger state, located between latitude 9°34'-9"37'N and longitude 6°36-6°39'E Falade (2005)
and Federal Umiversity of Technology Minna school farm. Bosso campus, longitude 8° -10° N
and latitude 5° - 7°F in Bosso local government ol Niger stale (Zahadi, 2003) .
3.2 Study Period

The study was carried out between the months of June and July 2006, The mean
temperatures and evaporations of the two months were recorded as 31.5°C, 30.1°C and 3.0,
2.1 mm, respectively. The (otal rainfalls were 1077 and 229 7mm for June and July. (Table
D)
3.3 Materials and Methodology

The materials used include; core samplers. mallet, shovel, hoe, steel tape, elc.

Two rectangular pits about 50m away (rom each other al two dilTerent sites, each of
2x1x1.5m were dug using hoe and shovel Five soil core samples were taken progressively at
each 20cm downward. Ordinary soil samples al these depths were also laken for particle size
analysis and wilting point water confent defermination. Water confent at various levels,
hydraulic conductivity and organic matter content were also measured from these two
varieties of samples.
3.4 Laboratory Determined Parameters.

Independent variables
(1)  Sand (%wt)
(2)) Clay and

(3.)  Organic matier
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Dependent variables

(1)  Wilting point (% Vol.)

(2.)  Field Capacity (% Vol.)

(3.)  Saturation (%Vol.)

(4.)  Available Water (% Vol.)

(5.)  Saturated H&draulic Conductivity (cm/hr)

(6.  Bulk Density (g/em’)

3.4.1 Saturated Hydraulic Conductivity Measurement.

Soil samples were collected from five different levels i.e.0-20, 20-40, 40-60, 60-80, and
80-100 depth in undisturbed form using core samplers and taken to the laboratory. The
bottom end of the core samplers were sealed with a muslin sheet and completely saturated for
a day by placing them in a basin filled with water to about 4cm. The experiment was set up
by attaching another empty core sampler to the top of the filled core sampler with the aid of a

cello- tape. They were then clamped to a retort stand vertically as shown below.
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Figl.2 Constant head method of hydraulic conductivity determination
Water was slowly introduced into the core cylinder and a constant head was maintained for
one hour. Water was allowed to drain gradually through the soil sample into the graduated
beaker. The volume of the percolate was measured. This was repeated for the remaining
nineteen samples. The saturated hydraulic conductivity was determined as follow;
Saturated hydraulic conductivity =Vol of water per hr /Cross sectional area of the core.
3.4.2 Bulk Density Measurement.

Core samplers are commonly used take undisturbed soil samples. The cylinder of the
core sampler, which has its cutting edge, is driven into the soil and uncompacted core
obtained within the tube. The samplers were carefully trimmed at both ends. Empty labeled
cans were weighed, they were then filled with soil core samples and weighed again and were
oven dried at 105°C for about 24hrs, samples were again weighed.

Bulk density was determined as follow;
pb=Ms/ Vs
Where py =bulk density

Ms = mass of dry soil

20



Vs = Vol of soil
3.4.3 Water Content at Field Capacity Measnrement

Soil core samples were completely saturated for a day and after they were suspended
such that water is allowed to drain for two days. Weight of can and weight of can plus soil
were taken. The samples were then oven dried at 105°C for 24hrs. Water content at field
capacity was determined as follows;

Gravimetric water content = mass of water / Mass of oven dried soil
3.4.4 Water Content at Saturation Measurement.

Empty cans were weighed; completely saturated soil core samples were placed in them
and then weighed again. The samples were oven dried at 105°C for 24hrs. Water content at
saturation was determined as;

Gravimetric water content = mass of water / Mass of oven dried soil
3.4.5 Water Content at Wilting Point Measurement.

Ordinary fresh soil samples were air dried for a week. Weight of empty can plus weight of
can plus soil were taken using a sensible weighing balance. The samples were oven dried at
105°C for twenty four hours. Water content at wilting point was determined as follows;

Gravimetric water content = Mass of water / Mass of oven dried soil

3.4.6 Available Water Content Measurement
Available water content = water content at field capacity — water content at wilting
point.
3.4.7 The Graphic Computer Programme Use
Independent variable values of sand, clay, and organic matter are adjusted using the
slider bar on the ruler. The adjustment of the slider bar on the on the rulers could be done

starting from any independent variable. As the adjustments of the three independent variables
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are completed, the programme immediately predicts all the dependent variables including the

textural class.

3.5 Determination of Organic Matter (Walkley black)
3.5.1 Procedure
1g of 0.5mm sieved soil was accurately weighed into 500mm conical flask in duplicate.

10ml of IN K,Cr,0, solution was accurately pipette into each flask and swirl to gently
disperse the soil.20ml of concentrated H,SO4 using automatic pipette was directly streamed
into the suspension immediately. The flask was gently swilled until soil and reagent mix,
then it was again vigorously swilled for one munite.The beaker was again rotated and
allowed to stand on a sheet of asbestos for about 30 minutes.100mls of distilled water was
added after standing for 30 minutes.3-5 drops of barium diphenylamine indicator was
added.0.5N ferrous sulfate solution was used to titrate till end point was reached, which is
greenish cast end point and it then changes to dark green, at this point, ferrous sulfate was
added drop by drop until the colour changes sharply from blue to red and reflected right
against a white background. A blank titration in the same manner was made without soil
samples to standardize the dichromate. The results were calculated as follow; 7

%0.M = [(A-B) x 0.3N] /W

Where; A = Blank titer value

B = Sample titer value

- 0.3 = carbon conversion factor.

. W = original weight of soil

N = normality of FeSO4 = 0.5

OM=%0.Cx 1.729
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3.6 Determination of Particle Size Analysis by Hydrometer Method.

3.6.1 Procedure.

Two millimeter (2mm) air dried soil was served and 50g of the sample was weighed,
100ml of distilled water was added to the sample in a bottle and 5%sodium
hexametaphosphate solution which serve as a dispersing agent was added. The mixer was
placed in a shaker and shacked content was transferred quantitatively without loosing any
particle into the sedimentation cylinder, up to lliter marked with distilled water. The soil
sample was disturbed with the aid of a plunger for proper soil suspention.The hydrometer
reading was taken by immersing the hydrometer into the sample, and the stop clock was used
to determine the reading. The temperature of the suspension was also taken by immersing the
thermometer into the sample. The 40 second reading was taken to measure the percentage of
silt and clay in suspension, while the two hours reading without disturb was taken to measure
the percentage of clay in suspension. A blank sample was also prepared but without soil and
the reading also obtained.

C=R-RL +(0.36 xT)
Where C =corrected hydrometer reading

R = sample reading
RL = blank reading
T= temperature (°C)
0.36 = multiplication factor

% clay = Cx100/50

% silt = C+ clay - % clay

% sand = 100 - % silt + clay
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CHAPTER FOUR
RESULTS AND DISCUSSION
4.1  Water Confent af Safuration C-Fif | |
For normal soils like those in the (ropics, water conlent at saturation decrease
downward, because of the increase in clay content down the profile, this is reflected in pit
one, waler content at saluralion decreases ltom 0 -60cm, (hough (he clay content increases
only from 0- 40cm The decrease at 40 — 60 can be an énor n the laboratory measurement or
change in the nature of the soil (sandy) al that profile depth.

The increase in percentage saiuraiion from 60 -100 cm as shown in the table 4 1 below is
as a result of increase in sand content al these levels. The model predicted values for the
percentage saturation has some degree of consisience with the laboratory measured values.
From statistical analysis the predicted saturation values at 5% signilicance are accepted, since
the table value at 5% significance and ninefeenth degree of freedom is 30.14 which is greater
than the Chi square value. (See Table 4.1 below and Appendix A&B)

Generally soils with high degree of saturation have less trafficability and floatation. This
type of soil will require more drainage in cases ol excess cain (all or irrigaton. The growth of
non water loving crops is also hindered by these fypes of soils. From the table below it could
be seen that the soil degree ol saturation is just below 50% and so will not pose much treat of

excess water 1o the plants or hinder floatation and trafTicability.
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Table 4.1 S, MS, OM, X” and particle size analysis values of C-Pit 1

Pd S MS x* Sand Clay  Silt OM

020 375 477 22 591 316 93 05
2040 362 488 33 5901 366 73 08

40-60.° ' 353 454 23 63.1 25.6 1.3 - 12

6080 3738 453 12 691 256 53 03

80-100 414 47.7 0.4 69.1 27.6 33 - 03

YX'1=9.327

4.2 Water Content at Field capacity C-Pit 1
e Bahi sspscity kerkases Bom T < Bl et Thik cenhd e e 1ot Hightaess i
thm;aturc of the s(;il as a result of high sand and silt content. Field capacity is lower in
light.:soils than in heavy sbils, ranging from 5 and 25 — 30 (see literature review), it then
" increases from 60- 80 cm and then decreases. The model predicted field capacity show
some level of cpnsistence, however, the inconsistence in some values of field capacity to
the laboratory measured values could be due to the fact that the prediction is dependent
on th'e values of the laboratory measured independent variaﬁles: The statistical analysis
showed that the field capacity is well predicted. (See Table 4.2 below and Appendix

A&B)’




Soils thh good field capacity support plant more, especially when there is break in
mix;_fall, so therefore will require less frequent irrigation. From the table below the field
capacity could be said to be fair since it values are below 50% and therefore will require
ihigaﬁbn in cases ofl‘ long break in rain fall.

Table 4.2 Fc¢, MFc¢, OM, X* and particle size analysis values of C-Pit 1

PA T MFc X’  Sand Clay  Sit OM
0 345 273 . 20, 501 . 316 ° 9% 05
20-40 320 282 B9 591366 73 03
40-60 323 240 28 N 256 113 E2
60-80 34 235 54 6.1 256 53 03
80-100  33.1 242 33 691 276 33 03
‘ Y X’1=14.342

;1.3 Water Content at Wilting Point C- Pitl

The laboratory measured wilting point increases from 0 -60 cm and then decreases
at 80 -1.00 cm.The zero wilting point at 60 -80 cm indicates that the soil was completely
dried'duﬁng the period of one week exposure to atmospheric air. This could be as a result
of high.sand content, since water content at wilting point decreases with increase in sand
and low clay content. The model predicted values are higher, though they both maintain

the same matter of fluctuation down the profile. The statistical analysis showed that the




ting points were not well predicted by the model. (See Table 4.3 below and Appendix

B). |

'E('n]lis w1th ;Qw wilting point loss their water faster and therefore necds to be irri gated
ore often for crop survival. Considering the model predlcted values, the soil could be
id to be having high water content at wilting point, and therefore can support plant
especially during breaks in rain fall

able 4.3 Wp, MWp, OM, X’ and particle size analysis values of C-Pit 1

P Wp MWp X’  Sand Clay Silt _ OM

030 0.8 181 165 591 316 93 05

20-40 1.6 190 160 591 366 73 08

40-60 1.1 154 133 631 256 113 12

60-80 00 155 155 691 256 53 03

80-100 07 164 150 691 276 33 03
YX'1=76.377

4.4A’Saturated‘ hydraulic Conductivity C- Pit 1

‘The laboratory measu;ed saturated hydraulic conductivity decreases from 0-40cm. The
" higher value at the upper part (0-20cm) is as a result of relatively high sand and relatively
| low cléy. Conductivity increases with increase in sand and decrease with increase in clay.

'I"hle lo;\;er value from 20-40cm is due to relatively high value of clay. The saturated

“hydraulic conductivity increases from 40-100cm; this is as a result of increase in sand

' IOW'élay content, and lower organic matter content. However, it is difficult to co-relate
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¢ laboratofy measured values with the model predicted values, since the latter has
gher values and manner of fluctuation differs. (See Table 4.4 below and Appendix
&B).The statistical analysis showeFi that the Saturated hydréuli“c Conductivity is well
redlcted since it chi® value is lower than the table value at 5% and 19" degree of
om. Soill with hydraulic conductivity values below 0.1m day™ require excessively
lose drain and spacing and hence some artificial modification of subsoil water
mofement by moiling or sub- soiling is essential for practical aud economical ﬁc[g
drainage system. Hydraulic conductivity of 0.1 to 1.0m day™ is the most critical for
drainage design, and greatest accuracy in measuring k is required in this range.

AIn soils with abrupt horizon changes, corresponding changes in the hydraulic
conductivity values can have serious effects on the movement of irrigation or drainage
|wat§r within the profile. Considering the table just below it could be seen that
. conducﬁ.vity values are high, so therefore this soil will require more irrigation and less
' drainage.

Table 4.4 Sk, MSk, OM, X’ and particle size analysis values of C-Pit 1

Pd Sk MSk  X° Sand Clay Sit OM

0-20 28.0 190 84 591 316 93 05
2040 132 220 35 591 366 73 08
40-60 12.7 240 53 631 256 113 12
sdéo i 260 46 691, 256 53 03
80-100 265 210 14 691 276 33 03
‘?r-.:;__}--,, ST ' yX“1=23270 . = = ™
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4.5 Bulk Density C-Pit 1

The laboratory measured bulk densities are the same from 0-60cm as the clay content
m&m from0-40, but decreases from 60-100cm as the sénd content incr?ses with
increase in clay and the organic matter decreases at the same depth. Bulk density
»decrcasw with increase in sand, increases with increase in clay and also increases with
increase in organic content. The laboratory measured values are not the same with the

model predicted values, but nature of fluctuation of the values down the profile is closely

* related.

.'l‘pe ﬁercentage sand increases dqwnward with the highest value of 69.12 from 60-
lOOpm.The clay is highest at the depth of 20-40cm and is shown by the model predicted
textural class as sandy clay (SC).The statistical analysis showed that the bulk density is
well predicted since it calculated Chi’ value is less than 30.14 Chi® table value. (See -
Table 4.5 below'and Appendix A&B) :
Bull; density is affected by compaction, the more the compaction the higher the

bulk density, and therefore rate of infiltration is reduced and so the tendency for erosion

will be high. Elements of compaction include heavy farm machinery and grazing animals

- Considering the table below it could be seen that the bulk density soil is normal.
LTI R
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% Table.4.5 pb, Mpb, OM, X” and particle size analysis values of C-Pit 1

Pd Pb Mpb  X°  Sand Clay St OM

02007 1.5 1.4 0.0 59.1 316 9.3 0.5

20-40 | 15 1.4 0.0 591 366 73 0.8

40-60 1.5 1.5 0.0 631 256 113 1.2

60-80 1.4 1.5 00 691 256 53 0.3

80-100 14 1.4 0.0 69..1 216 - 33 0.3
¥ X*1=0.0

.

4.6 Water Content ﬁt Saturation, and F.C C-Pit 2
:"'l",:;:-;l',llq,_lqbqragory measured water content at saturation is highest at 40 -60cm, likewise
' the model predicted and it is lowest at 20-40 for both. This is due to the high sand and
relatively low silt content. From statistical analysis the predicted saturation values at 5%
gigniﬁcance are accepted, since the table value at 5% significance and nineteenth degree
of fheedom is 30.14 which is greater than the Chi square value. (See Table 4.6 below and
Appendix A&B). |

~ The laboratory measured field capacity is highest 60-80cm. This is due to relatively
high clay content. It is lowest at 20-40cm.This is due to high sand content and relatively
iow 'clay. The statistical analysis showed that predicted saturation is within the range of
acceptance, while FC calculated Chi” value is just close to table value of 30.14 (See Table

4.6 below & Appendix A&B
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. Table 4.6 S, MS, OM, Fc, MFc, X* and particle size analysis values of C-Pit 2

Y TR Ms X° Fc Mfc X' OM Sand Silt Clay

0-20. 40.3 478 12 377 248 6.7 1.2 691 11.3 25.6

12040 412 472 0.8 369 245 63 1.0  69.1 11.3 25.6

.40-60 432 489 0.7 392 277 48 09 63.1 33 33.6

s
| i o

60-80 ~ 414° 458 04 400 252 87 01 651 53 296

80-100 409 470 0.8 389 259 65 05 63.1 7.3 29.6

¥ X“2=13.823 ¥ X*2=32.970

4.7 ..V_WiltingPoint Saturated Hydraulic Conductivity and Bulk Density C-Pit 2.

The laboratory measured wilting poiﬁt is highest at 80-‘100cm. this is as a result of
rélgti\(ely low sand and relatively high clay content. The model predicted wilting point is
highest at 46—60cm. This could be as a result of high clay content

The higher values of laboratory measured saturated hydraulic conductivity at the
dépth of 20-40cm & 60-80cm are as a result of high sand content and relatively low clay
contelnt.' H(I)wever the model predicted values are not consistent with the laboratory
measuféd values, since the former decreases from 0-80cm and then increases from 80-
100cm. The laboratory measﬁred saturated hydraulic conductivity is lowest at 80-
100cm.This due to relatively high clay, silt, and organic. Bulk density is highest at 60-

-80cm as a result of high clay. The laboratory measured and model predicted textural

classes are all the same (SCL). The statistical analysis showed that only bulk densities are
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wnthm the acceptable range. Wilting point and Saturated Hydraulic Conductivity are not.
T s, : ' ' W

(Tabléa:7) -~ -

Table 4.7 Wp, MWp, SK, MSk, pb, Mpb, OM, X’ and particle size analysis values of
C-Pit 2 |

Wp Mwp X° Sk Msk X* Pbo Mpb X* OM Sand Silt clay

0.§ 13.9 142 457 550 1.6 1.3 14 | 6.0 12 -~ 69.1 113 25.6
17 .. 158 126 1043 46.6 73.9 14 14 00 1.0 .69.1 113 25 6
1.2 . .19.1 | '16.8 18.5 240 13 14 14 00 09 631 33 336
05 171 16.1 1393 140 11214 14 14 00 01 651 53 296

23112 129 4.1 21.0 13.6 14 14 00 05 631 73 296

TX2=72531  ¥X2=1211.720 YX2=0.0

4.8 Water Content at Saturation and Wilting Point B-Pit 1

- The laboratory measured water content at saturation is highest at 60-80cm as a result

| of felatively low clay high sand and relatively low silt and lowest at 80-100cm, due to

' hlgh gls'iy, relatively high silt and high organic content, however the model predicted
| ¢ saburation is Lighst ot 0-20cnt and lowest st 60-§0cm.

, ' The laboratory measured wilting points are zero. This indicates that the soil was

~completely dned during a week of exposure to atmospheric air. However, this is not

' reﬂgc‘ted in the model predicted values. The statistical analysis showed that water content

' - at predicted saturation is within the range of acceptance, while predicted wilting is not,

1

32




smce it Clu2 value is greater than the table value of 30.14. (Sec Table 4.7 below and
Appendnx A&B)

Table 4.8 S; MS, 'Wp, MWp, OM, X* and particie size analysis values of B-Pit 1

Pd S Ms X° Wp Mwp X OM Sand silt Clay

0-20 48.1 549 08 0.0 221 22.1 2.7 518 8.6 396
20-40 I40.8 54.8 36 00 205 205 27 47."8 16.6 35.6
40-60 494 53;8 04 0.0 | 222 222 24 378 226 396
60{0 608 50.1 23 00 162 162 20 638 10.6  26.6

80-00 37.6 .50.4, 33 00 170 170 2.1 638 86 276

. T YXA=10314 TXI1=98.0

4.9 Field Capacity, Saturated Hydraulic Conductivity and Bulk Density B-1
‘"‘l'he laboratdry field capacity increases from 0-40cm and then decreases from 40-
100cm,thc increase in field capacity at 0-40 is due to the reduction in sand at the same
proﬁle‘depth,,while,the decrease from 40-100 is due to the increase in sand and decrease
in clay along the same profile depth. The model predicted values flow the same manner
of ﬂuctuatlon
.. The laboratory measured saturated hydraulic conductmty is highest at 60-80cm. This
*is due to the hxgh sand and the relatively low clay content and silt. However, the model

H.. .j" =

predicted is hlghest at 20-40cm and lowest at 40-60cm.

33




The laboratory measured bulk density is highest at 20-40cm where the clay content
is relgti'vely, high. The model predicted values at this depth are the same from 0-60cm and
then from 60-100cm.Athough there is some degree of variation Bétween the values of the
laboratory measured and the model predicted values, the range of difference is almost the
same. The statistical analysis showed that predicted field capacity and bulk density are
within the range of acceptance, while predicted saturated hydraulic conductivity is not

' since the latter Chi? value is greater than the table value of 30.14. (See Table 4.9 below

and Appendix A&B)
l ‘ A '
The percentage sand is highest at 60-100cm. The textural class at this pit for both

model predicted and laboratory determined are uniform.

' Table 4.9 Fc, MFc, OM, Sk, MSK, pb, Mpb, X and particle size analysis values of B-

Pitl

Fc. Mfc X° Sk Msk X pb Mpb X* OM Sand silt Clay

326 319 00 29 900 843 16 12 01 27 518 86 956

398 322 18 09 1300 1282 17 12 02 27 478 166 356

l'351' 347 00 57 610 501 13 12 00 24 378 226 396
336 265 19 66 1050 922 16 13 01 20 638 106 266
100 274 270 00 50 8.0 773 17 13 01 21 638 86 27.6

¥ X2=3.722 TX*2=432.130 Y X*2=0.472




4.10 Water Content at Saturation, Field Capacity and Wilting Point B-Pit2

' The depth of 40-60cm recorded the highest value for both laboratories determined

and model predicted water content at saturation however the sand content is relatively

TR

| low but Ir'elat'ively high clay content.
‘ ‘ - The. laboratory measured field capacity increases from 40-100cm, just as the sand
increases from 40-100cm. It also decreases from 0-40cm as the sand inc;eascs. This trend
Iof ﬂqéttmtion is also reflected in the model predicted values of field capacity. The
staustlcal analysis showed that the predicted water content at saturation and field capacity
are within the range of acceptance since their Chi2 values are less than the table value of
30.14 at 5% significance and 19" degree of freedom. (See Table below and Appendix)
The wilting pqint also decreases with increase in sand for both laboratory measured
" and model predicted. (See Table 4.10 below and Appendix A&E)
L The bulk density is highest at the depth of 60-80cm with hlghest clay content and
;ht:\:ely iow sand. The textural classes at this p1t are the same.Satistical analysis also
~ showed that the bulk density is well predicted while the wilting is not. . (See Table 4.10

below and Appendix A&B)
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Table 4.10 S, Ms, Fc, MFc Wp, Mwp, OM, X* and partiéle size analysis values of B-

Pit2 "

S Ms X Fc Mk X Wp Mwp X’ Om Sand Silt clay

%5 528 08 315 283 04 12 174 151 5 &8 86 276
| 447 524 11 283 278 00 10 107 88 27 658 186 256
533 549 01 340 325 01 10 203 194 29 479 146 376
:"3!3,;&, 533 ,4,4 281 313 03 38 220 151 ‘23 558 46 396

435 500 09 24.0. 260 02 07 163 149 21  69.8 46 256

YX1=1.167 Y X?1=4.634 Y X 1=171.200

4.11 Satura_ted Hydraulic Conductivity and Bulk Density B-Pit 2

' The iaboraiory measured saturated hydraulic conduct‘ivity decreases from 0-80cm
and then increases from 80-100cm,; this is as a result of the similar trend of fluctuation in
the sand, silt, clay, and organic matter content. The increase in Saturated Hydraulic
éonductivity a.tl 80-100cm depth is as a result of increase in sand content and decrease in
the clay content at this depth. (See Table 4.11 below)

The bulk density is highest at the depth of 60-80cm with highest clay content and
relati'\}e‘l.y low sand. The textural classes at this pit are the same.Satistical analysis showed
that the bulk density is well predicfed while the Saturated Hydraulic Conductivity is not.

(See Table 4.11below and Appendix A&B)
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Table 4.1 Sk, MSk, pb. Mpb, OM, X% and particle size analysis values of B-Pit 2

Pd Sk - Msk . X° Pb Mpb X° OM Sand Silt clay

i i, N,
"I',.__'*H "

0-26 64 169.0 ‘ 156.4 1.5 13 . 01 25 0638 8.6 276
L2080 32 19501 1887 1.5 13 00 27 ..658 . 186 256
40-60 2.6 ' 110.0 1049 1.5 1.2, 1) 28479 146 37.6
60-80 1.5 53.0 50.0 1.7 B O ¢ 3 N 5. S - ¥ 46 396

80-100 29.8 1040 529 Lid-rns B3 007 S8 Ret G 46 256

¥ X2=552.930 YX2=1.314

4.12 Available Water

The ‘.values obtained for all the available water for all the pits depends on the values of
the ﬁleid capacity and the wilting point, it fluctuates as the field c;pacity and wilting point
fluctuates, since available water i; field capacity — wilting point. (A.W a F.C & W.P)
(See Tables 4.12 below). e

- The statistical analysis showed that the predicted available water for all the pits is not
wlthm the range of acceptance. This is as a result of very low laboratory measured water
content at wilting point values obtained, and high model predicted values as the case may

| be. (See Tables 4.12 below and Appendix A&B)




'I.]t;::ﬁq T . J 8 AR

- Table 4.12 Fc, MFc, Wp. MWp, X? and Aw values of C-Pit 1

Pd Fe  Mfc X* Wp Mwp X° Aw Maw X°

0-20 M5 1730 0.8 18.1 16.5 3)3.7' 9.0 67.7
20-40 | 332 282 09. - 16 19.1 16.0 31.6 9.0 56.7
40-60 " 325281 28 11 154 133 342 9.0 70.6
60-80 348 ‘23.5 54 0.0 3.5 155 438 9.0 134.5

80-100 33.1 242 33 0.7 164 150 124> 90 . BL}

Y X%1=14.342 Y X*1=176.377 ¥ X*1=390.460

Table 4.12 F¢, MFc, Wp. MWp, X? and Aw values of C-Pit 2

Pd’ Fc Mfc X* Wp Mwp X Aw Maw X

6-26 ' 2?7.7 248 6.7 09 15.9 142 367 9.0 85.5
| 20—40 vi-069. 24563~ 17 15.8 126~ 353" 940 76.7
40-60 392 277 48 12 19.1 16.8 38.0 9.0 93.4
60-80 40.0 252 87 05 17.1 16.1 395 8.0 124.
80-'1‘00 -89 B9 - 8BS 23 172 129 366 9.0 84.8

RS » o ) TX72=7253  ©  1X2-464.48
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: Table 4.12 Fc, MFc, Wp. MWp, X? and Aw values of B-Pit 1

Pd ~ Fc Mfc X* Wp Mwp X° Aw Maw X

020 .326 319 00 00 221 221 322 100 5038
2040 . 398 322 18 00 205 205 398 120 645
4060 351 347 00 00 222 222 351 120 444
6080 336 265 19 00 162 162 336 100 557

80-100 274 270 0.0 0.0 170 170 274 100  30.1

o8 | Y X 1=3.722 Y X?1=98.0 Y X 1=245.354

Table 4.12 Fc, MFe, Wp. MWp, X* and Aw values of B-Pit 2

Pd + Fc Mfc X* Wp Mwp X Aw Maw X

920 .. 315 283 04 12 17.4 151 303.- 110 339

2040 283 278 0.0 1.0 10.7 88 273 110 242
40-60 340 325 01 1.0 213 194 321 110 403

160-80 281 313 03 38 22.0 151 243 9.0 259

80-100 240 26.0 02 0.7 16.3 149 233 100 17.6

NG

T S 634 ¥ X*2=73.20 ¥ X*2=141.908
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4.13 Textural Class
The laboratory measured and model predicted textural classes of B-Pitl, B-Pit 2 and
C-Pit 2, are the same. The laboratory measured and modgl predicted textural classes of C-

Pitl are also the same except those at 20-40cm depth. The clay loam texture at 40-60cm

B:Pit 1 Ii_:le as a result of the highest clay content at this level. The laboratory measured
' \_rallies of sand, clay; silt and organic matter dictate the textural classes. (See Tables 4.13-
4.16 below and Appendix A&B)

‘ Tabled.13 Textural classes and particle size values of C-Pitl

OM Sand Silt clay Tc Mtc
. 05 59.1 93 316 Sdl Sal
W we's w08 591 73 366 - S . St

12 631 11.3 256  Scl Scl
03 69.1 5.3 256  Scl Scl

| 03 69.1 3.3 276  Scl Scl
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" Tabled.14 Textural classes and particle size values of C-Pit2

' OM Sand  Silt clay Tce Mt
‘ 1.2 69.1 11.3 25.6 Scl Scl
1.0 69.1 L | 25.6 Scl Scl
0.9 63.1 33 33.6 Scl Scl
0.1 65.1 53 29.6 Scl Scl
05 - 73 296 sd S

63.1

Tablel5 Textural classes and particle size values of B-Pitl

-~ OM  Sand Silt clay Tc . Mte
2.7 518 8.6 39.6 Sc Sc
27 478 16.6 356 Sc Sc
24 ‘ 37.8 22.6 396 Cl Cl
20 638 10.6 26.6 Scl Scl
2.1 63;8 8.6 27.6 Scl Scl
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Tablel6 Textural classes and particle size values of B-Pit1

OM Sand Silt clay Tc Mtc

25 638 8.6 27.6  Scl Scl

27 658 18.6 256  Scl Scl

(4 ‘ : e %
79 479 14.6 37.6  Scl Scl

23 558 4.6 39.6  Scl Scl

21 698 4.6 256  Scl Scl

Pd = profile depth

S % laboratory measured volumetric @r content at saturation, (%)
- Ms = mt;del pnedxgted volumetric water content at saturation, (%)
- X2=[(0-E) ¥E]
Wp - laboratory measured volumetric water content at wilting point, (%)
Mwp = model predicted vc;iumeuic water content at wilting point, (%)
0 il badarired sibrated ydealic scdustivity (o). -
Msk = model predicted saturated hydraulic conductivity (cm/h;)
pb = laboratory measured bulk density (g/em®)
'Mpb. = model predicted bulk density (g/cm’)
Aw = laboratory measured volumetric available water (%)
| Maw = Ml predicted volumetric available water (%)

OM = organic matter (%)
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ic;-hmmww mcosumd textural class e e e
MTc= model predicted te'xfural class
- C-Pit] = Chanchaga pit 1
C-Pit2 = Chanchaga pit 2
B-pit 1 = Bosso pit 1 |
Binit2 = Bosso pit 2
4.14 Geoergl Comment on the two sites

* The soils of the two sites have relatively 'high 1aboratory measured values of
soturoﬁon, excep|t B- pit 2, and therefore will require less but frequent irrigation. It also
has high field capacities which indicate ability to hold more water to sustain crops. The
water content at wilting point is also high as predicted by the model, this indicate a good
support for plants especially during rain break. The saturated hydrauhc conductivities for
Chanchaga site are high, this shows good permeability. However, the conductivities of
Bosso site are low, and therefore the soil here may require more drainage. (Refer to table
4.1)
" Considering the information available from che statistical dade, it cald e sben et

: tixexé-ié no much difference in the sites soil profiles ability to hold water, except for few

|

cam ms ,oould be approximated from the geological nature of the soils during the field
v‘vork. '1"his could also be seen from the model predicted and laboratory measured textural
classes.

; : Orgamc matter content which support soil structure buildiog and water holding capooity

~ of soils vary slightly from each other.




C- Pit2 was discovered to have high alluvium deposition progressively down the profile
to about 1.3m; this could be as a result of the river ingress, over flow, or flood.

‘ C- Pit"l' could be visualized during the field work to be sandy progressively down
the profile, only that there was colour variation as you go QOwn the profile. |

- Bosso site was Fatima in nature. The upper parts look clayey i.e. from 0-80cfn and
| sandy chy at the lowést part i.e. from 80-100cm.

The sharp difference between the labbmtoﬁes determined wilting point and model

predlcted wilting point, can be as a result o‘f high clay content of the soil_as determined in
the laboratory. This high clay content value supplied to the model made it predict high

water content at wdtmg point. However the lab'oratory measured value of water content at

,wilting point were very low.

'+ CHI square statistical method was used to test for the significance of the data

l oy ' |
‘obtained.

|



CHAPTER FIVE

' 5.0 Conclusion and Recommendation

5.1 Conclusion

It is obvious from the statistical analysis that the model predicted water content at
| saturation, field capacity, saturated hydraulic conductivity, and bulk density are within
the range of acceptance for Chanchaga Pit] and Chanchaga Pit 2 except field capacity of
1 'Cﬁam':haga Pit 2.While the predicted wilting point, and available water content are not
-~ within tﬁ: rarlllge of acceptance. Also the same variable are within the range of acceptance
foxl' Bossé Pitl and Bosso Pit 2 except wilting point, available water and saturated

hydraulic conductivity that are not within the range of acceptance.
Canidering the two sites, it could be estimated from the statistical analysis that the
- model predicted correctly for 50% of the dependent variables and 99% of the textural
class.. The mod;al is therefore a good predictor for the correctly predicted variables and

not for others.

Based on this research work the model can only be applied to predict correctly for

those variables that statistically have no significant différence between their laboratory

£35St L
s

| measm{ed values and model predicted values.
. 52 Rmmmendaﬁon
In the application of this model to these research areas, the following are
récommended:
(1) For those variables that were not statistically within the range acceptance, the

laboratory measured values should be used to calibrate for them or as a control such that

for example if the predicted field capacity values are higher or lower than the laboratory
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medsured values, the predicted values could be adjusted to those of the laboratory
"qleasu@'ci \;aluu, so that when ever the model is been appliéd to any soil, values could
either be added to or subtracted from the predicted values.

(2) Since this study was carried out only in wet season more research should be carried
out in both seasons to see whether there will be much variation in the values obtained in
boih's;asons. |

3) More research should be carried out on different soils from different areas to see how
* pérfect the model cmllld be on different type of soils and areas of this country.
* (4) The samples obtained for laboratory analysis should be analyzed in different |
laboratories by different experts or several times, so as to make the data obtained more
' reliable. ' . \

(ﬁ)gg‘mpactxon, grével, and salinity of the soil in question should also be field/laboratory
b nsisnt of bede e
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There is no significant difference between the laboratory measured water content at
satm'atit;p and the model predicted water content at saturation.
For v%lqmetﬁc water content at wilting point.
Decision.
X*wp =Y [(O-E)YE] = 76.378
76.578>3o.14, Ho is rejected
l  Hlis accepted.
l| intefpfétaﬁon
There is significant difference between the laboraratory measured volumetric water
content at wilting point and model predicted.
. For _\‘rolum_etric water content at field capacity.
| XE=Y [(O-E)¥E] = 14342
' 14.342<30.14, Ho is accepted.
H1 is rejected.
Interpretation.
: There is no ;igniﬁcant difference between the lapo;'atory measured volumetric water

‘content at field capacity and the mode] predicted.

o S
ll'..‘|11 ..

For saturated ilydraulic_ conductivity. |
Decision.

X2=Y [(O-E) ¥E] =23.271
23.271<30.14, Ho is accepted.
H1 is rejected.

Interpretation




'ﬁ:ere is no §igniﬁcant difference betweén laboratory measured values of saturated
hydraulic conductivity and the model predicted. '
For bulk density
'D;cision 'l '
X%pb =Y [(O-B)/E] = 0.0517
» 0.0517<30.14, Ho is accepted
| H1 is rejected
Interpre_t'ation. |
Thcre is o significant difference between the laboratory measured bulk density values

and model predicted bulk density values.

Fdlj volumetric available water.
' X? =Y [(O-E) "/E] = 854.94
 854.94>30.14, Ho is rejected

= Hi is accepted.
fntérpféttat_iog.
' There ié significant difference between the libratory measured volumetric water coﬁtent
values and model predicted values.

.- Chanchaga pit 2

For: voiumetxlic water content at saturation.
Decision.

Xsat =¥ [(0-E)~2/E] =3.823
‘3.523< 30.1|4, Ho is accepted.

|"!'.“;;:-|~1,| vy H] is mjected‘
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Intérprctation.
There is@; no statistically siﬁniﬁcant difference between the laboratory measured saturation
valug'.'; and model predicted saturation values.
For volumetric water content at field capacity.
Decisiop.
X? = [(O-E) /E] =32.97
| ?2.97>30.i4, Ho is rejected.

: _HI is accepted
Interpretation
Thene is stahstlcally significant difference between the laboratory measured field capacity
values and model predicted field capacity values.
For volumetnc water content at wilting point
Decision. . l :
X* WP =. [(0-E)*/E]=72.531
72.531>30.14, Ho is rejected.

+ HI is accepted. .

H{&Won | NS A -
There is staustxcally significant difference between the laboratory measured water content
at wilting point values and model predicted wilting point values.
For saturated hydraulic conductivity. )
IDecision. ‘
‘X’satk=. [(0-E)?/E]=1211.7]

1211.71>30.14, Ho is rejected
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1

. Interpretation.

;Thlere'is statistically significant difference between the laboratory measured saturated

H1 is' accepted.

hydrauhc c'onductivity values and model predicted saturated hydraulic conductivity
-values. ‘
For,bulk density.
Decision. Besn:
X2pb=. [(O-E)/EJ=0.0517.
005 1A7'< 30.14, Ho is accepted.
'  Hl s rejected.

Interpretation. '
:'l'{h;gfc,is, statlstxgally significant difference between the laboratory' measured bulk density
values and model predictad bulk density values.
For volumetric available water.
Decision.
X’Aw=. [(O-E)’ /E]=854.94
854.94530.14, Ho is rejected.

" Hi is accepted.
.Interpﬂetaﬁon
Thete is statist'icélly significant difference between the laboratory measured available
water values and model predicted available water values.

~ Bosso pit 1

For v'dlhmetric water content at saturation.
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' Dec'i';v)ion.

X’sat.=. [(0-1;)2151=1o.314
10.314< 30.14, Ho is accepted.
Hlis rejected

' Interpretation.‘ .

There is statistically no significant difference between the laboratory measured water
(;'J;lt;‘lt at saturation values and model predicted values.
For vglnmetnc water content at field capacity.
Decision.
x’FC =. [(0-E)?/E]=3.722
3.7?2< 30.14, Ho is accepted

H1 is rejetected

Interpretatxon

There is statxstxcally no significant difference between the laboratory measured water
content at field capacity values and model predicted values.
Fof irolqmet:‘ic water content at wilting point
X*WP=. [(O-E)’ /E}=98.00
98.60530.14, Ho is rejetected 4 H1 is accepted

Interpretation.
' re is statistically significant difference between the laboratory measured water content
) Awilting point values and model predicted water content at wilting point values.

or saturated hydrzulic conductivity
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| Xsatk=. [(O-B)* /E}=432.13 L e B

435‘.13>3o.14, Ho is rejected

Hlis accepted.

Interpretation. - _

There is staﬁsﬁcany significant difference between the laboratory measured saturated
ﬁydr’;ahlic c;)nductivity values and model predicted W& hydraulic conductivity
values. :

'For bulk density.

 Decision. |

X’pb=. [(O-E)/E]=0.472.

0.472? ,30.1 4,Ho is accepted.

| H1 is rejected.

Intetpreltation.

There is statistically significant difference between the laboratory measured bulk density
vahles and mpdel Mctd bulk density values.

For volumetric available water.

Decision.

XAw = [(0E) /E]-464.48

46;1.48530.14, Ho is rejecfed.

v H1 is accepted.

Interbrctaﬁbn

"l‘here _is statistically significant difference between the laborat)ory measuréd available

water values and model predicted available water values

55

Ifl': i,

'-’;I "‘ e 'A ORI



Bosso pit2
'For volumetric water content at s;aturation.
» De;isi;n.
X’sat.=. [(O-E) */E]=7.166
7.166<30.14, Ho i accepted.; H1 is rejected
Interpretation. k :
There" is_ statistically no significant difference between the laboratory measured water
content at saturation values and model pr;.dxcted values.
For vol.umetric.water content at field cq%acity. ,
Decision. ' ;‘
X’FC=. [(b-E)’/E]=o.921 |
. 0.92i,< 30.14, Ho, accepted; H1, rejetecte:i
. Interpretation.

There is siaﬁstically no significant difference between the laboratory measured water
coqtc;lt at ﬁgld capacity values and model predicted values.
For volumetric water content at wilting “point
X*WP=. [(O-E)ZIE’]=73.20 ‘ ‘ *
73.20>30.14, Ho, rejetected

‘ HI, accepted
Interpretation. % '
,"}'3@3 1sstahst1¢ally significant difference between the laboratory.measured water content
at \Itnltmg point values and model predicted water content at wilting point values.

For saturated hydraulic conductivity -
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Dec'isiénf

X’satk=. [(0-E)/E}=552.93
55.93>30.14, Ho, rejected; m, accepted.
Intéipmtation.

There is statistically significant difference between the laboratory measured saturated

'hydraulic conductivity Qalues and model predicted saturated hydraulic conductivity
values,

be bnll; de'm:;lty.

' Decision.

 X’pb=. [(O-E)/E}=1.315

-+ 1315<30.14, Ho, accepted.
e : | ﬁl,mjected. ;

Intetpreiaﬁon.
. There is stanstxcally significant difference between thé laboratory measured bulk density
yal}:esandn{odel predicted bulk density values. '
b&?%lméhicavaﬂable water.
Deﬁi;ion. 2
 X’Aw=[(0-E)*/E}=141.908

141.908>30.14, Ho, rejected.

- Hi, accepted.

Ihtei“;‘mtgﬁo:;

There is statlstlcally significant difference between the laboratory measured available

water values and model predicted available water valites -
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- dependent variables are shown below;

"APPENDIX B

Statistical tests tables for laboratory measured and modglibfedicted values of

Table B1 Chi square test for independent variables Chanchaga pit 1

Pd S Ms X*  Fe Mfe X Wp Mwp X' Sk Msk X' Pb Mpb X' Aw Maw X
0-20 375 417 22 345 272 20 08 181 165 280 190 84 15 14 00 37 90 67
20-40 362 488 33 332 282 09 1.6 191 160 132 220 35 15 14 00 316 90 567
40-60 353 454 23 323 241 28 L1 154 133 127 240 53 15 15 00 342 90  70.6
60-80  37.8 453 12 348 235 54 00 155 155 151 260 46 14 15 00 438 9.0 134.5
80-100 414 477 04 331 242 33 07 164 150 265 210 . 14 14 14 00 324 90 . 611
TX'1=9.327 TX'1=14.342 YX'1=76.377 TX'1=23.270 ixfn- 0.0 X 1=390.460
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2 Table B2 Chisquared test for independent variables Chanchaga Pit2 A = :

PA S Ms X _Fc Mk X Mp Mwp X' - Sk Msk X . Pb Mpb X Aw Maw X =
020 403 478 12 377 248 67 09 159 142 457 S50 16 13 1A Ah: 36T 98 . 888
2040 412 472 08 369 245 63 17 158 126 1043 460 739 14 14 00 353 90 767 ; X
4060 432 489 07 392 277 48 12 191 168 185 240 13 14 14 00 380 90 934
80 . 44 4583 G4 40 252 &7 05 171 161 193 140 . 1214 14 16 00 39S 80 1341

80-100 409 470 08 389 259 65 23 17.2 129 4.1 21.0 13.6 14 14 00 366 9.0 84.8

YX*2=3.823 YX*2=32.970 YX2=72.531 TX'2=1211.720 TX2=0.0 TX*2=464.48
¥X*1,2=13.151 TX'1,2=47.32 TX*1,2= 148.909 TX*1,2= 1234.99 ¥X%1,2= 0.0 Y X'1,2= 854.94
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Tllile B3 Chi squared test for independent variables Bosso pit 1°

J Ms Pe . M. X "wp Mwp - X' '-_ Sk Pb Mpb X! Aw Maw X

020 . 4.1 549 32.6 00 00 221 221 29 1.6 12 01 322 100 508
' 548 39.8 18 00 205 205 09 1.7 ‘12 02 398 - 120 645

_ 53.8 35.1 00 00 222 22 ‘57 13 12 00 351 120 444
6080  608.  S0.1 33.6 1.9 00 162 162 6.6 1.6 13 01 336 100 557
50.4 27.4 00 00 170 170 5.0 1.7 13 01 274 100 301
TX 1= TX'1= TX'= TXi=
3.722 98.0 0.472 245.345

60

o
Al

ke .



Table B4 Chi squared test fo’:;?iiidepgmient variables Bom pit—2
Pd s —Ms X T “:'j Mfe X' w.p _N-lwp X k- Msk .x’ Pb Mpb : -x’ Aw  Maw »x‘_
T ™ Y T T Y RN eV I AN T M TR T RN T BT 5 T MR T IR G T Rl T
2040 447 524 L1 283 278 0.0 1.0 107 88 32 19501 1887 15 13 0.0 273 110 242
40-60 533 549 01 340 325 01 1.0 213 194 26 1100 1049 1.5 12 L1 321 110 403
6080 380 533 44 281 313 03 38 220 151 15 530 500 17 12 01 243 90 259
80-100 435 500 09 240 260 0.2 0.7 163 149 298 1040 529 15 13 0.0 233 100 17.6
TX2= 1.1&7 YX'2=4.634 YX*2=73.2 YX'2=552.930 TX2=1.314 Y X*2=141.908
¥X',2=17.481 ¥X*1,2=4.634 ¥X*1,2=171.200 TX*1,2= 985.060 YX*1,2= 1.7866 ¥X*1,2= 387.262
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Table BS Laboratory measured and model Predicted soil v_fat’er characteristics Chanchaga Pit 1

=

;5. o

W Ms Fe- Mfec Wp Mwp Sk Msk -=Pb Mpb Aw Maw Om Sand - silt clay Te Mte =
0-20 37.5 47.7 34.5 272 0.8 18.1 28.0 19.0 \ 1.5 14 33,7 9.0 05 59.1 9.3-‘ 31.6 Scl  Scl
20-40 36.2 48.8 3.2 28.2 1.6 19.1 13.2 22.0 1.5 14 316 9.0 0.8 -59.1 7.3 36.6 sci Se
40-60 353 45.4 32.3 24.1 1.1 154 12.7 24.0 15 1.5 34.2 9.0 1.2 63.1 11.3 25.6 scl  Sd
60-80 37.8 45.3 34.8 23.5 0.0 155 15.1 26.0 14 1.5 43.8 9.0 03 69.1 53 25.6 scl Scl
80-100 41.4 47.7 33.1 24.2 0.7 164 26.5 21.0 14 14 32.4 9.0 03 69.1 33 27.6 scl  Sel

Table B6 Laboratory measured and model Predicted soil water characteristics Chanchaga Pit 2
Pd S Ms Fe Mfc  Wp Mwp Sk Msk Pb Mpb Aw Maw Om Sand silt clay Tc = Mtc
0-20 40.3 47.8 31.7 248 0.9 15.9 45.7 55.0 1.3 1.4 36.7 9.0 12 -$69.1 11.3 25.6 sl Scl
20-40 41.2 47.2 36.9 24.5 1.7 15.8 104.3 46.0 fl.d 14 35.3 9.0 1.0 : 69.1 11.3 25.6 scl  Scl
40-60 43.2 48.9 39.2 27.7 1.2 19.1 18.5 24.0 14 1.4 38.0 9.0 09 63.1 3.3 33.6 scl  -Sel
60-80 41.4 45.8 40.0 25.2 0.8 17.1 139.3 14.0 1.4 1.4 39.5 8.0 0.1 65.1 53 29.6 scl  Scl
80-100 40.9 47.0 38.9 25.9 2.3 17.2 4.1 21.0 1.4 1.4 36.6 9.0 05 63.1 29.6 scl  Scl
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3 Tiblp B7 Laboratory measured and model Predicted soil water characteristic Bosso Pitl

o
SEaI U

Mpb

clay

M- 8 Ms  Fc Mfc ~Wp Mwp Sk Msk Pb Aw  Maw Om Sand silt - Te it
0-20 48.1 549 32,6 319 0.0 22.1 29 _90.0 1.6 12 322 10.0 27 518 86 39.6 sc Sc
20-40 40.8 548 398 322 0.0 205 09 1300 1.7 1.2 39.8 120 27 478 166 .35.6 sc Sc
40-60 494 538 351 34.7 0.0 . 22.2 5.7 61.0 13 1.2 35.1 12.0 24 378 226 396 cl Cl
60-80 60.8 50.1 33.6 26.5 0.0 16.2 6.6 105.0 1.6 1.3 33.6 10.0 20 638 10.6  26.6 scl  Scl
80-100 376 504 274 270 0.0 17.0 5.0 87.0 1.7 1.3 27.4 10.0 21 638 86 27.6  scl Scl

Table B8 Laboratory measured and model Predicted soil water characteristics Bosso Pit2
pd S Ms Fc Mifc Wp Mwp Sk Msk Pb  Mpb Aw Maw Om sand  silt Clay Tc Mt
0-20 46.5 52.8 31.5 283 1.2 17.4 6.4 169.0 1.5 13 30.3 11.0 2.5 63.8 8.6 27.6 scl  Sel
5 , e

20-40 44.7 52.4 28.3 27.8 1.0 10.7 3.2 195.01 1.5 13 27.3 11.0 7 - 658 18.6 25.6 scl  Scl
40-60 533 54.9 34.0 32.5 1.0 21.3 ‘2.6 110.0 1.5 12 32.1 11.0 29 479 14.6 37.6 scl  Scl
60-80 38.0 533 28.1 313 3.8 22.0 1.5 530 L7 1.2 243 - 9.0 2.3 55.8 4.6 39.6 scl  Scl
80-100 43.5 50.0 24.0 26.0 0.7 163  29.8 104.0 18 13 23.3 100 2.1 69.8 4.6 25.6 scl  Scl
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' APPENDIX C ,

Table C1 Determination of water content at saturation.Chanchaga Pit 1

Profile Wt of Wtof can+ Wtof Oven Wtof Oven Bulk Soil. Available
Depth  can ‘ Wt of wet dried soil +can dried soil ~ density water Water

; (}““) (18) ~soil (g) - (® (2) ‘(g/cms) Content  (cm/cm)

e N e @)

030 250 2098 172.7 147.7 5703 0.22
ZMO 254 209.7 173.8 148.4 1.3 0.2 0.21

. 40-60 247 203.7 168.6 143.8 1.5 0.2 0.23
60-80 245 198.8 162.1 1377 1.4 0.3 0.31

| 80-100 241 199.3 15392 . 135.1 o 1.4 0.3 0.24

" Table C2 Determination of water content at wilting point.Chanchaga Pit 1

Profile =~ Wt of Wtof can+ Wtof  Oven Wtof Oven Soil. water  Available

Depth-' can Wt of wet driedsoil +can  dried soil Content Water

(m) = () soil (g) (8 11 - (&/8) (%)
0-20 25.1 1133 T 112.8 87.7 55107 0.55
2040 255 1101 109.3 838  1.1*10? L1
4()-60 0 250 - 1288 128.1 103.0 7.3*10° 0.73
¥ 60-80 249 1038 103.2 78.0 7.2*10° 0.72

80-100 245 1109 110.5 86.0 49%10° 049




‘}i-_?lfgble c Deterniination of water content at field capacity.Chanchaga pit 1
"',.1-1‘ WIS, R et B :

Profile Wt of Wtof can+ Wtof Oven Wtof Oven Soil. water Available

Depth can Wt of wet driedsoil +can  dried soil Content' Water
@m  @® il @® @ ®) @/8) (cm/cm)
30 244 2083 1739 1495 023 23
‘2030 249  208.1 174.9 149‘9, 0 2
4060 - 247 1951 1623 137.8 0.24 24
- 60-80 261 2018 166.5 1404 0.32 32
.86-100 250 195.9 163.2 138.2 0.24 24

Table 'C4 Organic Carbdn/Organic matter determination.Chanchaga Pit 1

Proﬁ‘le. Initial Final readings ~ Volume used  Organic oCarbon Organic Matter
Depth (cm)  reading (cm’) (cm’) ) (%)
(cm’) ol
0-20 70,00 19.50 19.50 0.26 0.45
| 2040, 19.50 37.90 18.40 0.42 0.78
4060 0.00 20.50 20.50 0.105 0.18
6080 2050 4070 20.20 0.15 026
'80-100 0.0 20.00 20.00 0.18 031




Table C5 Determination of Saturated Hydraulic Conductivity.Chancaga pit 1

S .
" Profile depth Volume of water Saturated Hydraulic ~ Time

| v(;:m) collected (cm®) Conductivity (cm/hr) (hr)
< . _

0-20 5500 28.00 1

2040 259.0 13.19 1

4060 249.0 12.68 ' &

60-80 296.0 15.07 |

80-100 520.0 ‘ 26.48 1

Table C5 Determination of particle size. Chanchaga Pit 1

' Lab. Profile 40sec. Temp 2hr Temp. Sand Silt Clay Textural

‘No Depth readings (°C) readings (C) (%) (%) (%) Class

e 020 7.00 29 2.00 30 59.12- 928 " 31.6 Scl
2. 2040  7.00 29 3.00 30 39.12 - 7.28 - 336  Sel
3 40-60  5.00 29 2.00 30 63.12 1128 256  Scl
4 : 60-80  2.00 29 1.00 30 69.12 528 256  Sel

3 80-100 2.00 29 0.00 30 69.12 328 276 Scl
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Table C6 f)eterniination of water content at saturation. Chanchaga Pit 2

file Wt of Wtof can+ Wtof  Oven Wtof Oven Bulk Soil. water Available

can Wt of wet driedsoil +tcan dried soil density = Content Water
@®  soil (g) ® g (gem’)  (g0) (cm/cm)
B 242 190.8 : 151.6 127.4 1.30 0.31 | 0.28
249 ' l204.0 ; 164.1 139.2 1.42 0.29 0.26
| 25'.1 o 199.4 157.3 1323 135 0.32 0.28
0 245 ,.L 200.5 159.5 135.0 1.38 0.30 0.28

100 25.7 199.4 161.7 136.0 O v 0.28 0.25

Table C7 Determination of water content at wilting point.Chanchaga Pit 2

SALOWEof W of can+ Wt.of Oven Wt.of Oven Soil, water Wr

(cm) . can Wt of wet driedsoil +can  dried soil Content content
(@ SOi} ® (9] (8 (&/g) (%)
258 1068 106.2 80.4 727107 0.72
; g 1232 122.8 97.2' 4.6*10° 0.46
"""1?..»“."25:1'- 21287 122.8 97 86010° 0.86
241 1218 1216 _ 97.4 3.7+107 0.37
252 1067 105.4 80.2 1.7%10? 1.70
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l Tabie C8 Determination of water content at field capacity.Chanchaga Pit 2

Profile' Wt'l of: Wt of can+ Wtof Oven Wt.of Oven Soil. water Water

Depth  can’ Wt of wet dried soil +can  dried soil Content content

@®  soil (g) (®) (®) (¢/e) (%)

[ 51 1988 160.1 134.9 0.29 29
040 ' 257 2109 ' 1723 146.7 026 ' 26
248 1956 157.3 132.7 0.29 29

80 251 2063 166.1 150.0 0.28 28
80-100 25.5 2002 163.2 138.7, 027 27

~ Table BC9 Determination of Saturated Hydraulic Conductivity.Chancaga pit 2

Profile depth Volume of water Saturated Hydraulic Time
‘(em) collected (cm®) Conductivity (cm/hr) (hr)
030 - 897 45.67 , i
2040 2048 10428 i I
: 40-60 363 ‘ 18.48 1
R 1 13926 1
80-100 l 81 e % 4.12 1




1

i

~  able c1o Organic Carbon/Organic matter determination.Chanchaga Pit 2

Profile Ini'tial Final readings  Volume used  Organic garbon Organic
Depth (cm) ‘ reading (cm’) (cm?) i Matter
(em?) %)
0-20 2|l .20 . 37.70 16.50 ‘ 0.71 1.22
%0—4},!7;:'1, L 000, 1740 T RCRTE ! St 099
4060 1740  35.10 17.60 0.54 093
»60-80 35.10 52.00 16.90 0.65 1.12
80-100 10.00 19.20 19.20 | 0.31 0.54 ‘
Blank 0.00 2120 2120
: "lfal_)lle.Cl'-lIDetermintion of particle size. Chanchaga Pit 2
" Profile 40 sec. ATemp 2hr Temp. Sand .Silt Clay Textural
Depth readings (°C) readings (°C) (%) (%) (%) Class
0-2(')'.'.- 2.00 29 -1.00 30 69.1 11.28 - ~ 235 Scl
20-40 2.00 29 -1.00 30 69.1 11.28 25.6 Scl
40-60 8.00 29 3.00 30 63.1 328 336 Scl
60-80 7.00 _ 29 I 1.00 30 65.1 5.28 29.6 Scl
80-100 8.00 29 1.00 30 63.1 728 29.6 Scl
'-3.00 o 29 -3.00 30

Blank
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T 5 :
| n"l‘a“lé‘ C12Determination of water content at saturation. Bosso Pit 1

Sl

Profile Wt of Wtof can+ Wtof  Oven Wtof Oven Bulk  Soil water ~ Water
i)epth ‘can Wt of wet dried soil +can  dried soil density Content content
em) (@  soil (® ® ®) (gem’)  (ge) (%)
020 - 2492  223.62 17742 152.3 1.55 - 0.31 31
20-40 ".1’24.91 | 227.69 188.21 163.3 11.66 0.24 24
40-60 24.57 200.09 152.07 127.5 1.30 0.38 38
60'-80- 2439, " 222.39 181.84 - 157.45 1.60 0.26 26
80—i00 2399 22772 191.68 167.69 1.71 0.22 22
Table C13 Determination of water content at wilting point. Bosso Pit 1
file ‘Wt o.f Wtof can Wtof Oven Wt.of Oven Soil. water  Water Available
‘can +Wt of wet dried  soil driedsoil ~ Content - content Water
(®  soil(®)  tean ® e (% (cm/cm)
| ®
: ,25,1,2,I 15021 14837 12325 49* 107 1.49 0.20
: 2549 162.45 160.42 134.93 1.51*107 1.51 0.19
12499 14539 142.68 117.69 2.3*10° 2.3 0.25
25.06 - 145.19 142.25 117.19 8.02*107 0.80 0.20
24.,‘).1 164.26 163.38 138.87 6.34*107 0.63 0.15
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Table C14 Determination of water content at field capacity.Bosso Pit 1

|

Profile Wt of Wtof can+ Wtof Oven Wt.of Oven Soil. water Water
.De‘p.th can Co Wt of wet dried soil +can  dried soil Content content
(cm)  (8) soil  (g) (8) (8) (g/g) (%)
020 2458 2092 176.71 15213 021 21
2040 2520 21893 181.93 156.14 024 24
40-66". 25.80  204.06 20406 141.48 0.27 27
60-80 2638 21491 21491 156.1 0.21 21
80-100 2539  209.01 209.01 1584 0.6 16
"Table C15 Determination of Saturated Hydraulic Conductivity.Bosso pit |
' Proﬁle'depth Volumé of water Saturated Hydraulic Time
‘ (cm), collected (cm’®) Conductivity (cm/hr) (hr)
020 56.0 2.85 I
2040 18.0 0.92 1
:'4'0-60 | 112.0 5.70 !
| 60-80° 129.0 6.57 | 1
" 80-100 98.0 4.99 I

it
”'p I-_,” "

Sy
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Table 016 Orgnmc CarbonlOrgamc matter determmatlon Bosso Pit 1

Proﬁle ’ Initial Final readings Volume used  Organic Carbon  Organic
Depth (cm)  reading (cm’)  (cm) @) % Matter
| (%)

.o-.zo 000 13.00 13.00 1.56 2.70
2040 13.00 26.20 13.20 1.53 2.65
'40-60: . 2620 40.30 14.10 1.40 2.41
6080 . . 0.00 15.80 1580 1.14 1.97
80-100 ¢ 15.80 31.10 15.30 12 2.10
 Blank 0.00 15.40 23.40

'

Table C17 Determination of particle size Bosso Pit 1

 TLab, Profile  40sec.  Temp 2hr Temp. Sand Silt  Clay  Textural

No  Depth(cm) readings (°C) readings (°C) (%) (%) (%) Class

1 0-20 12,0 28 7.0 30 51.84 8.56 39.60 Sc

D 2040 . 140 28 50 30 }'47‘.84 ‘656 3560  Sc
3 " 40-60 190 - SUER 1 30 37.84 2256 3960  Cl
4 60-80 60 28 00 30 6384 1056 2560  Scl
,s‘ 80-100 60 28 1.0 30 6384 856 2760 Sl

Blank 2.0 -2.0

T2




' 'Table C18 Determination of water content at saturation. Bosso Pit 2
; j

Wt of Wtof can+ Wtof Oven Wtof Oven Bulk  Soil. water Water  Available

)

Ccan Wt ~of wet dried soil +can dried soil density Content content Water

@® | soil (g) ®) (® (gem®)) () (%) (%)

2390  216.83 171.07 147.17 1.50 0.31 31 0.21
2476 21519 170.64 145.88 1.49 0.30 30 0:18
2516 / 224.64 171.00 145.84 1.48 03:7 36 0.22
‘ 24.3;4' 222.84 186.19 161.85 1.65 0.23 23 0.15

2494 21508 © 17241 147.44 150 0.29 29 016

(A N
”"_,:l'\‘ ey L

Table B9 Determination of water content at wilting pofpt. Bosso Pit 2

file Wt of Wt of can +Wt Wtof Oven dried Wtof Oven Soil.water Water

can of wet soil soil +can dried soil Content content
& W ® ® @) %)
BT 13952 13862 11283 7.98%7 0.80
2479 14181 14069 59 9.66* 0.66
2515 148.83 147.20 12205 1.34%2 1.34
80 2421 120.40 118.23 94.02 231%7 230
100 2531  184.59 183.81 158.5 24.92% 049
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Table C20 Determination of water content at field capacity.Bosso Pit 2

Profile Wt of Wtof can+ Wtof  Oven Wtof Oven Soil. water Water
Depth  can Wt of wet driedsoil +can  dried soil Content content
Cm @ il @ ® . ® #e) (%)
; 0—20 2537 20553 173.55 - 148.18 0.21 21
2040 ¢ 2573 21213 182.14 164l 0.9 19
40-gO 24.95 206.67 172.38 147.43 0.23 23
60-86 25.10  218.10 189.43 164.33 0.17 17
- 80-100 24.52 166.24 146.10 121.58 0.16 16
Table C22 Determination of Saturated Hydraulic Conducﬁvity.BM pit 2
+ Profile depth Volume of water ~ Saturated Hydraulic Time
' (cm) | collected (cm”) Conductivity (cm/hr) thr)
0-20 125.0 6.37 1
2040 63.0 321 I
. 40-60 50.0 2.55 1
© 60-80 29.0 1.48 1
80-100 586.0 29.84 1
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Table C23 O

N

rgahic Carbon/Organic matter determination.Bosso Pit 1

Fo

“‘ " 3

Profile Initial Final readings  Volume used Organic( o(/ie)arbon Organic
Depth (cm) reading (cm’) (cm’) Matter

T iy | %)
020 3110 44.80 1370 146 2.50
io;o : 0.00 12.90 1290 1.58 2.70
40-60 12.90 25.20 12.30 1.67 2.88
.éol-sllol 2520 37.70 125 431 2.26
80-100 0.00 15.40 15.40 12 2.10
Blank 23.40
Table C24 Determination of particle size Bosso Pit 1
Lab. Profile 40sec. Temp 2hr Temp. Sand Silt Clay Textural
NQ Depth  readings (°C)  readings (°C) (%) ’ t%) (%) Class

(cm) :
N7 000 . 60 28 1.0 30 63.84 856 2760  Scl
2 2040 50 28 0.0 30 65.84  8.56 2560  Csl
3 '4_0-6{) 14.0 28 6.0 30 4784 1456 3760  Sc
4 bb-so; 10.0 28 7.0 30 55.84 456 39.60  Sc
5 80-100 3.0 28 0.0 30 69.84  4.56 2560  Scl
Blank 2.0 20
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~ APPENDIX D

Table D Mean Temperature, Rain fall and Evaporation of Jan. - July, 2006.

Month Jan. Feb. Mar. Apr. May. June. July.
Temp.(°C) 35.7 - 307 356 384320 :31.5+"30.]
Rain.(mm) 1.2 00 TR 299 1950 107.0 229.7

Evap.(mm/day) 8.7  10.3 10.1

9.7

36 30 21

Source: Meteorological Station Minna Airport, Niger State
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' APPENDIX E

Map showing the locations of Study Areas

et ———————
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W APPX. Points of sampling
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APPENDIX E

Map showing the locations of Study Areas

M APPX. Points of sampling
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APPENDIX F
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Appendix [F \Percentage Points of the Chi-Square Distribution

e

Probability of a larger value of 1 ?

—— - ——t i b 5 | 3 mmrtrna,
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0000 0018 0.102 0.455 2N 384 663
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0711 1.064 1.923 3357 778 949 1328
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APPENDIX G

C - Clay
L -Loam
Sa- Sand
Si-Silt

Fig G Textura] Triang]e
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