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ABSTRACT 

Investigation on soil moisture balance carried out 'at research fam1 of the 

federal university of Technology Bosso campus- Minna, 

The field was arranged in form of a rectangular grid and tMm linear 

interpolation between pairs of points were calculated fa locate th .. l'Olnts out 

which the require contours cut the grid line. 

Physical prope11ies detennined include, moisture content, sieve analysis 

and hydraulic conductivity. Climatologically data were also collecte,d from 

Minna Airp0l1 and River Basin Authority Meteorological departinent to 

determine the rainfall runol1nt, rainfall distribution and frequency. 

From the data collected the total amount of rainfall during the time of 

study was 1224111111 . 

Average infiltration rate for plot,' A,B,C and D ai'e: 24.00cm/hr (Rapid) 

8.255cm/hr (moderately Rapid), 9.666cm/hr (moderately Rapid) and 13.10cm/ilf · 

(Rapid) respectively. 
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CHAPTER ONE 

1.0 INTRODUCTION. 

The soil moisture balance of an area depends on meteorological factors 

influencing precipitation and evaporative loss from plants and the soil as other 

factors influencing surface and subsurface water movement, soil infiltration, 

percolation, and water storage capacity characteristics, crop special and 

. development stage and agricultural practices . These factors presents enonnous 

problems and means that soil moisture balance studies are inevitable a 

simplification. The degree of simplification will be related to the purpose of the 

study. In practice, assumptions and simplifications are adopted. A common 

assumption is that all the precipitation infiltrates into the soil and therefore, 

strictly speaking, there is no "surface" nmoff, a water surplus occurring only 

when the soil moisture storage capacity has been exceeded. A second frequent 
. 
assumption is that the rate of evaporation (transpiration) does not change with 

change in the amount of available water (O.D. Aveke 1984). If the face that 

plants may experience difficulty in obtaining water once soil moisture falls 

below filed capacity, with a resultant fall in evaporate aspiration, is taken into 

account, then the calculation is sometimes tenned a modulated soil moisture 

balance of a field is a statement of all gains, losses and changes of storage I of 

nioisture occurring in a given field within specified boundaries during a 

specified period of time. The task of monitoring and controlling the soil 

moisture balance is vital to the efficient management of water and soil. A 

knowledge of the soil moisture balance is necessary to evaluate the possible 

methods to minimize loss and to maximize gain and utilization of moisture 

which is so often the limiting factors in crop production. 



Gains of moisture in the field are generally due to precipitation and 

irrigation. Occasionally, there may be gains due to accmTIulation of run off from 

higher. Tracts of land, or to capillary rise from below (especially, where a water 

table is present at a shallow depth). Losses of moisture include surface runoff 

from the field deep percolation, out of the root zone (drainage), evaporation. 

From the soil surface, and transpiration from the crop. 

The change in storage of moisture in the field can occur in the soil as well 

in the plants. The total change in storage must equal . the deliverances between 

the sum of all gains and the sum of all losses. Accordingly, the soil moisture 

balance equation may be stated as: Gains losses = change in storage (P + I) - (R 

+D+E+T)= 6s+ 6v(Aveke ]984) 

In which, P, is precipitation, I, irrigation, R, nlloff from the filed, D, downward 

drainage out of root zone, E, evaporation. From the soil T, transpiration by the 

crop, 6 s, the change in soil moisture .content of the root zone, and 6 v. the I 

change in plant content. All of these qualities are usually expressed in tenns of 

groundwater depth per lmit land area (ha/cm) or units of depth (cm). 

An important consideration in soil moistm'e balance studies is the period, 

or time interval, for which the balance is made. Too short a period might be 

impractical, while too long a period might mask the occurrence of short tenn 

critical stages. At such critical stages as flowering and fruit set even temporary 

imbalance in crop-water statues can have a lasting effect. It is necessary to . 
"ensure that the soil moisture balance is maintained positive continuously during 

the growing season. 

The most common cause of plant death is the lack of sufficient water to 

replace that lost by transpiration. Even a temporary water deficit can sometimes 

be fatal. Pants have a number of ways of avoiding the build·up of water deficits. 
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The may IIlcrease their efficiency of water intake, for example, by extending 

their root systems. In inigatioll control , it is often considered advisable to allow 

the development of some deficit, at non-critical periods, to encourage plant to do 

tins. Effective rooting depth tends to increase in decrease in soil moisture and 

roots are finer and have more and longer branches under moisture stress. 

Frequent irrigation leads to the development of shallow, horizontally spread root 

systems which cause problems during dry conditions . . Examples of experiments 

investigating the effects of plant water stress on rooting systems, including 

implication for irrigation are presented by Meyer and Ritchie (1980) 

1.1 OBJECTIVES OF THE STUDY. 

The main objectives of this study include the following. 

1. To provide a general overview of the water conditions in tile study 

area. Here precipitation potential and actual evaporation, soil moisture 

are being considered 

2. To assess the suitability of the area for a particular crop and vice versa. 

3. To asses in'igation requirement botII quantity and interva1. 

Or 

Alternatively, in the case where there is a surplus, a soil moisture 

balance will indicate its magnitude and hence drainage requirements . 

To advice on irrigation period and tiequency: from season flux of water 

table . . 

1.2 SCOPE AND LIMITATIONS. 

The scope of this research covered only Federal University of Teclmology 

research fann, with the view of detennining 

Topographic map of the study area. 
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Infiltration rate of the study area 

Soil analysis of the study area 

Climatic condition of the area 

Ground water Table of the area 

Hydraulic conductivity of the area 

One of the limitations of the study is the relatively Sh011 period of the data 

. Another limitation is the scope in terms of area coverage. The data were 

collected from a locations and may be if they were to be collected over a 

wider area, the study will provide insight for agricultural planning. 

1.3 JUSTIFICATION 

The study is important because it will enable one to assess the soil 

moisture, use by a tabular crop or vegetation and as well determine the soil 

inoisture yield relationship. 

This study is justified because it would fonn part of a model ' for 

investigations rainfall-runoff relationships and stream flow prediction from 

climatic data 

The effect irrigation, changing land use and management practical can be 

analysed by experiments. 

To advise fanner on the best possible irrigation system layout. 

To investigate the availability and rate of contribution of ground water to 

wet water requirement of field crops during growth stage, maturity and pre­

halvest. 

A knowledge of the soil moistlU'e balance is necessary to evaluate the 

possible methods to minimize and to maximize gain. 

4 
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CHAPTER TWO 

2.0 LITERATURE REVIEW. 

Minna experiences two distinct seasons the dry and wet season, the wet 

season starts by March and ends in October an average of eight months and the 

remaining (A) months, November to February covers the dry season period. 

Adefolalu (1986) in his contribution explained that during the wet season 

every where get wet, the rivers, streams filled up to their paves and in some 

cases over flowing their banks. This can lead to flood. Lack of good water 

drainage and water channels for easy water flow may lead to water flooding 

fanTIs , houses and other places which will lead to lost of lives and properties. 

Ojo 1977 and Obasi el al (1987) show that variability in Nigeria reveal that apart 

from the rainfall amount other measure of precipitation effectiveness. 

Similarly, Denmeed et al (1980) carried out an experiment to detennine 

the effect of soil moisture stress at different stages of growth on the 

development and yield of corn. During the experiment, plants were subjected to 

successive drying cycles in which the soil moisture content was , depleted to the 

wilting point at three stages of growth . 

In the final analysis, they realized that stem elongation was reduced by 

stress in the vegetative stage of growth .. The rate of stem elongation declined 

.. when the available soil moisture was depleted by about 75%. Regarding the leaf 

area of corn due to moisture stress. 

The effect of soil moisture tensions on growth of wheat was examined by 

Lehane et al (1982). This involved a green house experiment in which wheat 

was grown on a limited amount of soil moisture 
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Soil moisture and hence the decision as to appropriate values of the 

fonner presents problems this aspect is discussed by change (1968) Baier (1981) 

and Giambelluca (1986), for example the time period considered for the 

calculation (i.e month weekly daily basis) is important, Doorenbous and Pruitt 

(1977) examine soil water balance appiications in irrigation scheduling and 

Baier (1981) considers their use in crop yield models. Oldeman and Frere (1982) 

describe methods of calculating the soil water balance with particular reference 

to humid regions of south east Asia. The moisture balance for rice is considered 

by Robertson (1995) in this case water storage comprising both water in 

saturated soil and depth in the flooded paddy. Use of the water balance in 

assessing irrigation, need is considered. In using a water balance approach to 

estimate evaporation, M~Gowan and Williams (1989) · refer to the problem of 

distinguishing the later fi-om drainage. They describe, a simple graphical 

approach to overcome the problem. Problems of soil-moisture a~sessment, have 

implication for the use of water balance approaches to estimate water use by a 

crop, although McGowan and Williams (1980) suggest that neutron probe errors 

can be made small enough for such a purpose. However, it is because there are 

problems that a water balance approach to estimate soil moisture is important for 

various purpose such as those indicated above. To illustrate the application of 

the ~ater balance method to agriculture, a munber of case studies of different of 
I 

different types will be used. 

Dagg (1985) used a simple water balance approach to test the suitability 

of a marginal area in Kenya for growth of two varieties of maize. the 

calculations were carried out using monthly values. A reliable rainfall amount 

which could be expected of years out of lOon average. rather than mean monthly 
.. 

rainfall was used. use was made of E/Eo ratios for the two varieties at different 

states of their -growth and an Eo estimate (using the pen an fonnula) in order to 
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calculate Et . It was assumed that all the rain infiltrated into the soil. The results 

of the calculations supported the observed facts of maize cultivation in the area. 

In particular, the imported variety of maize, which had a shorted growing season 

then the local variety, but higher water .demand at certain stages of its growth, 

was fOlUld at certain stages of its growth, was fOlUld to be mare suited to the 

rainfall season. The local variety, with a longer season, was likely to be 

subjected to moisture stress towards the end. 

Geambelluca (1986) used a modulated monthly water balance to examine 

hand use impacts on the hydrology of oahu, Hawaii plantation crops (sugar cane 

and pine apple) hand most impact on ground water recharge, urban influence 

varying with climate. 

Since plant water relations over short period are important, a more 

detailed analysis than monthly conditions is offer necessary, particularly for 

irrigation. It was pointed out that some plants suffered a decline in 

photosynthetic rate. With even slight water stress and therefore, would require ; 

frequent iITigation. The complexities of water availability in relation to soil type, 

rooting habits and transpiration rate were discussed. This will influence the level 

of moisture which must be maintained in the soil and hence the frequency of 

irrigation. Therefore, irrigation practices will need water balance calculations 

over different time periods depending on crop type and environmental 
I 

conditions. Crops reacting to a slight water stress may need daily or 5 days 

calculations on, say, a weekly on fortnightly basis. 

A water balance approach was adopted by Munro and wood (1984) in 

analyzing water requirements and yield of Maize in Mahawi. The basis system 

of irrigation was llsed and irrigation trea!ments were based on reaching of an 

~vaporation pan (122cm diameter, 42cm deep used in East and central Africa) 

multiplied by a series of irrigations factors" ranging from 0.6 to 2.4. A running 
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water balance was kept for each treatment (inigation factor) and 50mm of water 

were applied when the cumulated soil water deficit reached or exceeded tllls 

amount. 

1n Uganda, Rikks and Harrop (1989) used a water balance approach in an 

experiment concerning inigation and fertilizer use on cotton. For irrigation 

control, the water balance, including rainfall, irrigation and crop water 

requirements was used to detennine th~ occurrence of a moisture deficit. The 

crop water use was detennined by applying a serious of crop factors of growth 

to a pen man open -water surface evaporation figure. An important conclusion 

was that the use of a water balance approach reduced water expenditure, toward 

labor cost and gave similar yields to a preset pattenl of irrigation at regular 

intervals. 

III Kenya , Lalallib (1983) examined the use of water deficit and crop 

water use . He assessed the impact of water deficits on yields and also related 

, this tb inigation derived form this experiment were quoted: Hudson (1980) 

exrunined the water storage capacities of various soils in Barbados. He then set 

those in irrigation and cultivation decision making and as the basis for ali 

ecological grouping of sugar estates according to their probable water balances. 

A modulated water balance approach was used by smitll (1986) fr~ 

coconut in Trinidad. He assmned that the ratio of the actual evaporation to the 
I 

potential evaporation (water freely available) varied linearly with the ' soil 
. 
moisture deficit. The water balrulce approach was used on a weekly basis to 

determine soil- moisture deficit which was then cOITelated against yield of dry 

copra. This relation was compared with the relation between rainfall and in 

almost every case the soil moisture deficit was more closely related to yield than 

was rainfall. A regression relation between yield of dry copra and an integrated 
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soil moisture deficit over the 29 months before harvesting was derived. Tllis is 

an example of a fairly advanced application of the water balance method. 

In Colombia, Jones, Pena and Canabaly (1980) used a soil water balance 

to investigate water relations of several tropical grasses. In both wet and dry 

seasons dry matter production was closely related to transpiration as estimated 

by the water balance model. Reddy (1983) used a water balance to estimate soil 

moisture loss under cropped and fallow situations in India. Estimated 

evaporation and soil-moisture compared favorable with observed values. Hari 

Krishna (1982) discussed a water balance mode for 'small agricultural water 

sheds in India to evaluate hydrological response to traditional and improved land 

inanagement techniques. 

Stewart and Hash (1982) used a water balance approach for maize in 

Machakos District, Kenya they evaluated the suitability of a given crop for any 

location. Individual seasons were categories according to date of rain onset and 

adequacy of rainfall for maize. This allowed recommendations on seed and ' 

fertilizer rates and tllilming out of plants to be made and prediction of yields for 

platming purposes. Porter (1984) used a daily balance with separate scheduling 

of soil evaporation and crop transpiration in Kenya. Runoff and drainage when 

soils reached field capacity was made soil specific and there was careful 

speciation of rooting depth, soil depth, moisture availability and crop 

transpiration coefficients. Effects on soil moisture of soils with farmyard manure 

were allowed for. 

In southenl Brazil, daily modulated soil moisture budgets for com, 

soyabeen and upland rice were examined by Damota (1983) and Damota et al 

(1984). A daily water stress index was calculated, based on the assmnption that 

'yield reduction is proportional to reduction in evaporation below the maximum. 

Indixes were summed and models developed for yield prediction. 
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Field moisture capacity, the content after natural drainage, is detennined 

not only by the water characteristics of the soil and the layers of the soil profile, 

but also by the water condition of the subsoil. 

Tenasansa (1982) using soil columns of a volcanic ask soil, showed that a 

considerable amount of water was transfelTed from the subsoil to the surface soil 

during a dry season. Kira et al (1983) obtained the same result. They placed a 

sheet of from horizontally into a test plot at a depth of 45cm to disnlpt water 

transfelTed from the sub-soil to the surface soil, and " measured , the changes of 

water suction is this plot (plot A) and in another test plot (plot B) without the out 

off. Both plots were protected from rainfall. Although the upland rice in plot A . 
, exhibited signs of wilting by mid September, plot B did not show signs of 

" wilting until harvesting began at the end of October. 

The suction at 60 and 90cm increased less rapidly in plot A then in plot B. 

water must have been trallsfened fonn the sub-soil to surface soil inconsiderable 

amounts . 

Nakano (1980) fOlmd that the amOlmt at of water moving upward fonn the 

~ubsoil to the surface larger was about one third of evaporation aspiration. 

Nakajimada (1986) observed that water suction at a depth of 45cm in a bare red~ 

yellow soil did not exceed lOOcm H20 even with low rainfall. All these results 

indicate that a considerable quantity of water moves up from the subsoil. 

Percolation of wate"r through the subsoil in rice paddy field is an important 

management factor for rice culture in Japan . Excess percolation causes a large 

water requirement injury due to low water temperature, and fertilizer loss. But 

adequate percolation- is said to have some to the soil and eliminating hannful 

Ipaterials (Ishihara 1986). 

Isozaki (1987) has shown that maximum rice yields occur at percolation 

loss values in the range of 10 to 20mm/day. 

10 



Brandt et al (1981) studied infiltration from trickIer source and concluded 

that the vertical component of the wetted. 

Musa (1984) conducted an experiment in two dimensional ~ater 

movement from conventional trickle irrigation line SO~lrce on a sandy loam soil, 

with two different discharge rates . The result showed that the average vertical 

advance of wetting front measured at the symmetrical axis of the profile (H20) 

as a function of the volume of water applied indicated that an increase in the 

conductivity of soil increases the vertical advance but decrease the horizontal . 

advance at both application rates tested. 

2.1 GEOLOGICAL FORMATION 

The geology of Bosso (Niger state) is divided into the distinct geological 

zones. The basement complex and the Nupe sand stone. Marklock Group 

Nigeria limited (1986) final on Niger state Regional plmming. The dividing line 

runs in an approximately straight line N.W. S.E Orientation from just south of 

Kontagora to just North of Lapai. The other significant, but much smaller, zone 

i.s the area of River alluvium which is mainly found along the lower readers of 

the Kaduna and Gboko rivers as they flow over the Nupe sand stones zone along 

the river Niger as it mns alongside the states southenl bOtmdary. Each 

geological fonnation exhibits different topographical, hydrological and soil 

features which are highly influential 111 detennining existing settlement 

distribution . (max lock Group Nig. Ltd. 1980). 

2.1.0 DESRIPTION AND CLASSIFICATION OF SOIL 

The soil as very complex, made up of a heterogeneous mixture of solid, 

liquid, and gaseous material. The solid phase is composed of a mineral portion, 

containing particles of varying seizers, shapes and chemical composition is very 
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Jleterogeneous, containing a diverse population of life, active organism as well 

as plant and animal residue in different stages of decomposition. The liquid 

phase consists of soil water, which fills parts or all of the spaces between the 

solid particles. The water phase containing solute that may have been dissolved 

form the soil mineral or may have entered through the soil surface. The water 

phase is held by force in the soil matrix and varies significantly in mobility 

depending on its location. The gaseous or vapor phase occupied the part of the 

pore space between the soil particle that is not filled with water, its composition 

,can differ considerable from that of the air above soil surface and may change 

dramatically in a short time period. The chemical and physical relationship 

among the constituent of the solid, liquid and gaseous phases are affected not 

only by the properties of each component but also by temperature, pressure and 

light. 

The soil solid phase has a dominant influence on many water, heat, and 

solute transport and retention processes therefore, characterizing the physical I 

and chemical properties bf the soil, soli~ phase is essential to an tmderstanding 

of many of tIle practical agricultural and environmental problems within the 

preview of modern soil physical research. The soil phase consists of particles of 

vastly different shapes and sizes, which range from the lower limit of colloidal 

state of the COal'set fraction of sand and gravel . The different particles, especially 
I 

those of colloidal dimension may be found in states ranging fonn almost 

complete dispersions nearly perfect aggregation. In most solids, however, there 

is only a partial aggregation of individual particles . 

. The completely dispense or primary particles are usually referred to as 

textural separates. The aggregate formed from a consolidation of individual 

particles are generally regarded as the structural unit. (chow, 1998) 

12 



2.2.1 PHYSICAL PROPERTIES OF SOILS 

The soil is a complex mechanical system. For a soil to be in good physical 

condition for plant growth, the water and solid pm1icles must be in the right 

proportional at all times. Every can of soil that is expected to support plant life 

must be . . 
1- Open enough to permit the right amOlUlt of rain water or irrigation 

water to enter the soil, but not so open as to allow excessive loss of 

water and plant nutrients by deep percolation. 

2- Sufficient retention of moisture to supply roots with all needed ~ater, 

but not so retentive as to create undesirable water tables. 

3- Well enough a created to permit all plant root cells to obtain oxygen of 

all times, but not excessively a crated to the point of preventing a 

continuous of contact of roots with moist soil pat1icles (Donahue, 

2.2.2 SOIL MOISTURE. 

The size of particles making up a soil determine its texture. The particles 

rmlge thml 1.00 · millimeter no diameter are gravel, particles from 0.05 to 

1.millmedre in diameter are sand, particles from 0.002 to 0.05 millimeter are 

clay. Most soils contain a mixture of sand, silt and day. If sand particles 

dominate, the soil is called sand. If clay particles dominate, it is called clay silt 

falls between clays and sands. Loam are medium textured soils having about 

e,qual amounts of clay, silt and sand particles. Sand grains feel grittily to the 

finger and can be distinguished without difficulty by the unaided eye. Silt barely 

visible to the flour. The individual particles of the clay fractions many of which . 

are inorganic colloids, are not distinguished by the eye, and a large portion of 

them are too small to be seen under a microscope it is this fraction that makes 

13 



soils swell and becomes sticky when wet and becomes brittle on drying 

(Donahue (1982). 

2.2.3 MOISTURE CONTENT 

Measurement of water stored in soils and capacity of soils to store water 

are very important. Some soils produce crops despite the lapse of many clays, 

, and 'sometimes weeks, between periods of rainfall is . evidence of their capacity 

to store available water, since all growing plants require water continuously. 

In irrigated regions the capacity of soil to store available water for the use 

of growing crops is of special importance and interest because tlle depth of 

water to apply in each irrigation, and the interval between irrigation and both 

influenced by storage capacity of the soil. 

Knowledge of the capacity of soils to retain available irrigation water is 

also. essential for efficient irrigation. If the irrigation applies mare water than the 

root zone soil reservoir can retain at single irrigation, the excess is wasted. If it 

applies less then the solid will retain, the plant may wilt from lack of water 

before the next irrigation unless water is applied frequently than otherwise be 

necessary. 

It is important to find the available water capacity for different soil i.e the 

field capacity less the moisture content at the permanent wilting point. 

.cVangum, Orson, and Glen (1980). 

Method of measuring moisture content includes: . 

1. Appearance and feel of soil. 

2. Gravimetric determination. 

3. Using electrical properties of porous block. 

4. Tensiometer. 

5. Neutron method. 
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2.3.0 WATER HOLDING CAPACITY 

The moisture content of a sample of soil is usually defined as the amount , 

of water lost when dried at l05C, expressed either as the weight of water pr unit 

weight of dry soil or as the volume of water per unit volunie of bulk soil. 

Although useful, such information is not a clear indication of the availability of 

water for plant !:,Tfowth the differences exist because the water retention 

characteristic may be different for ditferent soil. 

About half a soil's volume is pore space which is occupied by varying the 

amOtUlt of air and water, depending on how wet the soil is. Water is held ,in the 

pore spaces in the fonn of films adhering to the soil particles the smaller pores 

in the soil are called micro pores, the larger ones are macropores. Macrospores 

do not hold well because the water films become too think to adhere well to the 

surrounding soil particles it is not worthy that drainage takes place within 

macro-pores and water holding capacity within micropores. (Donahue (1982). 

2.3.1 PERMEABILITY. 

Penneability is defined as the readiness with which a soil transmit fluids. 

A high permeability is essential for teaching down the excessive soil or removal 

of sodium (Na) released by the application of gypsum in alkali soil. Again, the , 

penneability decrease with the increase ' of dispensability and exchangeable 
I 

sodium percentage of the soil. GeneralIy water moves slowly downwards 

through a highly dispersed soil because the micropores are chocked by , the 

swelling to dispersed clay. However, when the applied ,water contains sufficient 

divalent cation is suppresses diffused double lay of clay particles and increase 

soil permeability. Soil permeability also depends on soil texture, stnlcture and 

depth of the water table. (David, Eagle and Finnery 198'6) . 
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2.3.2 SOIL PLANT WATER RELATIONSHIPS 

Soil- plant water relationships relate to the property of soil and plant that 

affect the movement, retention and use of water. Soil provides the room no 

water to be used by plant through the roots present in the same medium. Water, 

'as such and also as a carrier of large amount of nutrient is required in a large 

measure for the successful growth span of a crop, it becomes essential to apply 

additional water to the soil for plant use in the from . of irrigation. The rate of 

entry of water into the and its retentioll, movement and availability to plant roots 

are physical properties of soil in relation to water from efficient management of 

irrigation a!:,rriculture (Michael 1985). 

2.4.0 PHYSICAL HYDROLOGY AND WATER STORAGE 

The infiltration capacity of a soil depends on the availability of water, 

porosity, the vegetative cover as well as on the intensity of rainfall. All loose, 

penneable soil has a higher in filtration capacity than a compacted clayed soil. A · 

high intensity rainfall tends to clog the soil intensities with finer particles 

through impact action and therefore tends to reduce the rate of infiltration grass 

and other vegetation cover reduce the impart of rain drops 011 the soil and 

therefore, enhance its infiltration. Since the water content of a soil changes as it 

absorbs water, the infiltration capacity of the ground changes continuously 

during a rain stonn until saturation is reached. Beforesatllration, the infiltration 

rate is nonnally equal to the intensity of rainfall equal to the intensity or rainfall 

both being less than the infiltration capacity. However as saturation is 

approached, infiltration rate approaches the reduced infiltration capacity. The 

excess of rainfall over the infiltration water accumulates and begins to flow as 

s~lrface run off. (Michael (1985) . 
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2.4.1 HYDROLOGlcALCYCLE. 

All stream flow into the sea, yet the sea is not full though the streams the 

streams are still flowing (Ecclesiastics 1 :7). The explanation of this enigma is so 

well known today even to the school child that we often forget that the role play 

by evaporation and perspiration is far from obvious and it was not fully 

understood until modenl times. The origin and movement of ground water was 

less obvious to the ancients. Today we can visualize the ever changing migration 

of atmospheric, surface and ground water as a complex interdependent called 

collectively the hydrological cycle. figure 2: 1:0 Although the hydrologist is 

concenled chiefly with ground water, al1 aspects of the hydrological cycle must 

be understood at least in genera way before an accurate picture of the subsurface 

portion of the cycle can be achieved. . 

The oceans are the ilrunense reservoir from which all water originate and 

to which all water returns. This statement is somewhat simplistiC because not all 

water particles are in the process of completing the hydrological cycle at all 

times. They are built in loops for example, when water evaporate from land and 

retums to land as precipitation only evaporate and , so on. But in its most 

elaborate cycle, water evaporate from the ocean fonns cloud: Which moves 

inland and condense to fal1 to the earth as precipitation. From the earth though 

river and under ground water runs off the magnetic metamorphic sources but 

there is also a constant subtraction of water that is incorporated in the structure 

of minerals within sedimentary deposits. Geologic evidence strongly suggests 

that the volume of water in the oceans has remained reasonably constant during 

the past 500,000,000 years, so the total amount within the hydrologic cycle must 

have also remained nearly constant (Stanley Davies and Roger (1966). 
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2.4.2 GROUND WATER. 

Ground water is water beneath the soil surface where voids in the soil are 

. subst~"ntially filled with water. Upward movement of ground water by capillary 

from the water table into the root zone can be a major source of water for plant 

growth. To be most effective without seriously restricting growth, ground water 

should be near but below the depth fonn which the major portion of the plants 

water needs are extracted. 

If, growth is within the nonnal root zone, plant growth is suppressed. If 

ground water is too near the surface, the wind's ability to economically produce 

most crops become almost mil. However, a water table within the lower portion 

of the root zone may supply a considerable amount of water and thereby reduce 

the cost of irrigation more than it offsets the loss of production. The optimum 

depth of the water table is that depth which gives the maximtun eCOnOlll1C 

retunl. (Vaughn, Orson11, lsrealse and stringm 1980). 

2.4.3 SURFACE RUN-O"FF 

The nm-off resulting from a given storm is obtained by subtracting the 

amount of infiltration and surface retention from the rainfall. Surface retention 

includes depression surface (Interception by vegetation, and water stored in 

puddles, ditches etc) and evaporation during rainfall. Thus mathematically 

surface run off in given by: 

Where: 

Q = R- I-S. 

Q = surface run-off. 

R = Rainfall. 

I = Infiltration. 

S = retention storage. 

The evaporation component of retention storage is considered to be small. 
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2.4.4 INFIL TRA TION 

This is the process by which part of precipitation (rain water) waters the 

subsurface. During a rainstonn, water particles enter voids in the soil and fill 

, them to saturation under sufficient rainy condition and water particles move 

down fi'eely to join the underground reservoir. The ground is known as the 

infiltration rate (chow 1988). 

2.4.5 HYDRAULIC CNDUCTIVITY. 

The rate of flow of ground water is response toa given hydraulic gradient 

IS dependent upon the hydraulic conductivity of the aquifer. The hydraulic 

conductivity, as applied to an aquifer, is defined as the rate of flow of water in 

litres per day through a horizontal cross sectional area of one square metre of the 

aquifer under a hydraulic gradient of one metre at eh prevailing temperature of 

water. (Mazumder 1983). 

2.4.6 IRRIGATION. 

Irrigation generally is defined as the application of water to soil for the 

purpose of supplying the moisture essential for the plant growth. However, a 

. broader and more inclusive definition is that irrigation is the application of water 

to the soil for a number of the following eight purposes. 

1. To add water to soil to supply the moisture essential for plant growth. 

2. To provided crop insurance against short duration droughts. 

3. To cool the soil and atmosphere, thereby making more favorable 

environment for plant growth. 

4. To reduce the hazard of frost. 

5. To reduce the out or dilute salts in the soil 

6. To reduce the hazard of soil piping. 
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7. To soften tillage pans and clogs 

8. To delay bud fonnation by explorative cooling. 

Irrigation may be accomplished in five different ways: 

1. By flooding 

2. By means of furrows large or small 

3. By applying water underneath the land surface through sub-irrigation, 

thus causing the water table to rise. 

4. By sprinkling 

5. Or by trickle systems. 
I 

Water to supply moisture essential for pant growth may came for five 

source, nOlle of which should be ignored when irrigation. Water 

requirements are estimated. 

1. Precipitation. 

2. 

3. 

Atmospheric water other the precipitation. 

Flood water. 

4; Ground water. 

5. Irrigation water. 

Faihu'e to consider all five sources and the proportion of water that each 

' suppiies to total plant needs may result in faulty design of an irrigation system. 

in some are us one of the five sources may supply the major portion of plant 

needs; in other areas two or more will contribute appreciable amOlmts of water 

for plant growth. (Vaughn, Orson, and Glen (1980) 

2.5.0 DRAINAGE. 

Adequate drainage of crop-producing land requires a general lowering of 

shallow water table. Experience has demonstrated fully the need for drainage of 

irrigated land. In some valleys the higher lands never require drainage, but the 

20 



need for drainage of the lower lands in frequently a result of the inigation of the 

higher lands. From 20-30 percent of the irrigated lands in arid regious need 

draipage to perpetuate their productivity. The reclamation of saline and alkali 

soils has many important phases, but adequate lowering of the water table by 

drainage is a first and basic necessity. 

Inigation and drainage in aerial regions are complementary particles, the 

necessity for drainage being increased by low efficiencies in the conveyance· and 

application of iITigation water. 

.2:5:1 BENEFITS OF DRAINAGE. 

Adequate drainage improves soil structure and increases and perpetuates 

the productivity of soils. Drainage is the first essential in reclamation of water 

logged saline and alkali soils. Drainage benefits inigation agriculture and the 

public in many ways example, adequate drainage: 

1. Facilitates early ploughing and planting 

2. Lengthens the crop growing season. 

3. provides more available soil moisture and plant food by increasing the 

depth of root-zone soil. 

4. Helps in soil ventilation. 

5. Decreases the soil erosion and gulling by increasing water infiltrations 

into soils 

6. favours the growth of soil bacterial. 

7. leaches excess salts from soil, and 

8. Assures higher soil temperature. 

Drainage also improves sanitary and health conditions and makes rural 

life more attractive (Vaughn, Orson and Glen 1980) 
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2.5.0 WATER BALANCE. 

Once the extent of an aquifer has been established and . its abundances 

tl 
. I 

identified, it should be possible to quantify the volume of water 1at are passmg 

through the ground water system. The amount of recharge can be assessed using 

infonnation about rainfall and evaporation. Discharges fonn tlle aquifer can be 

estimated from spring flow measurement stream gauges and amotmt of water 

pumped from local wells. This stage of all previous work and is tlle point at 

which it be comes possible to start to answer those questions which caused you 

to initiate the investigation in the first place. This may include the availability of 

'ground water resources and the suitability of the resources abstraction, or the 

treat of pollution from the proposed waste disposal operations. 

Ground water recharge to an aquifer can not be measured, directly but 

only infelTed from other measurements. As ground water is part of the 

hydrological cycle measurements of other components of the cycle can be used 

to estimate the value of the resources, using a technique called a water balance: 

In this type of calculation it is assumed that all the water leaving an area, plus or 

minus any change in storage. This can be written more fully as in tlle equation 

.. given below: (Barssington 1993). 

INFLOWS: 

(RainfaU + recharge from surface water + sea water intrusion + inflow 

from other aquifers to leakage + artificial recharge.) = (abstraction + spring flow 

+ base flow in river + discharge to the sea + flows to other aquifer + 

evapotranspiration) + (change in aquifer storage). 

22 
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CHAPTER, THREE 

3.0 MATERIALS AND METHODS. 

3.1 LOCATION OF STUDY AREA. 

TIns study was carried out for the month of 26th October 1,999, at research 

fann of the Federal University of Technology, Minna (9°40' N, 6°30' E 30 

elevation). Minna lies witllin the southenl guinea savanna zone of Nigeria and 

has a humid semi arid tropical climate witll a mean annual precipitation of 

120mm (90% wInch falls between the month of June and August). Wet season 

temperature average about 20°C. The peaks are 40°C (February, March) and 

36°C November - December). 

Mean monthly rainfall during this study period was 20?5mm, relative 

humid 82. 4%, minimum temperature 21.6°C and maximum temperature 30.7°C 

(Nigeria Airport AutllOrity Minna. Table 3: 1) 
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TABLE 3.1 

RAINFALL AT FUT l\1INNA'(BOSSO MAI~ CAMPUI) 

Y"/moth Jail Feb. Mal' Ap.-il May JUIIC JUI~1 Aug SnlJt Oct H~, Dcc. Total 

19RO 0.0 o.n 0.0 4.7 22.6 13H.S 2H2.4 390.3 323.2 94.7 O.t}' · 0.0 1356.4 

.19Hl (1.0 0.0 17.4 204.H 262.33 13 t. 7 377.2 242.9 121.9 121.9 4.6 0.0 1556.6 

19R2 0.0 0.0 15.4 16.2 130.3 196.1 262.7 422.3 135.5 148.7 7.6 0.0 1334.9 

1983 0.0 0.0 61.2 17.3 141.7 250.6 214.8 185.6 148.1 93.3 0.0 O~O 891.9 

1984 0.0 0.0 61.2 17.3 137.3 250.6 233.3 249.7 176.6 61.0 0.0 0.0 1191.4 

1985 0.0 0.0 57.8 20.3 137.3 190.0 139.0 302.4 276.7 47.7 0.0 0.0 '1171.2 

1986 0.0 0.0 39.6 15.4 36.0 183.3 251.7 243.0 315.8 83.8 19.6 0.0 1243.8 

1987 0.0 0.0 13.5 44.6 104.5 83.0 143.7 238.5 94.6 100.1 0.0 0.0 822.5 

1988 0.0 0.0 0.0 0.0 81.5 132.0 218.3 350.1 403.6 33.1 0.0 0.0 1218.6 

1989 0.0 0.0 5.0 49.5 765.0 193.7 193.7 248.7 202.0 79.0 0.0 0.0 1259.4 

1990 0.0 0.0 0.0 177.2 22S.2 HII.S 2S6.3 IHS.R 145.6 110.5 0.0 0.0 I1fu.9 

199\ lUI (I.n 1\4.S 335.(1 11'10. 1 192.9 268.5 19().R 33.9 (I.n 0.0 1316.7 

1992 n.o 11.0 1.3 15H.2 176.H 162.9 196.4 231.5 2311.3 46.6 32.9 0.0 1241.9 

1993 n.o n.o 0.0 0.0 174.4 1711.S IH9.7 271.1 178.3 63.3 0.0 0.0 1047.3 

1994 0.0 0.0 7.3 72.5 144.4 239.0 142.5 367.2 261.3 208.1 0.0 0.0 1412.3 

1995 0.0 0.0 0.0 100.5 123.3 144.5 153.2 409.0 185.7 135.5 23.6 0.0 1279.3 

1996 0.0 0.0 0.0 48.6 164.7 225.0 259.7 257.0 191.1 127.9 0.0 0.0 1278.0 

MEAN. 12.8 13.0 147.2 172.3 205.8 294.0 218.1 93.5 5.5 0.0 

SOURCE: MINNA AIRPORT METEOLOGICAL DEPT. 

From table 3.1, rainfall at the site spread over a period of eight to nille months 

eVeIY year, with December, January and February not reading any Ineasurable 

rainfall over the period of record. Rain becomes steady in the 'month of April 

and ends in October, with only sparse rains in March and November in some 

years (figures 3.1 and 3.3). The mean annual rainfall cover the period in 

}224mm. FroUi, the same table August is the month of heaviest rainfall at the 

site . or study area. 
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TABLE ~;2. DATA ON RADIATION, RAINFALL, SUNSHINE, RELATIVE 

HUMIDITY AND TEMPERATURE AT MINNA AIRPORT 

GLOBAL MEAN MEAN RELATIVE EVAPOR 

SOLAR 

I 
MONTHL MONTHLY HUMIDITY ATION 

RAuIATIO "i RAINFALL 

N TEMP . 
. _ ....... -

• DAY SUNSHIN Ca1/cml
/ (OC) (rom) (%) (ML) 

LENGTH E (HRS) day ! 

J. 11.6 6.5 143 35.5 0.0 25 13.5 

F . 11. 8 7.1 169 37.7 0.0 31 14.5 

M. 12.0 6.8 172 37.1 13 .5 43 12.1 

A. 12.3 6.9 18 :'1 37.9 44.6 41 14.4 

M. 12.5 9.0 175 36.9 104.5 61 9 . 6 

J. 12.7 6.3 133 31.4 83.9 79 4.1 

J. 12.6 5.8 128 30.5 143.7 83 2.9 

A. 12.5 5.4 125 29 . 9 238.5 85 2.4 , 

S. 12.2 6.3 145 30.5 94.6 81 2.7 

O. 11. 9 7.9 165 32.2 100.1 69 4.3 

N. 11. 7 8.3 171 35.2 0.0 39 9.6 

D. 11.6 8.6 149 35.1 0.0 34 13.3 

MEAN = 

12.12 i 

SOURCE. MJ:NN'A A!RPORT, NIGltR. STA'l'Jil. 



ct.. fMll TIc DAtA 
Nt/NAtA 

, .... '3-.'2- 1994 

Month Rain fall Cumulative Max Min RlH% Sunshine 

Total (mm) Total (mm) Temp Temp hrs/Total 

January 0.0 0.0 34 18 66 

February 0.0 0.0 37 18 46 

March 0.0 0.0 40 24 66 

April 38.9 38.9 37 24 69 

May 171.9 210.8 34 24 80 

June 151.4 362.2 32 23 84 

July· 75.8 438.0 32 23 84 

August 425.7 863 .7 31 23 85 

September 194.0 1057.7 31 23 85 

October 102.1 1159.8 33 23 81 

November 0.0 1159.8 34 19 69 

December 0.0 1159.8 34 15 55 

Sources: - Nigerian Meteorological Services: Lagos 
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eLf 1V1ItTtC DAtA 
M /NII-IA 

- 1995 1- 3'4-

Month Rain fall Cumulative MaxoC MinoC RIH% Sunshine 

Total (mm) Total (mm) Temp Temp hrs/total 

January 0.0 0.0 34 15 50 -----

Fcbntary 0.0 0.0 36 17 40 -----

March 22.9 22.9 39 24 69 -----

April 43 .8 66.7 38 26 69 -----

May 92.3 159.0 35 24 75 ---
June 128.7 287.7 33 24 81 -----

July 236.7 524.4 32 23 84 -----

August 307.5 83l.9 31 23 85 ----

September 152.2 984.1 32 23 85 -----

October 105.6 1089.7 33 23 81 -----

Novcmbcr 12.3 1102.0 35 19 67 -----

December 0.0 1102.0 35 17 69 ----

Sources: - Nigerian Meteorological Services: Lagos 
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C.t-1 MAlIC. DIf,A . 
k1 tNNA 

- ~'5 
1996 , .-

Month Rain fall Cumulative MaxoC MinoC R1H% Sunshine 

Total (mm) Total (mm) Temp Temp brs/total 

January 0.0 0.0 35 15 50 ----

February 18.9 18.9 37 21 40 ----

March 0.0 18.9 38 24 69 -----

April 12.6 31.5 39 25 69 ----

May 2.0 33 .5 33 24 75 ----

June 190.7 224.2 30 23 81 -----

July 201.8 426.0 29 23 84 -----

August 326.1 752.1 31 13 85 ----

September 170.5 922.6 31 22 85 ---
October 41.3 963 .9 33 18 81 ----

November 0.0 963.9 36 19 67 -----

December 0.0 963.9 34 17 69 -----

Sources: - Nigerian Meteorological Services: Lagos 

. 
, 

. 

. 



CL-11Y11-1rtc Dt-t["A 

Nt tNNA 

.-
f - 3>'~ 

·1997 

Month Rain fall Total Cumulative MaxoC MinoC RlH% Sunshine 

(mm) Total (mm) Temp Temp hrs/total 

Janu!lry n.n 0.0 34 16 32 -----

February 0.0 0.0 38 19 69 -----

March 64.9 64.9 37 24 72 ----

April 53.9 118.8 33 23 84 -----

May 129.3 248.1 32 23 81 ----

June 279.2 527.3 31 21 97 -----

July 219.0 746.3 22 24 81 -----

August 227.2 973 .5 32 23 77 -----

September 145.7 1119.2 29 22 86 ---_ .. 

October 135.4 1254.6 35 23 81 ---_ .. 

November 7.2 1261.8 36 20 66 -----
December 0.0 1261.8 35 17 54 -----

Sources. - Nigenan MeteorologIcal ServIces: Lagos 



Month Rain fall 

Total (mm) 

January 0.0 

February 0.0 

March 0.0 

April 67.1 

May 213 .2 

June 75.5 

July 239.7 

August 145.5 

September 153.7 

October 103.0 

November 0.0 

December 0.0 

C. I- (M A-tL c. DIf r A 
k1 11'-4 NA 

1998 

Cumulative MaxoC MinoC 

Total (mm) Temp Temp 

0.0 40 24 

0.0 39 24 

0.0 41 27 

67.1 34 24 

270.3 34 27 

345.8 32 24 

585.5 27 24 

631.0 28 24 

784.7 31 23 

887.7 34 24 

887.7 36 17 

887.7 35 16 

Sources. - NigerIan Meteorological Services: Lagos 

RlH% Sunshine 

hrs/totaJ 

65 -----

29 -----

58 -----

82 -----

85 
I : ---

77 -----

88 -----

86 -----

84 -----

77 -----

73 --_ .. -

62 ..... 



Month Rain fall 

Total (mm) 

January 0.0 

February 2.8 

March 0.8 

April 112.1 

May 135.5 

June 196.8 , 

July 264.1 

August 194.5 

September 153 .7 

October 98.0 

November 0.0 

December 

c.1- IIVIA Ire DIl- fA . 

(VlINNA· 

1999 

Cumulative Max(JC MinoC 

Total (mm) Temp Temp 

0.0 35 17 

2.80 37 20 

3.6 58 25 

l1S.7 37 24 

251.1 34 23 

447.9 32 23 

712.0 31 23 

906.5 30 23 

1060.2 31 23 

1158.2 33 23 

1158.2 35 21 

Sources. - Nlgenan Meteorological Services: Lagos 

RIB % Sunshine 

hrs/total 

54 -_ ... --

57 ----

68 ---
70 -----

79 -----

85 -----

87 -----

86 -----

86 ----

85 -----

72 ----



,-
I - 1, -'1 

Daily Reading for 

Month of Sept. 1999 

Ruin. Max. Min 

Mm Temp Teml)· 

DC DC 

1 5.3 30 23 

2 9.2 30 23 

3 , 0.0 32 22 
" 

4 0.0 31 24 

5 31.4 31 24 

6 18.8 29 21 

7 0.0 28 21 

8 0.0 31 23 

9 1.5 30 25 

1Q 2.5 32 24 

11 0.0 30 24 

12 10.6 32 24 

13 16.0 31 22 

14 0.0 32 23 

15 0.0 32 23 

16 17.1 26 24 

17 1.1 31 21 

18 0.0 33 21 , 

19 5.2 30 24 

20 0.0 31 23 

11 0.1 32 23 
I 

22 0.0 31 24 

23 0.0 32 24 

cL I 1\11 A T.C. DA,A 
f\/f /NJ\JA 

Daily readings for 

Month of Oct. 1999 

RlH Rain. Max. Min 

0/0 Mm Temp Temp. 

DC DC 

83 1 0.0 31 22 

91 2 0.0 33 24 

90 3 0.0 32 24 

82 4 17.1 33 33 

80 5 0.0 31 22 

86 6 0.0 32 23 

88 7 11.2 32 24 

89 8 0.0 27 21 

84 9 23.5 32 22 

74 10 0.7 32 22 

82 11 0.0 32 23 

88 12 8.8 33 23 

91 13 21.9 32 23 

88 14 0.7 30 23 

82 15 2.5 30 23 

85 16 0.4 31 23 

96 17 3.8 33 22 

90 18 2.4 33 22 

85 19 6.0 32 23 

82 20 0.0 34 23 

90 21 0.0 35 23 

80 22 5.0 35 25 

81 23 0.0 32 24 

RIB 

% 

89 

82 

84 

77 

92 

83 

77 

95 

90 

90 

89 

81 

86 

95 

93 

92 

81 

84 

81 

81 

85 

92 

86 



24 5.3 31 22 84 24 0.0 32 23 84 

25 0.0 31 21 89 25 0.0 34 24 85 

26 0.0 31 24 84 26 0.0 34 24 82 

27 8.0 31 24 86 27 27 34 24 80 

28 3.8 26 22 97 28 0 .0 34 24 79 

29 4.7 31 21 86 29 0.0 33 25 78 , 

30 6.1 32 23 86 30 0.0 34 24 78 . 
3.1 0.0 34 23 89 

Sources: Nlgenan Meteorological Services - Lagos 



........ _----
DA,A .- . I .- 3·10 

Daily Reading for Daily readings for 

Month of Nov. 1999 Month of Dec. 1999 

R:lin. MliX. Min RID Rain. Max. Min RIH 

Mm Tcmp Tcm,). % Mm Temp Temp. % 

°c °c °c °c 
, 

1 0.0 33 24 82 1 0.0 35 22 

2 0.0 35 24 77 2 0.0 36 18 

3 0.0 36 25 82 3 0.0 36 14 

4 0.0 34 24 80 4 0.0 34 15 

5 0.0 33 20 88 5 0.0 36 15 

6 0.0 33 20 77 6 0.0 35 16 

7 0.0 34 19 64 7 0.0 36 15 

8 0.0 36 21 60 8 . 0.0 

9 n.n 36 22 65 9 0.0 

10 0.0 36 23 75 10 0.0 

11 0.0 36 22 78 11 

12 0.0 35 18 73 12 

13 0.0 36 17 61 13 

14 0.0 36 20 60 14 

15 0.0 36 20 67 15 
. 

16" 0.0 35 21 74 16 

17 0.0 36 22 76 17 

18 n.o 34 18 75 18 

19 0.0 35 19 63 19 

20 0.0 36 20 74 20 

~, 0.0 36 19 69 21 

22 0.0 35 17 77 22 
. 

23 0.0 37 19 74 23 



24 0.0 35 20 66 24 

25 0.0 36 22 71 25 

26 0.0 37 21 76 26 

27 0.0 34 22 64 27 

28 0.0 33 23 71 28 

29 0.0 34 22 64 29 

30 0.0 35 22 74 30 

3.1 

Sources: NIgerian MeteorologIcal ServIces - Lagos 



3.2 SOIL INFILTRATION RATE 

Plots for the experiments were leveled by removing grasses and debries ! 

just at the surface. Care was taken so that the surfacestnlcture of the plot is not 

destroyed. 

, The double ring infiltrometer was placed on the selected plot. 

First, the ilmer ring is placed on the soil. The ring is then inserted into the 

soil by placing a plank across the ring and tapped gently until the ring has the 

gone into the soil within a depth of] OO-lSOmm in-order to prevent seepage. 

The hmer ring has a ruler attached to the hmer side. This allows for the 

reading of the water level as infiltration progresses. 

For the ·loose soil, the ilmer ring is installed at a depth 30mm to ayoid 
. 
water seepage. 

After the installation of the inner ring, the out ring was also installed in 

the same manner to a depth of lS0mm. During the installation of the outer ring,' 

care was taken to centralize the distance between the two rings. 

The depth is re-checked with a ruler to ensure a perfect level before 

commencing the experiment fully . 

The distance between the two rings is also measured with a nller as well. 

A dnun of water was placed close to the experimental site for constant 

water use. 

A small quantity of grass is placed in inner and outer ring of the 

infittrometer to avoid pudding or splashing on soil when pouring water in the 

rings. Water was measured with a four titers capacity cane and the watch was set 

at zero reaching. After the infiltrometer was put in place, water was purored 

into the inner ring and simultaneously the watch was started. 

25 
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The inner ring was filled up to a level of 22cm reading on the ruler in the 

inner cylinder. This implies that 22cm on the ruler is used as the reference point, 

when the imler ring has been filled up to .the reference point, the outer ring was 

also filled up to the reference point. The water in the inner ring was maintained 

in the outer ring. 

In plot I, the reading were taken every lmin, or 2mins because of the high 

infiltration rate of the loose soil. Water percolation was very high at the initial 

point of the experiment. 

For other plots reaching were taken every 5minutes or IOmins depending 

on the nature of the soil. 

The readings vary ' depending on t~le type of soils and moisture content of 

the soil. 

After every reference time expires, a reaching is taken and the rings are 

filled back to the reference water level taking congnisatice of the inner ring. 

The experiment continues for sometimes lU1til when a constant reading! 

value is obtained for about 3 to 5 times for every experiment, infiltration rate 

reading was not less than an hour but not more than 2 hours 30mins 

After every experiment, the rings were removed and taken to another plot. 

. The data obtained are shown in table (3:2)) 

3.3 HYDRAULIC CONDUCTIVITY 

Core samples were used to excavate soil sample in an air distributed fonn 

from the field to the laboratory once moisture cans were used to collect satnple 

for moisture content detennination at different depths. Retort stands and 

measuring beakers were also used for the hydraulic conductivity experiment set 

IIp. Core sample are colmnn pipes open at both ends of diameter 7.0m and 
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height 7.5cm, they are used because they allow on dimensional flow according 

to Darcy's experiments. 

3.4 . TOPOGRAPHV 

The study area covered area of 24.77 .85sq m with contour interval of 

1.0m The contolU'S from the Topographic mapping are scattered that shows that 

the area is level, but if the conform are closed, this shows that there is need for 

leveling exercise. 

The area of the land is not regular. The area used for growing crops is flat 
I 

but some areas are slops. Drains are provided at the edger of the land for 

·conveyance of excess water. 

It is also an area with gentle slope, an area with gentle slope, this helps in 

the good drainage of the rice fi1ed. 

Fig 3:5: I shows the Topographic mapping of the study area. 

3.5.0 SOIL DESCRIPTION AND SOIL SAMPLING. 

Soil of Minna association has been described as Alfisols derived from 

basement complex rocks (Anon, 1990). They range from shallow to very deep 

' soils overlying deeply weathered gneisses and migmatites. Some are under lain 

by iron pan at varying depth. They are strong brown to red sandy clay or clay 

with often gravely loamy sand or sand surface layer. 

Surface (0-20cm) soil sample was collected fonn the fann and was air 

dried and passed through a 2mm sieve. A sub sample of the soil was subjected to 

routine soil ana~ysis using the procedure by Juo (1979). Soil particle size was 

determining by the hydrometer method, while PH was detennined in 1:2 soil 

water suspension and in O.Olm cacl2 organic carbon content by walk leg Black 

method and the exchangeable acidity (H+ and Al3+) was det~rl11i l1rr k " 11", 
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titration method, the exchangeabJe cautions was estimated by the Ammmoium 

Acetate (NIL.OAc) digestion method, while the total nitrogen was estimated 

using the micro jeldahl procedure and the available phosphonls by Bray 1 

method. Results of the soil analysis are shown in Table 1. 

TABLE 1: Some physical and chemical characteristics of the soil of the 

experimental site: 

Parameters 

Sand (%) 

Silt (%) 

Clay (%) 

Textural class 

Soil pH (H20) 1:2 

pH (O.OIm Ca CL2) 1.2 

Organic Carbon (%) 

Organic matter (%) 

Available P (ppm) Bray I 

Total N (%) 

Exchangeable cations 

Ca2+ 

M 2+ g . 
. K2+ 

Na+ 

Exchange acidity 

Al3+ H+ 

CEC 

2R 

Values. 

80.08% 

17.28% 

2.64(%) 

Loamy sand 

6.44 

5.90 · 

0.027 

0.046 

30.96 

0.08 

(Meq/l OOg soil) 

5 .25MeqCa 2+ /l OOg soil. 

9.28Meq/Mg2+/lOOg soil. 

0.23Meqk +/IOOg soil. 

0.30. MeqNa+/lOOg soil 

6.53 Meq/lOOg soil. 

15 .09Meq/l OOg soil. 



Those containers were clearly' labeled to distinguish the sample depth and 

loca!ion. The container containing the soil after weighing them were placed in 

the over for 24hours at the temperature of ] 050C, ·After 2411,fs, the oven is 

switched off and opened for the cans to cool a little before it is being reweighed 

at room temperature and recorded. The bulk density and porosity are then 

calculated. (Table 4: I) 

3.5.1 SOIL TEXTURE 

This test is designed to separate soil into its three basic mineral fractions: 

sand, silt clay particles the amount of time required for the soil particles of 

various sizes to settle in the soil separation tube fonn the basis for this test. It is 

them possible from the amount material collected in each tube to detennine the 

approximate percentage of each. Fraction as represented in the original soil 

sample. 

The procedure for preparation of the soil sample for testing or analysis is 

described below: 

"The separation tubes should be marked for identification is the following 

manner: mark the first sedimentation tube "A" the second 'B' and the third "e" 

PROCEDURE 

1. . Place the three soil separation tubes ill the rack provided for this 

purpose. 

2. Add the soil sample to separate tube "A" until it is even with line IS. 

Note: Gently tap the bottom of the tube on a firm surface to pack the 

soil and eliminate air spaces. 

3. Using the pipe provided add IML of "Texture Dispersing Read end 

(5044) to the sample in soil separation tube A 
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4. Then add tap water to line 45 . 

5. Cap soil separation tube "A and gently shake for two minutes, making 

sure all the soil sample is thoroughly mixed with water. 

6. Remove the cap and place soil separation tube "A" in the rack and 

allow to stand undisturbed for 30 seconds. 

The sample is now ready for separation. The separation is accomplished 

by allowing a predetennined time for each fraction to settle out of the solution 

be sure that you continue to gently shake the separation tube up to the time of 

the first separation. 

7. After 30 seconds has elapsed, carefully pour off all the solution into 

soil separation tube "B" to stand undisturbed for 30minutes. Return 

tube "A" to the rack. 

8. Upon standing 30 minutes the remaining solution in soil separation 

tube "B" is carefully poured into soil separation tube "C" . Retunl 

Tube '.'B" to the rack. 

9. Add 1ml of soil Flocculation Reagent (5643) to soil separation Tube 

"C" cap and gently shake for owe minute. 

1 O. Place the soil separation Tube "e" in the rack and allow to stand until 

all the clay in suspension settles. This may require up to 24how·s. 

Note: Unless there is further use of the clay sample for air drying and 

study as described later, it is not necessary to wait for the suspension to settle. 

Due to the colloidal nature of clay in solution and there is tendency to 

swell and fonn a gel , the portion of clay remaining in tube "C" is not used to 

detennine the clay fi-action present in the soil . The clay· fraction is calculated by 

adding the sand and silt fraction and subtracting the total from the initial and 

subtracting this total from the initial volume of soil used for the separation. 
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3.6.~ INSTALLATION OF PIPES: -

Materials used are pegs, cutlass, dumpy level, ranging pole and a staff. A 

cutlass was used to clear the points of pipe installation, a head driven anger of 

length l.Sm and shovel diameter of Scm was used to drill the holes or to 1m 

depth. IS0cm, since lOOcm below ground surface is the depth of interest. They 

are radically perforated at 2cm apart across the depth of the pipe to allow 

sufficient and effective in flow of ground water into the pipe to assume its 

. original fonn and level (fig. 3.3) 

3.6.1 EXPERI1\1ENT AL LAYOUT. 

The grid system in survey method squares was used, established points 

were marked out along he experiment area in order to centralize the positioning 

of the piezometer pipe along the edges if the area. 

The first three pipes were installed at distant of 20metres apart. The 

second three were also installed at 20metres apart, while the last set were 

.' installed at 20metres along the edges of the area. 

3.6.2 PIEZOMETER INSTALLATION 

Hand driven allger of length l.Sm and screw diaineter of S.cm was to drill 

out holes or wells at the specified location. The pipe were buried with their 

perforated end below the ground surface. At the neck of the pipe on the ground 

surface the clearance between the hole or well and the pipe was sealed up using 

concrete mix to disallow the vertical flow of water into the well, by run . off or 

precipitation (fig. 3.6 ) 
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3.6.3 INVESTIGAION METHODS 

This pipe was installed on the 3rd August 2000. and the readings w~re 

taken subsequently at interval of 2days . A straight long wooden plank nlled on 

the edge along the length with chalk was inserted in the installed pipe and 

a]]owed to slay for some time so that the water in the pipe dissolve the chalk 

rulings to its standard met rule and read as height of water in the hole or well. 

TI~is is subtracted from lOOcm to the actual reaching that is level of water 

beneath ground surface (Fig: 3.6.3) . 

. 3.7.0 DETERMINATION OF SOIL PROPERTIES. 

3.7.1 lVIOISTURE CONTENT 

Soil sample were collected with a soil anger. The sample were taken from 

the soil desired depth of (0-20)cm, (20-40)cl1l and (60-80) cm for each soil type. 

They were collected in air tight aluminum container and pre'-treatment. The 

laboratory or office for pres treatment. The pretreatment involved air-drying for 

2-3 days after which they were grinded with a porcelain mortar and pestle and 
. 
sieved using a: 2nun- mesh soil sieve . 

These containers were Cleary labeled to distinguish the sample depth and 

location. The container containing the soil after weighing them were placed in 

the over for 24hours at the temper nature of 10Soe After 24hr, the oven is 

switched off and opened for the cans to cool a little before it is Bering 

reweighed at room temperature and recorded. The bulk density and porosity are 

then calculated. (Table 4 : ]~ 



CHAPTER FOUR 

4.0 RESUL TS AND DISC.USSIONS 

4.1 DISCUSSIONS OF RESULtS. 

The results showed that the infiltration rate is higher ii1 tiUed sdil the 110n"' 

tilled sailor compacted tractor ttactor soils. TIns as attribtlted to . the loss mUutal 

of the tilled soil and void spaces been created, the t1l1disturbed nature of soil 

strength in compacted soil . 

This will affect the water that will infiltrate il1to the soil ~t a given . tune. 

The rate of run-off will be high in soil of low i11filtl'atioll a11d hence prop.er 

drainage is needed to curtail water hogging problem. 

The graphs of accumulated water intake and , watet intake fOf the f6tlf 

plots are shows is (figure 4.1 - 4.4). From this gtaph it is obsetved that the 

scattered point is due to the difference is bulk density, porosity and inoisture. 

The values of the graphs for the tilled soil is higher than that of non .. tilled . 

and compacted soil. 

The results obtained for the soil l110istui'e content analysis was pn~sel1ted 

in table 4: 1 

The result obtained form sieve analysis was presented ill table 4.1.1 

4.2.1 PHYSICAL PROPERTIES 

From the results obtained as in Table 4.2 the first plot cOl1tains cl~y 

(26.7%) silt (23.3%), sand (50%) when measured 011 the textural triangle it was 
, 

discovered that the sample fits into: - sandy clay loam (SeL), Safidy.l0atn, SL, 

sandy loam (SL), and sandy clay loam (SCL). For (Plot 2 and 3) (See table 4.2) . 

The fourth plot also contains: - clay (11.80/0), silt (8.70/0) and sand 

(78 .5%). Also contains loam sandy (LS), sandy loam (SL) and sandy loam (st). 
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·TABLE 4.2: U.ESULT OF PARTICLE SIZE ANALYSIS AT 

FEDERAL UNIVERSITY EXPERINMENT FARMLAND, 

MINNA. 
i 

Plot Sample Soil Depth (em) % Clay % Silt % Sand Textural Class . 
Plot 1 0-20 26.7 23.3 50.0 SeL 

20 -40 12.0 14.7 73 .3 SL 

40 - 60 IS.0 10.0 72.0 SL 

60 - SO 26.0 17.3 56.7 SeL 

Plot 2 0-20 15.4 21.3 6.33 SL 

20 -40 14.7 20.0 65.3 SL 

40 -60 12.0 12.7 75.3 SL 

60 - SO 12.7 17.3 70.0 SL 

Plot 3 0-20 lS.7 2S.0 53.3 SL 

20 -40 24.0 4.7 71.3 SL 

40 -60 10.6 2.7 86.7 LS 

60 - 80 10.7 6.0 83.3 LS 

Plot 4 0-20 11 .8 9.7 78.5 LS 

20 -40 17.2 15.9 66.9 SL 

40 -60 10.4 21.3 68.3 SL 

60 - SO 14.8 12.9 72.3 SL 
I 

SL = sandy Loam, LS = Loamy Sand, SCL = Sandy clay Loam 

. 
, 

. 
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APPENDIX (D) 

TABLE (2) 

MONTH RAINFALL ET" SURPLUS DEFICIT. -
JAN: 99 0,0 201 .5 

I - 201.5 
FEB: 99 2 . ~ I R1 .7 - 179.9 
MAR: 99 0.8 195.3 - 194.'5 
APR: 99 112.1 179.8 - 67 .7 
MAY: 99 135 .5 136.4 - 0.9 
JUNE: 99 196.8 108.5 88.3 -
JULY: 99 264.1 105.4 158.7 
AUG: 99 194.5 86 .8 
SEPT: 99 153 .7 89 .9 

, 107.7 . -
, ()] .8 ,-
I 

OCT: 99 98 .0 117 .8 
NOV: 99 0.0 189.1 

I _ -
I 

19.8 -
DEC: 99 0.0 192 .2 - 189.1 

192 .2 

1158.3 1785.4 -t 18.6 1045.6 _. --

To compute the soil moisture balance or the study arl:a , we use Table I & 2 1'01' the 
equation below: -
Inflow: outflow: 
Rain + Irr + Gw = Runoff + Drainage + Er + soil moisture 
= R + Irr + Gw = RUlloff + Drainage + El + soil moi sture content 
Where: 

R= 1158.3 
Irr = 1045 .6 
Gw=O 
R-off= 0 
ET = 1,785.4 
Drainage = 4128.6 

: - R + irr = Drainage + Er + soil moisture contellt (less Gw & Runoflj 
= 1158.3 + 1045.6 = 4186 + 1,785 .4 + so il Illoisture content 
: - 2203 .9 = 2204 + soil moisture content. 
: - Soil inoisture = 2204 - 2203 .9 =0 
Soil moisture content = 0 

. This means, the soil moisture cOlltent or the stlH.h' ;\1'(::1 is bahll1cecl . 

.. - .. ~." 



TENSIOMEtER READINGS OF TilE STUDY AREA 
FOR THE THREE MONTHS (.JUNE-AUG: 2000). 

-_ .. _------_.- - ~ ----

DATE DEPTH PLOT ; 

(CM) (1\1 I 

III 9/6/2000 15 13 

I 
12/612000 " 14 
16/612000 " 7 I II 
19/6/2000 " II ' X 

" 12 
23/6/2000 " X l) 

26/6/2000 " 11 II 
30/612000 " 14 I:' 

317/2000 " 11 IX 
71712000 " 8 II 
101712000 " II 12 
1417/2000 30 I) 10 

60 7 X 
1717/2000 70 7 I ~ () 6 7 
2117/2000 (, t) 

4 (1 

24/7/2000 X 7 
() (, 

281712000 X II 
7 t) 

3117/2000 X 10 
7 X 

I 

4/812000 7 -t 
4 -t 

7/812000 8 7 
6 () 

11/8/2000 7 :' 
6 :' 

1418/2000 4 ..j 

2 ~ , 
18/8/2000 4 ..j 

~ I ·1 
21/8/2000 ... 

i ~ 3 

APENDIX(E) 

PLOT PLOT 
(8) . (C) 

9=:WMINS 
10 = 45 MINS 
I) 

1 
7 

3 
7 
10 

R 
:' -
7 
8 
(, 

X 
X 
4 
~ 

7 
.() 

8 .' 

6 
7 
5 

... 
2 
6 
:' 
5 
... 
3 
'" .' 
'" , 
~ , 
~ , 
3 



tfpp~,,r (F) 
OTENTIAL EVAPORATION DETERMINATION BLANY MORIN 

NIGERIA (1984) METHOD: 

Etp = Ir( 0.45 T + 8) (520 - R~ 

100 

;re Etp = Potential evapotranspiration mm/day 

Rr = Ratio of maximum possible radiation to the annual maximum. 

r = Summation of the daily mean of relative humidity over a month and divided by 

the number of day in that month. 

Inflow = Outflow 

'11Iation: Rain + Irr + Gw = R off + Draining + Et + Soil moisture 

study area Data collected: 

Rr= 143 

1858 

. T=35.5 

R=25 

lerefore, Etv = 0.0769 (23 .975) 452.2 

100 

Etp = 8.34mm/day 
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:~~ . ~ . 
-",,_. 
-. ~. 'Table 4" • l't)..l«)ISTURE CONTENT, BULK DENSITY, AVAILABLE MOISTURE HOLDING CAPACITY 

#~> Depth WT of WT of Moist Wet Dry . Porosit 
(em) wet dry .' cont (%) bulk bulk y (%) 
. soil (9) sC?il (9) ( (2-:_. Density dens.ity "1- (6/J) 

. 3/3)x (9/em3) (~/em3) 
100) 

1 2 3 4 5 6 7 

0~20 351.38 300 .• 20 17.05 2.25. 1.89 16.0.0 ': 

20-40 320.79 288.14 11.33 2.02 . . 1082 9.90 . 

40-60 322.85" : 290':88 · ·10.99 ·2.04 1'.'83 · 10.29 

60-80 341.03 302.92 12 . 58 2. 1 5 1. 91 11.16 ' 
/ 

. ·0-20 330.40 283.14 16.69 2.08 1. 79 1 ~ q.1 -- - . - . 
20-40 352.33 308.20 14.32 2.22 1.94· 12.61 

. 
40-60 321. 74 292.12 10.14 2.03 1.84 9.06 

60-80 334.25 329.14 12.12 . 2.11 ·1.88 10.90 

0-20 339.49 297.82 13.99 2.14 1.88 12.15 

20-40 337.05 299.92 12.38 2.13 1.89 11.27 

40-60 323.06 286.40 12.80 2.04 1.81 11.27 

60-80 332.41 290.87 14.28 2.10 1.83 12.86 

Volume of core sample = VT = nd2L/4 = (n(5.8) 2 x 6 )/4 
N.B. Volume of core sample = 158.52cm3 

. w- ." -_.-. iii!iIi ------ Z " - '755-= I~tr ,'. ~--,."""",__ qy cr.a.--"- ~ _ 

Availab availab 
Ie Ie 
'holding moist 
capacit holding 
y capacit 
(em/m) y in 
4 x 6 root .. 

zone 
8 " 9 

32.22 ' . 

20.62 

20.11 

24.03 

196 .98 

29.8B 

26.78 

18.66 

22.78 

98.10 

26.30 

23.89 

23.17 

26.14 
99.00 

-~-.... ..,... .. ,-.. 

' Sampl 
e ' 
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Al 
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Cl 
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APENDIX (C) 
DETERMINATION OF EVAPOTRANSPIR·\TION (ET) 
AND 
SOIL J\lIOISTURE IlALANCI'., OF Til E STUD" AREA 
TAIlLE (I) 

MONTH RA1NFALL 

JAN: 99 0.0 
FEB: 99 2.8 
MAR: 99 0.8 
APR: 99 112.1 
MAY: 99 135.5 
JUNE: 99 196.8 
JULY: 99 264 .1 
AUG: 99 194.5 
SEPT: 99 153 .7 
OCT: 99 98.0 
NOV: 99 .0 .0 
DEC: 99 0.0 

N01£8 :---- -

_._--
) -'1: f~ A N S P 1 R /\ '1'1 0 rl{-lJN~O I: FIR RIG A T ION S EV!\P( 

N (SURPLUS) (DEFICIT) ' 
(ET) __ 

- .. - --.---------+-------1 
6.5 x 3 
6.5 x 2 
6.3 x 3 
5.8 x 3 
4.4 x 3 
3.5 x 3 
3.4 x 3 
2.8 x 3 
2.9 x 3 
3.8 x 3 
6.1 x 3 
6.2 x 3 

1 = 201 .5 
9 = 182 .7 
1 = 179.8 
0 = 179.8 
0 = 136.4 
I = 108 .5 
\ = 105.4 
1 = 86 .8 
1 = 89 .9 
1 = 117 .8 
0 = \89 .1 

+ 106.3 
+ 131 .1 
+ 193 .3 
+ 260 .7 
+ 191 .7 
+ 150 .8 
+ 94 .2 

- 6.5 
3.7 

- 5.5 

- 6.1 
1 = 192 .2 - G.:z,. 

------- --.- ._._. __ .. _______ ---L ___ ~----' 

ti, R-~~F-I4-f.1.:: 1'l'tCf R~~ ~~. ~ @& ~~ 

~iJ 6vA-p-o) ~~A-~I tW £-0 =-~~~-~ -~ @IYJ'~ 
111~d ~ C~ ~ ':Lu. 
~et.A- (1 k U · 

• 

~ " ) I R R., c, A--;-~ ""-'"'" ~ -f, w bt....., ~ ~I f!, 6. , 



·t~4" 
DATA ANALYSIS OF THE INFILITRATION TEST TAKEN AT THE 

FUT F~ PLOT BOSSO CAMPUS 

MINNA. PLOT 1 

TJME INITIAL FINAL WATER ACCUMMULATED INFILTRATION INFlL TRA TION 

(MIN) READING READING INTAKE H20 INTAKE (CM) RATECMIHR. 

(CM) (CM) (CM) (CM) 

0 - - - - - -
1 6.0 10.9 4.9 4.9 4.9 294 

2 10.9 14.3 3.4 8.3 4.15 124.5 

3 2.7 7.3 4.6 12.9 4.3 86 

5 7.3 15.3 8.0 20.9 4.18 50.16 
10 15 .3 23 .1 7.8 28 .7 2.87 17.22 
15 2.0 14.8 12.8 41.5 2.76 11 .04 
20 1.8 15 .2 13.4 54.9 2.57 8.25 . 

25 0.5 15.4 14.9 69.8 2.79 6.70 
30 3.0 17.1 14.1 83 :9 2.79 5.58 
35 2.1 17.5 15.4 99.3 2.84 4.86 
40 6.3 17.8 11.5 110.8 2.77 4.15 
45 2.2 17.7 15 ~ 5 126.3 2.81 3.74 
50 2.1 17.6 15 .5 14l.8 2.84 3.41 
55 1.0 ] 6.8 15.8 ] 57 .6 2.86 3.12 
60 1.5 15 .7 14.2 171.8 2.86 2.86 
65 1.8 16.8 14.2 186.0 2.86 2.64 I 

70 1.5 14.2 14.3 200.3 2.86 2.45 
75 1.3 14.2 12.9 213 .2 2.84 2.27 
80 0.8 14.5 13 .7 226.9 2.84 2.13 
85 1.3 14.9 13 .6 240.5 2.83 1.99 
90 1.9 13 .8 11.9 252.4 2.80 1.86 
95 0.5 12.8 12.3 264.7 2.78 1.75 
100 2 .3 13 .0 12.3 277 .0 2.77 1.66 
]05 0.7 0.7 13.0 290.0 2,76 1.57 
110 0.7 1 1.3 10.6 300.6 2.73 1.48 
lIS 1.2 12.8 11.6 312.2 2.71 1.41 
120 2. 1 17.5 15 .5 327.7 2.73 1.36 

34 



0:: 
I --~ 
() 200 
w 

~ 
0:: 
Z 
0 
~ « 
0:: 150 I-
...J 
u::: 
Z 

o 

DATA ANALYSIS OF THE INFILITRATIONS TEST TAKEN AT THE FUT FARM 
PLOT BOSSO CAMPUS 

PLOT 1 

20 40 60 80 100 120 

TIME 

140 



~t4.' 2 . 
DATA ANAJ¥SIS OF THE INFILTRATION TEST TAKEN AT THE FUT 
BOSSO CAMPUS FARM PLOTS 
MINNAPLOT2 

TIME INITIAL FINAl , WATER COMMULATlVE INFILITRATION INFll..TRATI 

(MIN) READING READING WTAKE IhO INTAKE (CM) ON RATE 

(eM) (CM) (CM) CM/HR 

0 - - - - - -
1 4.7 5.6 1.8 1.8 1.80 108 

2 6.5 7.8 1.3 3.1 1.55 46.50 

3 7.8 8.9 1.1 4.2 1.40 28.00 

5 8.9 10.7 1.8 6.0 2.20 14.40 

10 1.0 6.2 5.2 11.2 1.12 6.72 

15 6.2 8.7 2.5 13 .7 0.91 3.64. 
20 8.7 11.5 2.5 16.2 0.81 2.43 

25 1.2 5.2 4.0 20.2 0.80 1.94 

30 5.2 8.0 2.8 23 .0 0.77 1.54 
35 8.0 9.8 1.8 24.8 0.71 1.22 
40 9.8 .12.8 3.0 27.8 0.69 1.04 
45 5.7 8.4 2.7 30.5 0.67 0.89 
50 8.4 10.3 1.9 32.4 0.65 0.78 
55 10.3 11.9 1.6 34.0 0.62 0.68 
60 11. 9 13 .3 1.4 35.4 0.59 0.59 
65 8.3 10.6 2.3 37.7 0.58 0.53 
70 1.0 4.1 3.1 40.8 0.58 0.50 
75 4.1 6.9 2.8 . 43 .6 0.57 0.46 
80 6.9 8.7 1.8 45.4 0.57 0.43 
85 8.7 10.8 2.1 475 0.56 0.40 
90 1.4 4.6 3.2 50.7 0.56 0.37 
95 4.6 6.8 2.2 52.9 0.56 0.35 
100 6.8 9.5 2.7 55.6 0.56 0.34 
105 9.5 10.6 1.1 56.7 0.56 0.31 
110 10.6 12.3 1.7 58.4 0.54 0.29 

115 2.4 5.2 2.8 61.2 0.53 0.28 / 
120 5.2 7.8 2.6 63 .8 0.53 0.27 

35 
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DATA ANALYSIS OF THE INFILITRATIONS TEST TAKEN AT THE FUT FARM 
PLOT BOSSO CAMPUS FARM PLOTS, MINNA PLOT2 

20 40 60 80 100 120 
TIME 

140 



.~~ 4, tt 3 
DATA ANAJvSIS OF THE INFILTRATION TEST TAKEN AT THE FUT 
BOSSO CAMPUS FARM PLOTS 
MINNA PLOT 3 

TIME INITIAL FlNAL WATER COMMULATIVE INFILITRATION INFILTRATION 

(MIN) READING READING WTAKE "10 INTAKE (CM) RATE 

(CM) (CM) (CM} CM)/HR. 

0 - - - - - -
1 4.9 8.5 3.6 6.3 3.6 216 

2 8.5 11. 3 2.8 6.4 · 3.2 96 

3 11.3 13 .3 2.0 8.0 2.67 53.4 

5 0.3 7.9 7.6 15 .6 3'.12 37.44 

10 7.9 14.9 7.0 22 .6 2.26 13 .56 

15 3.0 12.9 9.9 32.5 2.17 8.68 , 

20 2.2 12.9 10.7 43 .2 2.16 6.48 

25 1.4 12.4 10.0 54.2 2.17 5.21 

30 1.2 11.5 10.3 64 .5 2.15 4.30 

35 0.9 10.0 9.10 73 .6 2.10 3.60 

40 0.8 9.3 8.5 83 .1 2.05 3.08 

45 0.5 8.8 8.3 90.4 2.01 2.68 
50 0.5 9.1 8.6 99.0 1.98 2.38 
55 9.1 13 .1 4.0 103.0 1.87 2.04 
60 1.0 9.0 8.0 11l.0 1.85 1.85 , 
65 9.0 13 .2 4.2 115.2 1.77 l.63 

, 

70 0.0 7.3 7.3 122.5 1.75 1.50 
75 7.3 11.9 4.6 127.1 1.69 1.35 
80 1.6 7.7 6.1 133.2 1.665 1.25 
85 7.7 11.8 4.1 137.3 1.61 1.14 
90 1.7 8.0 6.3 143 .6 1.6 1.07 
95 8.0 12.8 4.8 143.4 156 0.98 
100 1.3 5.7 4.4 152.8 1-.53 0.92 

" 
105 5.7 10.8 5.1 157.9 1.50 0.86 
110 0.3 6.0 5.7 163 .6 1.49 0.81 
115 6.0 10.5 4.2 167.8 1.46 0.76 
120 1.5 7.6 6.1 173 .9 1.45 0.73 
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DATA ANALYSIS OF THE INFILITRATIONS TEST TAKEN AT THE FUT FARM 
PLOT BOSSO CAMPUS FARM PLOTS, MINNA PLOT3 

20 40 60 80 100 120 

TIME 

140 



~~ 4-: 4- . . 
DATA ANAYSIS OF THE INFILTRATION TEST TAKEN AT THE FUT 
BOSSO CAMPUS F ARl\1 PLOTS 
1\1INNA PLOTtf 

TIME INITIAL FINAL WATER COMMULATlVE INFILlTRATION INFILTRATION 

(MIN) READING READ.lNG WTAKE IIzO INTAKE (CM) RATE 

(CM) (CM) (CM) eM/UR 

0 - - - - - -
1 4.4 5.7 1.3 1.3 1.3 78 

2 5.7 6.8 1.1 2.4 1.2 36 

3 6.8 7.7 0.9 3.3 1.1 22 

5 7.7 9.0 8.3 11.6 1.320 27.84 

10 0.8 6.0 5.2 16.8 1.680 10.08 

15 6.0 7.2 1.2 18.0 1.200 4.800 

20 7.2 8.9 1.7 19.7 0.985 , 2.955 

25 8.9 9.9 l.0 20.7 0.828 1.987 

30 9.9 11.0 1.1 21.8 0.726 1.452 
35 1.9 5.1 3.2 53.8 1.537 2.635 
40 5.1 6. J 1.0 54 .8 1.370 2.055 
45 6.1 7.5 1.4 56 .2 1.248 1.664 
50 7.5 8.3 0.8 57.0 1.140 1.368 
55 8.3 9.2 0.9 57.9 1.052 1.147 
60 9.2 10.3 1.1 59.0 0.980 0.983 
75 2.4 7.0 4.6 63.6 0.848 0.678 
9D 7.0 9.4 2.4 66.0 0.733 0.488 
lOS 1.7 6. ] 4.4 70.4 0.670 0.304 , 
120 6.1 8.6 2.5 72.9 0.607 0.304 
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DATA ANALYSIS OF THE INFILlTRATIONS TEST TAKEN AT THE FUT FARM 
PLOT BOSSO CAMPUS FARM PLOTS, MINNA PLOT4 

0._. 
20 40 60 80 100 120 

llME 

140 
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WA TER TABLE MONITORING FIELD PLOT OF THE STUDY AREA 

DATE 

3/7/2000 
5/7/2000 
7/7/2000 
9/7/2000 
11/7/2000 
13/7/2000 
15/7/2000 
17/7/2000 
19/7/2000 
21/7/2000 
23/7/2000 
25/7/2000 
27/7/2000 
29/7/2000 
31/7/2000 
2/7/2000 
4/8/2000 
6/8/2000 
8/8/2000 
10/8/2000 
12/812000 
14/8/2000 
16/812000 
18/8/2000 
20/8/2000 
22/812000 
24/8/2000 

SHALLOW(THIGHER H20 TABLE 
(AI) 
A 

0.66 
0.66 
0.68 
0.64 
0.64 
0.59 
0.61 
0.63 
0.65 
0.65 
0.66 
0.45 
0.38 
0.29 
0.30 
0.38 
0.34 
0.32 
0.38 
0.38 
0.39 
0.40 
0.41 
0.42 
0.40 
0.40 
0.41 

38 

DEEP (LOWER) H20 
TABLE(M) 
B 

0.34 
0.45 
0.47 
0.45 
,0.38 
0.33 
0.31 
0.34 
0.32 
0.31 
0.34 
0.32 
0.48 
0.52 
0.44 
0.42 
0.42 
0.45 
0.46 
0.40 
0040 
0.40 
0.39 
0.43 
'0.44 
0.46 
0.46 



CHAPTER FIVE 

5.0 SUMMERY, CONCLUSION AND RECOMMENDATION. 

5.1 CONCLUSION 

The aim and objective of the project was achieved, rainfall, weather, 

topographic soil Ground water table of the study area was considered, could be 

used to predict soil moisture balance of the particular area and designing good 

workable llTigation system. The area will be suitable for surface irrigation 

(gravity) system. 

5.2 RECOMMENDATION 

The major problein encountered 9lll'ing the course of my project work was 

no possible in the dlY season. If is therefore, recommeilded that the installation 

of the piezometer pipe, that was not possible in the dry season. If is therefore, 

recommended that the installation of the piezometer pipe should be down before 

dry season or bigger instrument should be used to check or detennil1e the round 

water table of the area for a given year. 

39 
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LIST OF SYIVIBOLS 

P = Rainfall (mm) 

Q = Runoff (mm) 

APPENDIX (A) 

S = Change in moisture storage (mm) 

Et = Actual evaportansporatiol1 (mm) 

L = Losses (Deep percolation) (nun) 

B.S = End of stonn. 

INT = lntenlal 

X = Loss factor LIP 

S = Stage (f)) 
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APPENDIX (Is) 
," 

[ 

Grain size " Particle diameter 
< , 

, ,, 

Gravel fine ' 2.0-1. 0 

Sand, coarse 1.0":'0.5 

Sand, medium 0.5-0.25 
"I, ! " Sand, 

' '/ fine ~~; " ,.: 0 .. 25-0.10 
; ~: J :, f 

C
II 

D60/DIO :, ~ Greater than 4 

Well graded gravels, gravel-sand mixture, little or no fine. 
" f 
" , Cc = (D30)2/(D10 ~ ~ 060) Between 1 & 3 

.. i ;, ~; 

Cu = 060/010 ', Greater than ' 6 

Well graded sand" g"'::>vel sands little or no fine 

Cc = (030) 2/(010 x 060) Between 1 & 3 

" ~ 

I:: . 
" , 

~ ~ I 

Of: , 

t I 
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