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xii 
ABSTRACT 

The spread in irrigated agriculture, particularly 

with the introduction of the mechanical pumps informed 

the need for the study on irrigation water use on the 

Delimi Floodplain. 

An attempt was made to provide answers to the 

questions of when irrigation was necessary for the diffe

rent crops cultivated within a farm area and the volume 

of water required for this purpose throughout the dry 

season. 

To achieve this, data was collected on soil samples 

over a three-day i.crigation interval, while water appli

cation was directl·r observecl over a thirty-day period to 

ascertain irrigation time, discharge and the volume of 

water usad in the various crop fields. 

Results obtained from the study showed that the 

total volume of water required for all the crops during 

the dry season, given a total farm area of 2384m2 was 

3.097 X 106 m3. The result also revealed that the various 

crops were closely associated with certain soil types, 

with Lettuce and Tomatoes thriving on a wider range. 

The variation in the characteristics of these soils 

reflected on the different refilling points for the 

r 
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various crops over a three-day irrigation interval, 

indicating some differences in the vwilting thresholdî 

for the crops. W&ter use and irrigation frequency were 

observed to vary based on the computed available water 

capacity. However, this relationship between irrigation 

frequency and water use for the different crops were 

found to be statistically insignificant. 

Given the yield, water was construed to have a 

significant input in agricultural production. 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND TO THE STUDY 

1 

Water is one of the most vital resources available 

to man. Its importance is revealed by its various demands, 

including domestic, industrial and agricul tur,al (Camp and 

Lawler, 1969). 

In agriculture, which is manvs chief activity for 

producing both food and cash crops, water is a major 

structural component, constituting an appreciable fraction 

of crop vegetative biomass (Hillel, 1987). Water plays 

a central role in th.e metatllism of plants, and serves as 

raw material for ph~tosynthesi~. Furthermore, it 

dissolves and transports nutrients from the soil into the 

bodies of plants. In:fact, the importance of water in the 

growth o:f plants cannot be over-emphasized. 

On the Jos Plateau, agriculture is the dominant 

economic ë1.cti vi ty of the people ( Aj aegbu 1986). Unfor

tuna tely, there is not enough water to meet the optimum 

requirement of crops. The reason is not far to seek. 

Jos Plateau, like other areas under the tropical climate 

is characterised by contrasting wet. and dry seasons 

(Oguntoyinbo, 1982). The implication is that there is 
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2 

not enough rain during one half of the year, while the 

other sources of water viz, the rivers and streams dry 

up during the dry season and the amount of ground water 

supply equally diminishes. Agricultural practice on the 

Jos Plateau is therefore dominantly rain fed. According 

to Ajaegbu (1986), the reliance on a particular season 

for crop production was nota problem because the 

population was scanty. The mining of tin on the Jos 

Plateau marked a sharp increase in the demand for food 

by the labour migrants attracted ta the region. Ta this 

end, the reliance on rain-fall as a major source of water 

became unsatisfactory. Flood plains (fadamas) were, 

therefore, cultivated to aug.Lment :food supplies. Also 

the cultivation of the fadamas was intensified due to 

the decline in tin-mining activity. 

alternative to the ex-miners (Adepetu 

It was the only ready 

1984). The flood-

'lGins were considered no longer enough for the large 

number of persans engaged in agriculture, particularly, 

during the dry season. In order ta achieve a high 

standard of year-round agriculture, irrespective of rain

fall availability, the system of irrigation was 

inevitable. 
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3 

Irrigation is one of the means of improving the 

total volume or reliability of agricultural production 

by managing water for the crop (Worthington, 1977). 

According to Rydzevski (1968), irrigation, apart from 

being the application of water to soil for the purpose 

of supplying the moisture essential for plant growth, is 

a special case of intensive agriculture, in which techno

logy interve~es to provide control for the soil moisture 

reqftired in the crop root zone. In this regard, water 

control is of importance to other management efforts such 

as the use of fertilizers, hybrid seeds and mechaniza:tion. 

Irrigation in many countries is an art as old as 

civilization (Israeisen and Hansen, 1962). F±om its 

early and prlmitive antecedents in the River valleys of, 

the Middle East some million years ago, the pr~ctice of 

irrigation has evolved gradually in the direction of 

increasing the farmer 1 s control over crop, soil and 

even weather variables. Unfortunately, the long history 

of irrigated agriculture has not always recorded_ success 

(Worthington, 1977). Despite these failures,' the 

pressure of survival and the need for additional food 

supplies have given a new focus to the science of 
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irrigation throughout the world. According to Hillel 

(1987:2), 

11 the increasing demand for agricultural 
products, the search for new knowledge 
of how to improve the efficiency of 
irrigation, and the imperative to disse
minate and apply the knowledge gained 
to date, have made the expansion of 
irrigated agriculture more urgent than 

Il ever. 

At a seminar organised by the United Nations Food 

and Agricultural Organization (F.A.O.) in the Philli

pines in 1970 1 a communique was issued on the need te 

encourage small scale irrigation to improve productivity 

in small units and on a manageable scale. This became 

imperative considering the fact that large scale irriga:..: 

., tion projects require. more systematic, industrialized 

organization of work, and strict schedules. Again, at 

the World Congress of the FAO in 1975, the International 

Commission for Irrigation and Drainage appointed a 

committee on îassembling irrigation efficiency data' with 

a view to making recommendations for improving efficiency 

at.all levels including field efficiencies, particularly 

in small scale irrigated agriculture (Stern, 1987). In 

their view, irrigation development is a necessary 

approach to food production·required in the future. In 
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the opinion of Hillel (1987), irrigation development 

involves good soil and water management, and a proper 

understanding of the soil-plant-water relations. The 

emphasis on water management becomes pertinent, consi

dering the increasing demand of water for other uses. 

In Nigeria, attempts at increasing agricultural pro

duction witnessed the setting up of several departments 

and the adoption of agricultural policies, including the 

River Basin Development Authorities (1977), Operation 

Feed the Nation 1978 ~nd lately the Directorate of Food, 

Roads and Rural Infrastructure, 1987. On the Jos Plateau, 

the need to aug.'·.ment food supplies and increase agricul

tural productivity is more urgent, cortsidering the fact 

that tin-mining activity in the region has left an 

acute shortage of land for agriculture (Okechukwu, 1983). 

Several efforts have been made towards improving crop 

production on the Plateau. The Plateau Agricultural 

Development Board, for instance, has been assisting 

farmers through the procurement of seeds and fertilizers. 

On the part of the farmers, the introduction of mechani

cal pumps and the use of artificial fertilizers have 

introduced some tremendous changes in the system of 
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irrigated agriculture (Phillips-Howard, et al 1991). 

These developments have brought about an increase in 

6 

farm sizes, and an expansion of farms into more elevated 

land, hitherto considered unirrigable. Generally, the 

increasing demand for agricultural products, particularly 

the vegetables, including tomatoes, cabbages and carrots 

among others in the urban centres and, barley and wheat 

for industries have brought about the intensification 

of land and water use. In the face of increased demand 

for :farmland and variable rain:fall, a slight improvement 

in thewater economy may spell the dif:ference between 

marginal subsistence and profitable production. To the 

extent that :food problems are to be met by enlarged 

production, the enhancement o:f :irrigation is important. 

It is against this bàckground that the study would 

look at a primary requirement to an enhanced irrigation 

management - determining the soil-plant-water relations. 

1.2 STUDY PROBLEM 

Irrigated agriculture is becoming more popular 

on the Jos Plateau. Certain innovations have been 

introduced to make the system work. These include the 

introduction of the mechanical pumps as a replacement 
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to the shadou-f, the introduction of a great variety of 

high-yielding crops and the use of artificial fertilizers. 

The diffusion of the innovations have been enhanced 

because more young and educated people have been attracted 

toward irrigated ai:;;iricul ture (Phillips_-Howard and Scho

noeich, 1991). These vnew farmersv have the aptitude 

and education to radically transform agriculture on the 

Jos Plateau. 

However, successful irrigation must start by trying 

to decide how much is needed by various crops, and then 

supplying that need (Hudson, 1983). This becomes nece

ssary because to grow crops successfully, crops must 

achieve a water economy such that the demand made upon it 

by the climate in ·t:he process of evapotranspiration is 

balanced by the supply available toit· at the root zone. 

1.3 AIMS 

This study is aimed at answering pertinent questions 

in irrigation management viz: 

a) when to irriga.te various types of crops (irrigation 

frequency) 

b) how much water to be applied per irrigation session 
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1.4 HYPOTHESES 

1. 

2. 

Ho: There is no significant difference in 

moisture contentover the irrigation 

internal for the different crops at 

depths of 0 - 10 and 10 - 30cm. 

Hl: There is a significant difference in 

moisture content over the irrigation 

:.i.nterval for the dif:ferent crops at 

depths of 0 - 10, 10 - 30cm. 

Ho: There is no significant di:fference in 

the water use of the different crops. 

H1 : There is a significant difference in the 

water use of the different crops. 
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1.5 THEORETICAL/CONCEPTUAL FRAMEWORK 

Irrigated agriculture on the Jos Plateau is 

spreading fast. According to Phillips-Howard and 

Schonoeich (1991), if the trend continues, the practice 

would expan<l to areas where it was previously not 

feasible such as elevated land, interfluves and other 

areas farther away from the flood plains and ponds. 

The implication is that some more technical and sophis-

ticated means to deliver water to crop root zone would 

be introduced. Recent innovations in irrigation system 

being adopted include relay pumping, the use of pumps 

and hoses to convey water to areas which previou~y ~ould 

not be reached by traditional irrigation methods. These 

innovations have changed the face of irrigated 

agriculture on the Jos plateau from the traditional 

system to a modern one, which requires a scientific 

basis. 

According to Hillel (1987), 1 any attempt to control 

the supply of water to crops must be based on a thorough 

understanding of the variable state of water in the 

soil, and of its cyclic movement into, within and out of 
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root zone 1 • This is important because the water 

requirement for crops vary within an area, and for a 

specific crop, {t varies with localities, depending on 

environmental conditions. 

Irrigation practice on the Jos Plateau is based on 

mixed cropping, defined by Igbozuruike (1981), as the 

conscious and deliberate cultivation of more than one 

crop on one piece of land at the same time. The irri-

gator1·s concern, then, is to develop an overall irriga

tion schedule which optimizes the alloc~tion of water 

throughout the season, and ensures an adequate supply 

during the peak pe~iod for irrigation water use. This 

may mean ·thàt mo:ce crops may not receive water àt their 

optimal sc:hedule. In view o:f tœ fa.et that some crops 

require more water than others at certain critical 

periods, a.nd less at other periods, it is necessary 

to place the crop mix-on the farm so as to balance the 

demand and the supply. This may not be achieved without 

a knowledge of the water requirement of the various 

crops. 

According to Hillel (1987), there are several 

methods that can be used to determine the timing and 

CODESRIA
-LI

BRARY



11 

quantity of water application. These include monitoring 

the soil, the crop and/or the micro climate. Though, 

several methods can be 1 safely 1 used in the measurement 

and estimation of crop water requirements (see Methodo

logy), most of these methods require special skill to 

use. 

1.6 SCOPE OF STUDY 

This study looked at irrigation water use as defined 

by Jensen (1969) as the amount of water actually being 

used for irrigation. To determine the actual water 

use, the soil moni~oring method using the gravimetric 

technique was employed. The reason was that the sbil 

is the recipient o::' all water applied to the field, so 

would provide bett2r clue on when irrigation is required 

and how much to apply. 

The study also considered an estimate of the total 

volume of water used in the farm. 

For a pilot study of this nature, a field or farm 

plot irrigated as a single unit was required to provide 

reliable data. 
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1.7 STUDY AREA 

1.7.1 Location 

The study area is a portion of the Delimi River 

flood plain on the North Western part of Jos Town in 

Plateau State. It lies between lat. 9°58îN and Lat. 

12 

10° 00 î N and Long. 8° 53 1 E and Long. 8° 54:' E and loca ted 

in an area locally referred to as Langalanga (Swinging 

bridge). It is situated between the Senior Staff 

Quarters of the University of Jos and the Studentsî 

Village (See Fig l.la and b). 

1.7.2 Relief 

The study area is characterised by level to gently 

sloping land flood plain of the river Delimi. The land 

surfaôe slopes at varying gradients toward the river 

channel, a product of an uplift and denudational processes 

some millions of years ago (Ajaegbu et. al 1986). The 

river valley is broad and marked on either side by well 

defined bluff lines. 

1.7.3 Geology 

The study area is located where sedtmentary mate

rials are produced due to periodic eluviation (which 

involves the movement of soil colloids, suspension and 
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fine particles on the river channel, particularly, during 

the peak of the rainy season) and continuous colluvial 

activity from the sides generated by a dual process of 

rain splash erosion and the removal of detached mate

rials by unchannelled runoff on the adjacent plains. 

The detached materials are products of metamorphic rocks, 

principal of which are the migmatites and the granite -

gneiss found on the gentle rolling areas. 

1.7.4 Climate 

The climatic conditions of the study area (which is 

p~rt of the Jos Plateau) a~e influenced by its high 

elevation above mean sea level. The altitude brings 

about a reduction in the mean. temperature of the region. 

Generally, the temperature as recorded at the University 

of Jos Weather Observatory is generally low with the 

average minimum of 16.6°c and an average maximum of 29.4°c. 

Law temperatures are recorded during the harmattan 

(December to February), and during the rains in summer, 

high temperatures are experienced during the months of 

Marchand April. The areas position relative to the 

Inter-Tropical Discontinuity (ITD) determine the 

sequence of the seasons. Generally, the weather is 
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controlled by moist Tropical Maritime airmass during 

the rainy season, and the Tropical Continental airmass 

during the dry season. The South Westerly Winds are 

16 

responsible for much of the rains occuring between April 

and October, while the North East tractes are responsible 

for the dry season, lasting from November to March. The 

mean annual rainfall is 1170mm and about 175-180 rainy 

days are recorded per annum. The relative humidity is high 

( 47 .0% to 66. 5%) dm:-ing the rainy months between April and 

October, but is low (35.3% to 29%) during the dry months 

-/· between November and March ( See Fig 2. .. 1 ). . Evaporation 

levels are high during the dry season. 

values is 5.0mm, using the class A pan. 

The annual mean 

1.7.5 Drainaq§_ 

The study area is drained by the Delimi River. 

river takes its course in the Jirgir and Barkin Ladi-

Sabuwa area of the Jos Plateau. From its source, it 

This 

flows eastward into Delimi biotite granite from where it 

flows north eastward through Jos to the Plateau edge and 

beyond. 

During the dry season, the volume of water is 

reduced. Artificial impoundments are created during the 
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dry season to hold water primarily to augment supply 

(fed by base flow) for irrigated agriculture in the area. 

1.7.6 Soils and Vegetation 

The spatial pattern of soils is determined _by 

slope and relief which in particular, are resoonsible 

for differences in soil depth, texture, moisture regime 

and colour (Areola, 1982) • 

. The soils in the stu_dy area are hydromorphic, 

developed on sandy alluvium and colluvium. Along the 

river valley, sand and some silt are deposited due tothe 

transportation activity of the Pelimi River, particularly 

during floods at the peak of the rains. The flood 

plains are equally recipients of sandy slope wash 

colluvial sediments from the adjacent plains. Though, 

the soil is deep, clay dGposits are few, restricted to 

backswarnps. This leaves the area imperfectly drained 

during the rains accentuated by a high water table 

condition. 

Up the slope, colluvial soils formed out of migrna-

tites and granite-gneiss are found. These rock, .types 

generally give rise to coarse sk~letal soils. The CODESRIA
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depth of the se soils become. · shallower, f arther away 

from the valley side with depth not exceeding 30cm. These 

types of soils otherwise, referred to as lithosols are 

highly ferruginized. Most of them are characterised by 

weak differentiation of genetic horizon. 

With respect to vegetation, the study area have 

almost been completely cleared of its natural vegetation 

as a result of cultivation, firewood collection and 

intensive cattle grazing. However, on sites unsuitable 

for cultivation, clans of trees and water loving tasselly 

grasses can be :t:ound. Economie trees, including manga, 

guava, cashew and eucalyptus trees are also found in 

pockets in th~ area. 

l.7o7 AGRICULTURAL PRACTICE IN. THE AREA 

Agricultur0 is the main stay of the people in the 

study area. To ensure an &11-year agricultural production, 

irrigated agriculture is practised. Prier to the intro-

duction of the mechanical pumps, shadoofs were used in 

the lifting of water for the production of several tem

perate crops including tomatoes, lettuce, cabbage, 

leek onions, carrots, cellery, garden eggs, green beans 

arnong others. Land along the flood plain were put into 

use, though this technique of water lifting meant. 
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that small plots of land were cultivated. 

Irrigation exercise in the area commences at the 

beginning of the dry season (October) with the clearing 

of the plots of farms. The plots are later tilled and 

then prepared into beds of varying sizes. Drainage 

channels and canals are laid down, taking into cognizance 

the topography of the land. Seeds are then put in 

nurseries for several weeks before they are ready for 

transplanting into the various basins. Different types 

of cropping patterns are practised. Most crops including 

cabbage, carrots, tomatoes, beetroot are monocropped. 

Where mixed cropping is practised, the intention is to 

maximise the use of space and revenue derivation. In 

this respect, sequential cropping pattern is practised, 

whereby crops of varying growi:ng periods are farm ed in 

the same basin. Water for this purpose is obtained from 

the Delimi River which during the dry season is fed by 

base flow. Though a small river, the nature of the 

underlying topography has made it free flowing most part 

of the year. However, during the dry season, impoundments 

are erected to augment flow. 

As earlier mentioned, the river flows through 

metropolitan Jas, thereby rendering the quality of water 
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recent times on the quality of the water, it should be 

noted that a river flowing from an urban area would be 

polluted by different types of waste, including oil, 

detergents and metals. These vari ous waste affect the 

quality of the crops produced on the Delimi floodplain. 
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The importance of water as an essence of life on 

which man depends not only for his direct consumptive 

need, but also for producing his food and fibre have 

made its management and control a crucial one. The 

management of water becomes more incumbent, as an im

portant input into agricultural production required to 

feed the entire population. Unfortunately, its availa

bility principally in the form of rain is variàble over 

space and time. In orde~ to maintain a continuous 

a9ricultural production, irrigation has become an inevi

table venture. Irrigation as already defined can be seen 

as any process other than natural precipitation by which 

water is applied to field crops, orchards, forage grasses, 

legumes and other cultivable plants (Stern 1987)., 

2.2 HISTORY OF IRRIGATION 

As already identified 1n Chapter One, irrigation 

activity has been practised for several thousands of 

years, particularly on the plains of Rivers Tigris, 

Euphrates and Nile. 
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In Nigeria, according to Nwa and Martins (1982), 

irrigation development could be traced back to the early 

1900Vs when Colonel Collins, a military engineer, under

took work in the Sokoto River and ZamfaraValley Systems. 

These v-alleys came under the extreme north of Nigeria 

where rainfall amount is not sufficient for agricultural 

production. On the Jos Plateau, said Grove (1961), 

i~rigated agriculture in the form of fadama farming was 

probably introduced by Hausas from densely populated 

areas of the North. Ih the opinion of Olaniyan (1986), 

this tradi tional sldll and knowledge associa ted wi th 

fadama farming was introduced by labour migrants into the 

Tin mining region. Howev(~r, this agricultural system was 

to :t'èmain at the v fadama level v m,til the( early 1980s 

when growing demand for agricultural products, particu

larly, vegetables stimulated its development farther 

away from the fadamas. Ever since, a lot of technological 

developments in the form of irrigation techniques have 

taken place, to deliver water to the crop root zone. 

According to Adepetu, 1984, three methods are commonly 

used including the shadoof, diesel operated pump and 

channel irrigation. 
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The shadoo:f, a device used in the lifting of water 

consists of a long crossbar pivoted between two upright 

posts. The shorter pGrt of the crossbar carries a ·weight 

- a stone, ball or clay - and the longer part carries a 

rope or a long stick to which ~·bucket is attached. The 

shadoo:f is set up beside a pool, well or a water course 

and the :farmer pulls the longer run o:f the crossbar down 

until the bucket dips into the water. Then assisted by 

the weight on the shorter end, he lifts the :full bucket 

and pours the water into a ditch that carries it onto 

the land to be irrigated. The system was very popular 

until the early 1980 1 s ( Phillips Howard,. 1991) when · the 

mechanical pumps held sway as a better alternative in· 

the technology of water lifting in small scale irrigated 

agriculture on the Jos Platèau. One of its shortcômings 

was that i t was slow, laborious an_d energy sapping. 

The increase in the demand for agricultural products 

req~ired that a better system, that can ef:ficiently make 

water available :farther away :from the :flood plains was 

needed. The introduction o:f the mechanical pumps have 

made this possible. Several innovations have taken place 

in the use o:f mechanical pumps such as the use o:f relay 

sequencing, whereby several pumps are linked together by 
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hoses to reach the upland (Phillip-Howard and Schonoeich, 

1991). In the opinion of Nwa (1984), it would make crop 

rotation possible.,a factor considered to be important in 

the control of wilt and nematodes common in vegetable 

crops. The channel system of water use involves allowing 

water to flow under gravity in canals or channels made of 

earth (doki in Hausa) from the water source. 

Once irrigation water is transported to a field, it 

is generally distributed using several techniques identi

fied by Stern (1987) as basin, border, furrow, corrugation, 

wild flooding, spate and trickle irrigation. On the Jos 

Plateau according to Adepetu (1984) the watering of.crops 

is cdmmonly done by allowind ~ater into the basins 

throu9h a network of :feeder canals until the'y are completely 

subme:cged. Submergence, however, depend on the size of 

the basin and strength of the :flow through the canal to 

enhance crop-water relations. 

2.3 CROPS AND WATER RELATIONS 

Water is an essential component of all plant tissue 

and fulfils three primary functions, including keeping 

plants erect by filling the cells which make up its tissue; 

acting as a cooling agent in evaporating from the leaves 
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preventing overheating under hot conditions and finally, 

carrying nutrients in solution from the soil into the 

plants through their leaves (Stern, 1987). Its impor-

tance was summarized by Graben (1979), 11 that plant evolve 

in an aqueous medium and are adapted to primarily 

maintaining a watery environment •.•• 11 The complexity 

of the relationship between water and growth parameters 

in plants have been given several foci (Turner, 1978). 

Hsiao (1973) identified the effects of water deficit on 

expansive growth, photosynthesis, and pollination and 

fruit setting as the c~itical effects. 

2.3.1 Soil-Watèr-Crop Relations 

Soil has been defined as the material in which 

plants grbw (Sternf 1987). The structure of the soil con-

sist of a framework of solid materials enclosing a com

plex system of pores and channels which provide space 

within the soil for air and water. When all these spaces 

are filled with water, the soil is said to be saturated. 

Any attempt, therefore, to control its supply to crops 

must be based on a thorough understanding of the variable 

state of water in the soil and of its cyclic movement into, 
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within, and out of the root zone (Hillel, 1987). 

The cycle of water in the field consists of a series 

of sequential dy~amic processes beginning with the entry 

of water into the soil, continuing with its redistribution 

and downward drainage within the soil and culminating in 

its uptake by crops, According to Withers and Vipond 

(1980), three types of soil moisture can be recognised, 

including, gravity, capillary and hygroscopie water. 

Gravity water, as the name implies, drains out under gravity. 

It remains in the soil which is above a water table for a 

short time. Capillary water occurs as thin films on the 

soil particles or as droplets or thin threads within.the 

pore structure, while hygroscopie water consists of a 

thin film held firmly o~ the soil particles. Of the 

three, only capillary water is the principal source of water 

to plants. 

The amount of wat2r made available to plant for its 

growth is traditionally defined to be the difference 

between the field capacity of the soil and the wiLting 

capacity. According to the Soil Science Society of Amer:ca, 

field capacity can be defined as the moisture content of a 
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deep permeable, well drained soil several days after 

a thorough wetting. It is normally taken as the upper 

limit of the water available to plants (Hudson, 1983). 

On the other hand, the wilting point is defined as the 

moisture content at which the leaves of a plant growing 

in the soil fail to regain turgidity in a saturated at-

mosphere. However, for practical purposes, the perma-

nent wilting point, defined as the moisture content at 

which plants become permanently wilted is accepted 

(Hillél, 1967 7 Hudson 1983; Israelsen and Hansen, 19621 

Withers and Vipond, 1980). 

The amount of availaole water to crop root zone is 

governed by the rate at which the water is applied to 

the surface. HowevE?r, the rate at which the water would 

infiltrate into the soil depends on·the structure and 

texture of the soiL Infil trabili ty is low in a compac-

ted soil. Sand, by virtue of its relatively large pores 

cannot exert sufficient force to prevent gravity draining 

a large amount of the water held at saturation. In other 

words, its water holding capacity is low. With respect 

to clay, .the water holding capacity is high because of 
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its small pores (Withers and Vipond, 1980). To maintain 

water economy, therefore, some plants have developed 

certain physiological response. One of these respons~ 

is the development of dense and extensive root systems. 

Root patterns developed depend much on local soil condi

tions and water availability. According to Stern (1987), 

different plants have different rooting depths, and young 

plants have much shallower root systems than mature plants. 

He provided a guide to root patterns of crops in a fertile 

soil under unrestricted conditions: 

TABLE 2.:tI:· -TYPICAL ROOT-ZONE DEPTHS (METRES) 
AT FULL GROWTH 

.SHALLOW 

Beans o.s - 0.7 

Cabbage 0.4-0.5 

Cauliflower 0.3-0.6 

Lettuce 0.3 - 0.5 

Onions 0.3 - 0.5 

Spinach 0.3 - 0.5 

MEDIUM 

Barley 1.0 - 1.5 

Carrots 0.5--1.0 

Peas 0.6 - 1.0 

Peppers o.s·- 1.0 

Tomatoes 0.7-1.5 

Wheat 0.9 - 1.5 

DEEP 

Al:fal:fa l.0-2.0 

Cotton 1. 0-1. 7 

Maize 1.0 - 2.0 

Sugar 
cane 1.0 - 2.0 

According to Stern (1987), most of the water used by 

plants is taken from the upper half of the root zone. This 
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implies that about half of the available water is 

actually used. In the opinion of Hillel (1987), avai-

lable water capacity is of the order of 150mm to 200mm 

per metre-depthof the soil for clayey soils, 100 to 150 

mm for loamy soils, 50 to 100mm for sandy soils. 

2.3.2 Climate-Water-Crop Relations 

The joi,nt processes of evaporation and transpira

tion are important in the determination of the amount 

available to plants for the preparation of its food _and 

growth. Evaporation is a process by which water in the 

form of water vapoi.ir enters the atmosphere from open 

water surfaces, including ri~ers ~nd ponds et6. As a 

corollary, transpiration is the evaporation which takes 

place at the surfaces of plants leaves. The rate of 

these joint processes, otherwise referred to as evapo

transpiration varies with climate, including relative 

humidity, wind velocity, temperature among other climatic 

elements. When the climate;is·hot and dry, the rate of 

evapotranspiration is high, and low when it is cool 

( Stern, 1987). In regions where there are marked sea-

sonal changes in climate, there will be corresponding 

changes in the rate of evapotranspiration. Under 
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natural conditions without irrigation, the actual eva

potranspiration at the end of a hot dry season will be 

low, because .the soil is dry, and there is no available 

moisture. However, where there is rainfall or irriga-

tion, the rate of evaporation is high from bare, 

surfaces. This is particularly enhanced where the 

water table is near the surface. Sail moisture in 

these vregionsv is moved by capillary rise amounting 

in most cases:, to the deposi tian of sal t at the soil 

surface. Where crops are cultivated, transpiration 

rà.ther than evaporation becomes predominant. According 

to Thorne and Thorne (1979), much of the80% of water 

making up the living cells and tissues of plants are 

lost in the p:cocess of transpiration than is available 

for metabolism, particularly in dry environments. 

Water loss from plants occur through the stomates 

in their leav1~s, which incidentally are entry points 

for carbon dioxide in the process of photosynthesis. 

The implication is that if the evaporative demand of 

the atmosphe:r:e is high, plants would experience stress. 

In order to avoid dehydration, the rate of transpiration 
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is reduced. 

2.4 OUALITY OF IRRIGATION WATER 

The quality of water is an important determinant in 

crop growth. It is determined by the content of living 

organisms and its content of mineral and organic matter 

which may be present in suspension, colloidal dispersion 

or in solution (Camp and Lawler, 1969). Practically, 

all the foreign matter in water are collected as it' 

flows over the surface of the ground or through the soil 

and rocks. Surface waters inclùding rivers and streams 

èxhibit higher deterioration in quality than ground 

water as greater use is made of them. The quality is 

worse for rivèrs that flows through the urban areas where 

different types of domestic waste including detergents, 

kitchen oil, effluent and solid waste are discharged 

into them. According to Patterson (1986), the presence 

of these dissolved solids can cause problems of high 

salinity, as it causes plasmolysis of plant cells. 

Shainberg and Oster (1978), identified certain 

criteria that can be used in determining the quality of 

water for irrigation purposes. These qualities include 

total salinity, that is, the total concentration of all 
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salts in the water supply, sodicity, which is the 

concentration of sodium relative to the cations; anion 

composition of sodium solution, especially the concen

tration of bicarbonate and carbonate anions and the 

concentration of toxic elements. Generally, the princi-

pal solutes present in irrigation waters are the cations 

including calcium, magnessium, sodium and potassium, 

along with anions such as chloride, sulphate, nitrate 

and bicarbonate. In addition to these, some trace 

elements such as boron, lithium, selenium and several 

heavy metals, including lead, may be present and would 

have inhibitory effect on plant growth and human 

pathology. 

However, investigation by Nwankwo (1987) on sur

face streams in Jos city on the presence on heavy metals 

including lead, cadmium, zinc, iron, copper, manganese 

among others revealed that tŒi..r levels are much below 

the international averages for drinking water. This 

implied an insignificant delecte.riç,us effect on the con

sumption of agricultural products watered from these 

streams. 
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2.5 IRRIGATION SCHEDULING 

The aim of irrigation practice is to ensure that 

the plant has an adequate supply of water in its root 

zone. This process otherwise referred to as irrigation 

scheduling has been used to describe the procedure by 

which an irrigator determines the timing and quantity 

of water applied to the crop root zone (James 1988). 

In other words, it provides a guide on when to apply 

water and how much to apply. Its importance was high

lighted by the International.Management Committeé of the 

American Society of Agricultura1 Engineers when in 1979, 

a con:ference was held to establish the state' of the art 

iri :irrigation scheduling :for· Water and energy conserva

tion. 

According to Reginato and Howe (1985) irrigation 

scheduling is composed of many inter-related activities. 

In tneir opinion, it includes considering the càpacity 

of the irrigation system, estimating when the next 

irrigation shouJd start, the amount to be applied, the 

field size and time required to complete an irrigation, 

the advance time required to order water, the need to 

co-ordinate irrigations with other cultural operations 
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and the probable crop-response to be expected. Little 

wonder, Hudson (1983), had it that successful irriga

tion effort must start by scheduling an irrigation 

program. According to him, it makes for a co-ordinated 

delivery of water, reduction of labour cost and ensures 

overall efficiency. Irrigation scheduling therefore, 

is a sine-qua-non in overall irrigation planning, 

including crop mixes and the use of irrigation tools and 

techniques. A knowledge of the rate of water use by 

crops and the water retention characteristics of soils 

is fundamental in the design of the water supply systems. 

It determil-i.es the canal, pipeline, storage and pumping 

capacitiés of the system (Withers and Vipond 9 1986). 

To determine when to apply water and the quantity 

to apply 9 several methods have been identified. Bro~dly, 

Hillel (1987) categorised these methods into three: 

plant indicators, microclimate and/or soil moisture 

studies. 

2.5.1 Crop Indicators 

The crop can be monitored to determine the water 

status of plants. According to Reginato and Howe (1985\ 
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to determine when to irrigate a crop, there is no subs-

titute for interrogating the plant itself. According 

to them, neither the soil water status nor the atmosphe 

rie demand accurately represents the plant water status 

for the plant integrates its total environment - bath 

soil and atmosphere. In other words, only by measurin9 

plant parameters cana plantvs general health be 

evaluated. Using the information, decisions on when to 

irrigate can be carried out. 

Numerous techniques have been proposed over the 

years to monitor the physio1ogical state of water in 

the plant. Among these are the techniques to· estima te 

the xylem pressure potential (Bielorai and Hopmans, 1975 

Blum 1967; Meyer and Green, 1980)', or leaf diffusion 

resistance (Ehrler and Van Bavel 1967; Sumayao and Kane 

masu, 1979) or the water status of various plant parts 

(Kassam and Elston, 1974). Others include psychometric 

measurements of leaf water potentials, found to be a 

good indicator of stress (Ehrler, 1973). The use of 

infrared thermometry, as a reliable surrogate for certain 

physiological - based water stress measurements have be~ 

emphasized. The major advantage of this method, 
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according to Pinter and Reginato (1981) is the ease and 

rapidity at which plant temperature measurements can 

be made. Ehrler et al (1978) while utilizing the tech

nique showed an inverse relationship between the stress 

degree day parametre and the xyleon pressure potential 

of wheat. Later, Idso et al (1981) refined the 

stress degree day parameter by taking the evaporative 

demand into account. The transformed stress parameter 

which is termed the crop water stress index was well 

,; correlated wi th the xyle.l'V\ .. pressure potantial in al:falfa 

plants subjected to varying degrees of water stress. 

An obvious shortcoming o:f most o:f the studies is that 

most of them were màde on individual plant parts. How

ever, several studies have been carried out, by utili

zing canopy temperature rather than individual leaves, 

prone to errors. Tanner (1963) was able to monitor crop 

canopy temperature, using the infrared thermomet~y to 

explore the moisture stress difficulties between plants 

under different water regimes. 

Generally, the most common way to monitor the crop 

is by visual inspection. Sorne aspects of plant behaviour 
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can be found to indicate water stress directly. Some of 

the indicators as identified by Vipond and Withers (197~, 

include growth measurement, plant colour, leaf movement, 

growth and size which may vary with turgor pressure. 

According to them, young leaves are the most sensitive, 

so when they begin to curl or become flaccid, an irriga

tion is overdue. 

2.5.2 Monitoring the Weather 

The irrigation needs of a crop are stochastic in 

riature because they are affected by climatological para

meters. Considering all other factors - soil, topography, 

quality of water, iriigation practice and methods, irri

gation need is a function of the stochastic variation of 

the local weather, that is evapotranspiration (Gupta 

and Cha:phan, 1986). The idea of weather 1i101'li toring - is to 

follow the meteorologically imposed evapotranspirational 

demandas it varies over time and to set the quantity of 

irrigation accordingly. Evapotranspiration is influence.d 

by many factors including, temperature, wind velocity, 

humidity and the amount of sunshine. Other factors 
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include water supplies to tte leaves, which depend on son 

condition and weather conditions on previous days and 

weeks and plant food supply to the roots. 

Several methods have been developed to estimate 

evapotranspiration. 

Penman (1948) determined the amount of water required 

by crops based on the estimation of potential evapotrans

piration, defined as the amount of water transpired in a 

unit time by a short green crop completely shading the 

ground of uniform height and never short of water. In his 

analysis 1 several climatic variables including, tempera

ture, humidity, wind velocity, vapour pressure and solar 

radiation were included. However, whiie it is of great 

interest 9 and indeed practical in irrigation scheduling, 

1- the Penman method is generally too di:f:ficul t to apply in 

the context of small scale farming. ·Furthermore, most of 

the required variables for its computation are not available 

in weather stations. For these reasons, several modifi

cations have been made to make the formular workable in 

all situations. According to Wright (1982), crop co-

efficients can be used to estimate actual water use fmr 

a particular crop from estimates or measurements of a 

CODESRIA
-LI

BRARY



40 

potential or reference evapolranspiration. This is 

possible by using Penman combination equation. According 

to him, the empirical reference crop-coefficient are 

generally derived from daily weather data, and relatively 

simple data on crops and soil situation. Doorembos and 

Pruitt (1977), presented detailed procedures for estima

ting daily reference evapotranspiration for grass, which 

they defined as the rate of evapotranspiration from an 

extensive surface of 8 - 15cm tall green grass cover of 

uniform height, actively growing, completely shading the 

ground, and not short of water. Several crop-coeffiçien~ 

have been suggested for iri:igation scheduling (Jensr~n ~ 

~ 1971; Wright 1981, Wright and Jensen, 1972). Equally, 

it has been applied in the Agriculture Researeh Service 

of the United States Department of Agriculture (Jensen et 

al, 1971). The crop coefficients were developed from soil 

sampling data collected at various research locations 

for 5 - 15 day intervals. 

Another method equally used in the determination of 

crop water requirement was developed by ~laney and Criddle 

(1950). The use of this method was provoked by the 

inavailability of sufficient data as required by the Penman 
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Formula. Furthermore, estimates of consumptive use 

are required for areas other than those where solar 

radiation, wind speed and air vapour pressure deficits 

are measured. The lack of weather data therefore in 

many areas and during many historical periods necessi

tates the use of this approach to incorporate the effects 

of temperature and day length only. 

The Blaney Criddle method, however, may not be 

suitable for humid areas since it was designed to suit 

the needs of arid envirbnment. For this reason, there 

have been. severàl modifications including, the Soil 

Conservation Service (SCS) modification in 1970 and the 

Food and Agricultu:cal Organization (FAO) modification in 

1977. The FAOVs was unique because it included a 

co~rection factor which helps to adjust for local weather 

or climatic conditions not provided for in the original 

Blaney-C~iddle formula (Hawley, 1982). 

waE; expressed thus: 

This equation 

where 

Eto = estimated evapotranspiration from a grass 
reference crop in mon/day for the period 
considered. 
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P mean daily temperature of total annual daytime 
hours for a given time period and latitude. 

a&b - correction f_actors which adjust wi th the ET esti
ma te based upon measured or estimated mean daily 
minimum relative humidity. 

Various agroclimatological methods have equally 

been devèloped to monitor the weather directly. These 

include the pan evaporimeter and lysimetry among others. 

Evaporation pans provide a direct estimation of the 

aggregated effects of radiation, wind, temperature·and 

humidity on evaporation from a desired opan water sur-

:face. Thus, measurement of evaporation can give 

individual applicators an indication of plant water use 

on the field and assist in determining when ta ir±igate 

and how much to apply (Westesen and Hansen, 1981). 
! 

According to Hillel (1987), the evaporation pans appear 

to be the most practical of the various mi~roclimatolo

gical methods, particularly if related with a calibrated 

crop coefficient. In his opinion, farmers can schedule 

their irrigation program without resorting to esoteric 

formulas. In the Townsend, Helena and Chinook areas 
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of Montana, Westesen and Hansen (1981) in their study 

on evapora tion pans and scheduling, indica ted an in

creased yield and correct irrigation schedules. Arnong 

the various pans used are the United States Weather 

Bureau, Class A Pan, the piche evaporimeter, Sunken 

Colorade pan and the atmometers (Israelsen and Hansen, 

1981). 

Evaporative demélnd have also been measured using 

Lysimeters. According to Tanner (1967), proper evalua-

tian of the water resources and more scientific manage

ment of water requires the development of tools that will 

provide satisfactory measures of crop water uses. The 

tool frequehtly used 1 according to him, is the lysimeter. 

i-The Lysimeter is the only hydrologie method in which 

the experimeter can obtain accurate and con:tinuous 

measurement of evapotranspiration. It has been used to 

calibrate other agrometemrological methods. In a 

study conducted by Reicosky (1981) he observed that the 

lysimeter presents a good measure of water use on 

different treatments. When properly installed, operated 

and instrumented lysimeters provide the most accurate 
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measurement of evapo±ranspiration. Though, several 

types can be recognised, including weighing and non

weighing types, the weighing lysimeters · .have been 

successfully used in determining water requirements of 

crops in short time periods (Israelsen and Hansen, 

1962). In a study conducted by Lawson and Lal (1981) on 

crop water use in the humid/subhumid zones of West 

Africa, the lysimeter was used to obtain the mean 

maximum water requirements for cereals (4.4 mon/day) 

and the grain legumes about 3.8mm/day to meet their 

evaporative demand. It was equally utilized by Owonubi 

(1981) in his study on cowpeas water use in Samaru; 

Zariaa 

2.5.3 Sail Indicators 

Soil'based irrigation scheduling is the traditional 

method of determining when and how much to apply. 

According to Campbell and Campbell (1985), the fact 

that ir~igators still trust the 1 feel 1 and colour of a 

shovelful of soil in preference to many other irriga

tion scheduling procedures indicates that scheduling 

by soil moisture is still the most popular of all 

methods. In_their opinion, since the soil is the 
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primary recipient of the irrigation water, it seems 

reasonable that the answers to the questions - when ,_ 

should the water .be turned on and how much to .apply 

should corne from monitoring the soil. 

The idea of soil monitoring is to observe the 

moisture reserve of the root zone as it gradually dimi

shes following each irrigation, so as to know when th~ 

reserve has been depleted to some level predetermined 

to serve as the minimum allowable level (James, 1988). 

At that point, the irrigator is to apply the volume of 

water calculated to replenish the soil reservoir of the 

root zone toits full level. A· precondition to effec-

tive managr-i!ment of root zone soil moisture is ·to esta

blish the rooting depth. of the specific crop as it 

varies during the growing season (Hillel, 1987). The 

volume of soil included within the rooting zone of a 
) 

plant is the first determinant of the size of the soil 

moisture reservoir potentially available toit. That 

volume can be assessed by considering the areal extent 

and density of the crop stand and the depth of crop 

penetration. According to Haise and Hagan (1967), 
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measurèments of soil water should be made as frequently 

as possible, and should be at the depth of maximum 

activity. This is generally between 15 and 30cm for 

irrigated cropso These measurements are plotted as 

functions of time on a graph similar to the simulated 

records of field moisture depletion between irrigations 

as described by Gear et al (1977). 

Irrigation should be scheduled so that the soil 

water content stays between the refill and full values. 

If it goes above the full point, leaching will occur, 

if it goes below the refill point, production will be 

reduced. However, :for best results in determining 

when to water 9 Carver (1986), provided some clues 

including, having knowledge of soil types, their water 

holding and field capacities. On the basis of these, 

the computation of the amonnt of irrigation water can 

be made. 

There are several approaches to the determination 

of soil moisture: ·• These include the in situ or point 

measurement, computers and the booking methods. 
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2.5.3.1 Insitu Methods 

Gravimetric Technique 

Among the insitu methods is the gravimetric technique. 

It involves the oven drying of a representative soil 

sample at 1os0 c until a constant weight is achieved. 

Usually, this weight is obtained within 12 hours 

(Schmugge et al, 1980). Though, for large samples, the 

drying time may increase. Usually, the · - ·_ weight of 

the soil sample is taken before overdrying. The amount 

of water in the soil can be determined, and the moisture 

calculated and expressed as a percentage of the dry soil 

weight. 

where 

w = Ww - Wd 
Wcl - Wc 

X 
100 

l 

w Moisture content of the soil on a dry 
weight basis expressed in percentage 

Ww wet weight (9) 

Wd tlry weight (g) - after even drying 

Wc weight of container (9) 

When rate of use is plotted against time, a curve 

can be drawn from which the seasonal use can be obtained. 

To obtain the volumetric content, the gravimetric value 
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is multiplied by the bulk density of the soil. It is 

expressed, this :-

where:-

WW yd IOO 
Wd yw 

eV - volumetric water content,% 

Ww - weight àf water (9) 

Wd - dry weight of soil (9) 

yd - Oven dry bulk density (g/cm3
) 

yw - density of water (g/cm3 ) 

Though, the use of the gravtmetric technique has 

a lot of advantages, including the ease at which 

· samples can be ·taken usinçi an auger or tq.be sampler 

and the ease in the calculation of soil moisture 

contentf it has some disadvantages such as the problem 

of obtaining representative soil samples. For the 

fact that several samples are required, it is laborious 

and time consuming. 

However, despite these shortcomings, the grav1metric 

method is probably the most widely used technique of all 

insi tu methods fcff measuring soil moisture ({3chmugge 

et al, 1980). In a study of the effects of varying 
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levels and frequencies of irrigation on growth, yield, 

nutrient uptake and water use efficiency of maize and 

cowpea by Mbagwu and Osuigwe ( 1985), the resul t using 

thé gra.vimetric têch11ique revr@aled that thê growth 

of maize was best when irrigating with water equivalent 

to 75% field capacity at daily interval. Furthermore, 

the optimum yields and nutrient uptake of both crops 

(maize and cowpea) were obtained by irrigating with 

water equivalent to 100%·field capacity at daily or 

2-day interval. The technique has equally been used to 

assess the spatial variability within farm plots and 

in comparing the variability shown by tensicmeters and 

gypsum. blocks. Cary (1981) in his study on perspect

ive on irrigation dates was able to achieve the 

comparison by taking grav:i.metric sarnples at depths 

of 15, 30 and 45cm from two cores taken 2m apart 9 

twice weekly at random locations in the rows near 

the blocks· and tensiometerso 

NEUTRON MOISURE METER 

It is also an insi tu m(~thodo The instrument 

includes a probe (with a source of fast neutron$ and 

a detector of slow neutron) lowered from a shield 

49 
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containing hydrogenous material into the soil through 

an access tube. It senses vollli~etric wetness with 

minimum disturbance 9 while measurement can be made 

repeatedly in the same locations and the results made 

available immediately on the field .. (Gear et al 1977). 

On the basis of this, the amount of water present in 

the soil profile can be easily calculated, and once 

the water holding capaci ty of t.he soil is determined, 

an irrigation schedule can be established. It was used 

to provide an on-farm scheduling for farmers in the 

Lethbridge region of Alberta, USA (Mckenzie and Chanaysk, 

1981). Twenty seven fields ranging in size from 20ha 

to 64ha were irrigated for crops including sugar beets, 

soft wheat, barley and alfalfa$ Soil textures were 

clay loam or sandy clay loam and all fields were sprinkle 

irrigatede Using the neutron probe, irrigation was 

recommended when the soil wate:t;' reached 50% of' capacitya 

On the basis of the information obtained from each of 

the fields, soil moisture depletion curves for the 

surface zone of the irrigated field were charted as 

scheduled for the farmers use. The experiement revealed 

that the scheduling information was beneficial in terms 

of planning irrigation for each field, planning overall 

farm operations and making farm decisions. Its use is 
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limited by high cost, radiation hazards and maintenance 

problems. 

TENSIOMETERS: Were first defined by Richards and 

Gardner (1936) as an unambiguous reference to the porous 

cup and vacuum gange combination for measuring 

capillary tension or the energy in which water is 

held. In addition to moisture tension, it measures 

moisture content. After an irrigation, as soil 

moisture is depleted by evaporation and root extraction, 

the tensiometers register an increase in tension and 

if properly interpreted can provide a forecast of 

when plants might begin to suffer stress. :r:n an eva-

luation study conduc.ted on :four methods of irrigation 

sçheduling. at Florence, South C~rolina 9 data from 

tensiometers indicate that soil water potentials main

tained above 0.2 bars in the upper 60cm produced 

maximum yields (Lambert et al 1981). According to 

them, tensiometers provide an easy way to properly 

maintain soil water potentials within the desired 

limits for optimum crop growth. An example was given 

for corn where a few stressed days can result in 

substantially reduced yields. 
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2.5.3.3 Computer Scheduling 

An irrigation scheduling program for large digital 

computers was developed by Jensen (1969) for the United 

States Department of Agriculture. It is currently being 

used on about 400,000 ha in the United States using 

meteorological data to calculate water use and water 

budget. The computers also forecast the timing and amount 

of irrigation water necessary for optimum crop production. 

Computer procedures may provide a clearer estimate of 

when to irrigate and how much water to apply at a lower 

total cost than conventional field procedures. An impor

tant step in the development of computer irrigation sch0-

duling procedures is to improve the reliability of field 

data acquisition and data entry. In Colorado, it was 

possible to schedule field crop irrigation for an entire 

season without adjustment to the computer adjusted soil 

moisture depletions (Harrington and Heermann, 1981). ~·s 

Its use are limited by several reasons including, the 

difficulty in obtaining accurate feedback of dates and 

amount of irrigation. There is also the problem of 

delay in the production of schedule as compared with an 

on-the-spot-personalized field estimate. 
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A major limitation toits use is that they measure 

potential only in the immediate vicinity of the unit 

so that several tensiometers are needed to give a 

reliable spatial coverage. 

2.5.3.2 CHECK BCX)K METHOD 

It was developed as a relatively simple method 

of on-farm scheduling, using maximum air temperature, 

long term average radiation and crop growth stages. 
stegman 

According to Lundstrom andl. (1976), i t was developed 

in the mid 1970s :for the determination of irrigation 

time in Northern Dakota, USA. The first step :i.n i.ts 

preparation is the development of a set of potential 

evapotranspiration data cal:i.brated frow Jensen et al 

(1971) scheduling model. Based on evapotranspiration 

and soil moisture data 1 irrigation scheduling may 

start in any week during the irrigation seasono 

However, its use is location specific as its accuracy 

depends on similar condition of latitude elevation 

and summer climate as in North IB.kota. 
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2.6 IRRIGATION WATER USE EFFICIENCY 

The term 11 efficiency" is generally understood to be 

a measure of the output obtainable from a given input. 

Thôugh, sëveral typës of irrigation ëfficiency as explained 

by Israelsen and Hansen (1962) can be identified, including 

conveyance, application and distribution efficiencies among 

others, the efficiency considered in this work is the 

water use efficiency. According to Yaron (1966) irrigation 

water can and should be treated just like other productive 

factor which takes part in the production process and 

contributes its share to the total output. 

Over time, researches aimed at illuminating the 

relationship between crop yield and water. use have been 

guided by various notions of what constËutes a desirable 

level of water use. According to Vaux and Pruitt (1983) 1 

some of the researches involve those directed at the goal 

of establishing the level of water input necessary to 

achieve maximum yield per acre. This maximum yield was 

defined.by Hillel (1987) as the amount of dry matter pro

duced per unit volume of water taken up by the plant from 

the soil. As most of the water taken up by the plant in 

the field is transpired, plant water use is in effect the 
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reciprocal of the transpiration ratio; defined as the 

quotient of the amount of water 'transpired during growth, 

and the dry weight of plants at the time of harvest. 

De Wi t (1958), in an investigation of the determinants of 

transpiration and yield revealed that their relationship 

was linear. 

Stewart and Hagan (1973), however, have argued that 

although evapotranspiration is the :field level parameter 

associated most directly with yield, the depth of irriga

tion water applied is of most concern to Planners and 

Irrigators. ·This argument provided a lending support to 

the proposal advanced by Yaron (1966), that the basic 

variables of water quant:i.ty, irrigation ;frequency (timing) 

and irrigation depth are desirable in performing economic 

ai;,.al,ysis o:f water use ef:ficiency. In his opini0n 9 unde:r. 

conditions atone and the same location, the marginal 

yield of a crop is a function only o:f the quantity of 

water (other irrigation variables being equal). 

2.7 SUMMARY AND CONCLUSION OF THE REVIE\N 

From the foregoing review, the relationship between 

the soil, crop and atmosphere was revealed. Furthermore, 
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the importance of water (and its quality) as a major 

complement in crop growth and production was highlighted 

particularly in areas of variable rainfall. The theore

tical basis on the need for irrigation scheduling was 

equally mentioned. Two pertinent questions were iden

tified as being crucial to any irrigation effort - when 

to apply water and how much water is applied. To 

answer these questions, several approaches were identi

fied. Reasons were provided by various authors on the 

choice of approach. 

In Nigeria and on the Jos Plateau, few literature 

are available on irrigation echeduling (water use). 

Those that were available included wo1r:'ks by Mbagwu and 

Osu:i.gwe (1985), Lawson and Lal (J.981) and Owonubi (1981). 

I'"Iowever, based on the tneoretical background provided, 

the g:i;avimetriç technique was used in 1:he investigation 

of irrigation water use. Though it requires less skill 

and sophistication, the results obtained are comparable 

to those obtained using other techniques. Furthermore, 

the proposal advanced by Yaron (1966) shall be utilized 

in the determination of volume of irrigation water. 
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In order to achieve the desired aims of the study, 

the work was carried out in stages. 

3.2 .INDOOR PREPARATION 

The choice of study area was considered based on 

several factors including cost, intensity of irrigation 

activity, proximity and time available. Maps of the study 

are~ weather data were obtained and review of available 

literature was made. Principal among the sources of 

literature were the International Institute for Tropical 

Agriculture (:CITA), Jos Environmental Resource Development 

programme, the Universities of Jos and Ahmadu Bello~ 

relevant theses and t~xtbooks. 

3. 3 FIELD RECONNAISA.NCE 

A reconnaisance survey was conducted to familiarize 

myself with the study area. This was quickly followed 

up with a pilot survey (October, 1991) to locate farms 

that were being prepared for cultivation. Thirty two 

farms were identified. The irrigation practice adopted 

J 
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size of :farms, crops and the cropping patterns, and a 

quick survey of the soil characteristics were noted. 

The :farms were :found to have the same types of crops, 

similar cropping pattern and use of mechanical pumps. 

Though, there was variability in the soil types, a 

relationship was :found between the degree of variability 

and the size of :farms. 

3.4 DATA COLLECTION 

On the basis of the :findings during the reconnai-

2 sance, six :farms that met the requirement of Som as 

recommended by HatAdey et al ( 1982), :for soil study were 

selecteçl. The farms were assigned nun1bers 1 - 6. The 

choice of the representative farm was determined by the 

throwing of a dice whereby each farm had a chance of 

being selected. This was in consonance with the method 

described by Campbell and C~mpbell (1981) that 1 in order 

to schedule irrigation using soil moisture measurements, 

one must select a site (irrigated as a single field) for 

monitoring soil moisture 1 • According to them, set full 

and re:fill points for the particular soil being moni

tored artl establish some kind of record keeping scheme 
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which will show when irrigation is necessary. 

The farm eventually selected measured 2384m2 and was 

used for tœ purpose of direct measurement of soil samples 

and the monitoring of water application. All fields -

lettuce, tomatoes, leek onion and carrots - were numbered 

prior to the first sampling event, retaining the identifi

cation throughout the study period. A systematic sampling 

pattern was adopted in order to efficiently cover the 

entire fields. Profiles were made to reach the required 

depths (0 - 10, 10 - 30cm) for the respective sampling 

points. On the whole, 18 sampling points were takenÇsee fig3.3) 

The grav:i.metric method was used to measure the 

moisture content in the various crop fields. 

To compu~e the perçentage water content on a d~y 

weight basis, the :following equation was given thus: 

Gw = 

where: 

G1,11 = 
Ww = 
Wd = 

Ww - Wd x 
Wd 

100 :r- Eq. 1 

(after James L.G. (1988). 

Soil water content on a dry basis (%) 

Wet Weight (9) 

dry weight (g) 
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This was converted to volumetric content in order to 

determine the amount of water (mm) per unit depth (m) 

using the equation: 

Gv = Gw Wd OR 
VT 

v = Vw 
VT 

100 Eq. 2 

where 

Gv = 

VT = 

= 

Vw = 

(after James L G, 1988) 

Soii water content on a volume basis (%) 

Total volume of soil and voids (g/cm3 ) 

density of water (g/cm3 ) 

Total volume of water 

The volume of water was determined on the field as 

described by tsraelsen and Hansen (1962) while the bu1k 

density was det.ermined separately to convert the 

moi sture content. ta volumetric conte:nt. 

Each sampling day was analysed independently to 

maintain some consistency, at least, with respect to the 

antecedent meteorological and moisture conditions. 

The samples were weighed, using the Dial-0-Gram 

balance and oven dried at 1os0 c for 24 hours. 
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For water application, measurement was taken bet

ween 20 November to 18th December, 1991. The pilot 

survey and other visits revealed that irrigation was 

done on Saturdays and Wednesdays. Using a stop watch, 

the amount of water applied on the different crop 

fields were recorded. The area of the crop fields were 

measured using a tape. Furthermore, a bucket of known 

volume was used to determine the amount of water made 

available to the farm, using the mechanical pump at 

full capacity. On the basis of these measurements, 

the total volume of water applied was determined, while 

a map o:f l:;$00 was prepared. 

Direct interview was conducted. wi th ~he f'armer 

about the crops cultivated (identified during t'he pilot 

survey - See Plate 3. la-d:- their growing per;Lods, methods 

of cultivation and yield• CODESRIA
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Plate 3.la: Showing the carrot field 
Source: Author'~ field -Survey. 1991 

Plate 3.lb: Showing the leek onions 
,..._, .. ._ .. -~,..... /\11+1,Ar '-~ Fi elcl $urvev 1991 

' • 
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Plate 3.lc: Showing a part of 
Source: Author's Field Survey' 

Plate 3:ld: Showing a part of 
Source: Author's Field Survey 

the lettuce 
1991 

the tomato 
1991. 

field. 
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3.5 DATA ANALYSIS 

Data was summarized using several methods including 

mean as a measure of central tendency, tables and graphs 

such as the line, bar and pie charts. 

The hypotheses were tested using student t and 

Analysis of Variance (ANOVA). 

3.6 DATA P~ESENTATION 

The data collected were presented under three 

headings namely: 

a) Field observation, 

b) Total volume of water used, 

c) The soil as a recipient of irrigatiQn water. 
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1 This chapter is aimed at analysing the data co.llected 

in the process of determining irrigation water use in the 

study site. Data was prese~ted under three headings: 

a. Field observation 

b. Total volume of water used 

c. The soil as a recipient of irrigation water. 

4. 2 FIELD OBSERVATION 

Farmer 1 s response to questions on the growing periods 

of the c~ops. is presented in Table 4.2: 

TABLE 4.2 CROPS AND THEIR GROWING PERIODS 

Cro Germination Da s Harvest Days) 

Carrot 7 - 10 90 

Leek Onion 7 60 - 120 

Lettuce 3 - 4 50 - 60 

Tomatoes 4 120 - 150 

Celery 10 60 - 90 

Cabbage 10 90 
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On his output l~st year, 1991 for the various 

crops, yield was measured in baskets, bags and dozens -

the standard mes.sures for the farmers as in Table 4.3: 

TABLE 4.3: YIELD OF THE VARIOUS CROPS (1991) 

Crop Yield 

Carrot 250 baskets 

Leek Onion 110 dozen -, 
Lettuce 3200 baskets 

Tomatoes 750 " 
Celery 50 " 
Cabbage 10 ba.gs 

A basket is equivalent to 40kg 
and the bag 60kg 

4.3 TOTAL VOLUME OF WATER USED 

Land Area 

276 

127.3 

531.6 

1449.3 

403.3 

N.A. 

(m1 

To determine the volume of water use9 for· irrigation, 

the area of the different crop fields wera measured 

µsing a tape. On the basis of this, a map of 1:800 was 

prepared for the study area, showing the size of the 

different crop fields (fig. 4.4). The process of 

water application was also illustrated on the map (see 

fig. 4.4). 
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At an average velocity of 2.6 litres per second 

(see Appendix I), the mean irrigation time for the 

various crops over the study period (20th November, 

1991 to 18th December, 1991) is presented as in Table 

4,4 (See Appendix 2 for detai11· 

TABLE 4.4 CONTACT TIME FOR THE VARIOUS CROP AREAS 

Crop TyPe Size of Farm (m2) Contact Time (mins) 

Carrot 276 77 

Leek Onion 127.3 71 

Lettuce 531. 6 132 · 

Tomatoes 1449.3 145 

The relationships between the crop areas and 

irrigation time are illustrated in Fig. 4.Sa and 4.Sb. 

To calculate the volume of.water used in the 

various crop fields, the following procedure was 

taken: 

* 

* 

Unit area - defined as the area of the crop 

field. 

Irrigation 
time - Given as the contact time (irrigation 

duration) multiplied by irrigation CODESRIA
-LI

BRARY
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irtterval x the number of irrigations through

out the cropvs growing period (as in Table• 

4.2). For irrigation interval, the following 

values were used based on the field work -

since the plots were irrigated twice a 

week (Wednesdays and Saturdays), it followed 

that in a month (30 days), eight irrigation 

exercises were taken et cetera. 

Discharge The àmount of water pumped at full capacity. 

Measured on the field to be 2.6 litres per 

second. 

on this bas~s, the total volume of water used :for the 

various crops are thus presented in Table 4.5 

TABLE 4.5 VOLUME QF WATER USED DURING CROPS GROWING PERIOD 

IRRIGATION TIME (MINS) Dis- Volume of 
Crop un;t Area Growing Contact cha.rge Water(m3) 
Type (m) A Period B Time C{L/S) AXBXC 

Carrot 276 90 77 2.6 6 3 0.079xl0 m 

Leek . 6 3 
Onion 127.3 90 71 2.6 0.033xl0 m 

Lettuce 531.6 .55 132 2.6 O. l64xl0
6rti 3 

Tomatoes 1449.3 135 145 2.6 1 6 3 l.lSxlO m 
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Most of these crops including the carrots, leek 

onions and lettuce were harvested before the end of the 

field exercise. In their stead, new crops such as celery 

was introduced on the farm. The crop areas and water 

use are represented in Table 4.6: 

TABLE 4.6: VOLUME OF WATER USED FOR IRRIGATION 
(PHASE II) 

CROPS UNIT AREA IRRIGATION TIME (mins DIS- VOL(!ME 0§ 
Growing Contact CHARGE WA~ER (M J TYPE (M2) A Period. B Time C L/S A X B XC 

Celery 403.3 90 74 2.6 6 o.lllY.10 m 

Toma--
l • .53xlo

6m3 
toes 1980.9 135 

1 
138 2.6 

The total volume of water utilized for irrigation, 

therefore between October, 1990 and March, 1991 was 

estimated to be tQe sum total of water used in the 

cultivation of all the identified crops within the period 

as shown in Table 4.7. 

3 
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TABLE 4.7: ESTIMATION OF THE TOTAL VOLUME OF 

IRRIGATION WATER USE BETWEEN OCTOBER 

AND MARCH 

Crops. 

Carrots 

Leek On:ions 

Le;ttuce 

Tomatoes 

Celery 

Total Vol. of Water 
Used 

ation Water Use 

0.079 

0.033 

0.164,_ 

2.71 

0.111 

6 3 
3.097 x 1o·m 

6 3 
X 10 ID 

4.4 THE SOIL AS A RECIPIENT OF IRRIGATION WATER 

The soils in the crop fields were investigated 

using :field techniques to determine the textural clas·ses 

of the soils in which the crops were cultivated. Field 

technique :for ·textural examina tion invol ves the making 

of shapes with soil samples until a given shape is 

obtained, beyond which no other shape can be acpieved. 

The result of the field exercise is summarised in Table 

4.8. 
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TABLE 4.8 

CROPS 

Carrot 

Leek onion 

Lettuce 

Tomatoes 

CROPS AND SOIL TYPES 

SOIL TYPES 

Sandy loam 

Loam 

Sand/Loamy Sand/Clay Loam 

Sand/Loamy Sand 

74 

Soil samples were collected from ·the crop fields 

·at various points to obtain a representative sample 

of soil character horizontally (spatially) and verti

cally (depths at O - 10cm and 10 - 30cm)identified as 

the effective rooting zone. Samples were collected 

for a three day period in order to d~termine the full 

poiht and the ref:illing point for each or the crops. 

The mean field moisture values for the various crops are 

presented in Table 4.9 a - d. Detailed information is 

available in Appendix 3. 

TABLE 4.9(b): MEAN MOISTURE VALUES FOR CARROT 

DEPTH DAY 1 DAY 2 DAY 3 
CM 8w 8v Qw Gv Gw Gv 

0 - 10 16.55 39.15 11.87 29.11 8.20 20.35 

10-30 17.82 20.7 14.57 17.30 11.97 14.34 
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TABLE 4.9(b): MEAN MOISTURE VALUES FOR LEEK ONIONS 

DEPTH DAY I DAY 2 DAY 3 
CM Qw Qv Gw Gv Gw Gv 

0 - 10 22.54 51.09 19.88 45.45 16.47 38.87 

10 - 30 18.52 21.51 17.19 20.22 15.44 18.45 

TABLE 4.9(c): MEAN MOISTURE VALUES FOR LETTUCE 

DEPTH DAY I DAY 2 DAY 3 
CM ew Gv Gw Gv Gw Qv 

0 - 10 15.31 36.64 10.39 25.97 6.67 17.20 

10 - ::30 16.87 19.70 12.19 14.96 7.81 9.98 -
TABLE 4.9(d): MEAN MOIS_TURE VALUES FOR TOMATOES 

DEPTH DAY I DAY 2 DAY 3 
CM Gw Av Gw Gv @w Qv 

0 - 10 15.07 35.07 8.45 21. 59 5.05 13.31 

10 - 30 6.66 8.32 4.46 5.74 2.96 3.88 

The moisture content on the crop fields were found 

to deplete over time as shown on Table 4.9 A - D. This 

relationship is further illustrated in fig. 4.6a-d, 

using trend curves to show variation in moisture content 

over the days and at the two depths (0 - 10cm and 

10 - 30 cm). 
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CHAPTER FIVE 

DISCUSSION OF RESULTS 
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This chapter discusses the results of the research 

findings and attempts an evaluation of the key issues 

identified in the course of the research. 

5.2 INTERVIEW WITH THE FARMER 

An oral interview conducted with the farmer revealed 

that he started cultivating the irrigated farm at the 

beginning of the dry season (October 16, 1991) and that 

he hoped to stop watering the farm by March when the 

rains commence. Though, actual irrigation exercise 

commence by October, crops are put in nurseries in Septem-

oer," as the amount of rainfall decreases. Depending on 

the type of crop and its growth pattern, as identified 

in Table 4.2, transplanting is done in three phases 

September, Novemarer/ December, and January/February. The 

-farmer went further to explain that crops are :j_nter

cropped in such a way that those with short growing period 

are mixed with those with long harvest time, otherwise, 

referred to as the. major crop. The area of land put into 

cultivation for these major crops and number of transplants CODESRIA
-LI
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are testimonies of their importance, for instance, 

tomatoes. In the study site, the area devoted to 

tomato cultivation was 1449.3m2 as in Table 4.4 and 

was to ·expand into other areas as the crops cultivated 

in them were harvested as Table 4.6 illuminates. The 

reason given by the farmer for the inter/mixed cropping 

practice was that the secondary crops provide the 

initial revenue,as the major crop matures to offset 

farming expenses. On the use of ash, the farmer 

explained that it gave cohesion to the soil 1 therefore 

tend to enhance the water holding capacity of ·the soils; 

while enriching the soil with organic matters. 

Though, the farm was watered every Wednesday and 

Saturday while high labour cost was incurred on farm 

labour, the harvest as recorded from last year 9 s 

(1991) as in Table 4.3 indicated a satisfactory benefit

cost ratio. 

5.3 CONSIDERATION ON TOTAL VOLUME OF WATER USE 

The application of water starts with the pumping 

of water into a major canal - about 30 cm wide - upslope -

then allowed to flow into the secondary canals by 
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gravity (See Plate 5.2). The water is made available 

on the farm using mechanical pump as shown in Plate 5.3. 

With the aid of the pump, it was possible to lift water 

farther away from the floodplain (Fig. 4.4), thus pro

viding extensive land area for irrigated agriculture and 

an increase in water use as typified by Table 4.5, 4.6 

and 4.7. For the period under study, the total volume 

of water used to produce the various crops as in Table 

6 3 
4.3 was 3.097 x 10 m (See Table 4.7). Table 4.7 also 

estimated the amount of water actually used for each 

crop field. 

5.4 THE SOIL AS A MOISTURE MEDIUM 

The results obtained in the field work revealed 

that the soil types for the various crop fields differed 

as in Table 4.8 hence their varying càpacities to 

retain water as exemplified in Table 4.9 A - D and Fig. 

4.6 A-D. However, the result of the T-test aimed at 

determining the difference in the moisture content over 

the irrigation interval for the different crops with 

depths was significant at 0.01% and 0.05% levels for the 

Leek Onion, Lettuce and Tomatoes fields (See Appendix 

4 A-D). The result of the test for carrot field was not 
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.· Plate 5. 3: Showing a mechanical pump lifting water 
into the Farm. 

Source: Author's Field.Survey 1991. 
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significant sugge~tin~ thai there was no significant 

differehce in the moisture content over the irrigation 

interval with depths. The results for the various 

crops are confirmations of the inferences drawn in 

Fig. -4. 6 A - D. Having the test result as a back~up, 

the 'no difference 1 in the moisture content at depth 

for carrot reflects the texture of the soil type -

s.andy loam - found on the field. It is coarse textured 

and allows water to infiltrate by gravity. Enhanced 

by its good structure, the gravitational force conti

nues through the sub soil. The depletion curve 

(F.g 4.6a) suggests that the soil is deep while drainage 

is rapid. For root crops such as carrot, it creates 

allowance for root development •. 

The significant differences in the moisture con

tent with depth for the other crops including leek, 

lettuce and tomatoes shall be'explained accordingly. 

For the leek onion, the basic soil type was loam which 

is medium textured, while the underlying subsoil at 

30cm depth was loamy clay. Though, a deep soil, the 

clay content of the soil disallowed free passage of 

water, hence much was lost by capillary attraction. 

/ 

CODESRIA
-LI

BRARY



82 

The lettuce field contained find sand, therefore, a 

high infiltration rate, while at the subsurface depth, 

the sandy content gave way to clay loam. Similarly, 

the tomatoes field exhibited ,a high infiltration rate 

because of the presence of sand, and loamy sand on the 

top soil, while the sub-soil was underlain by boulders 

and plutonic rock surfaces, hence characterised by 

shallow soils. This is in agreement with fig. Sa and 

·sb whereby the contact time during water application 

was relatively small. Its drainage characteristic. 

was enhanced by slope conditions accelerated by the 

underlying impervious rock sur:faces. 

Gènerally, the moistûre content in the various 

crop fields was i~fluenced by managemènt practicet, 

Whereby ash used in the farm irtcreaséd the organic 

matter content of the top soil, hence played a major 

role in the soil structure as well as water retention. 

However, climatic factors including evapotranspiration 

and wind velocity had some effect on the moisture 

retained on the top soil. 

Nevertheless, the available water for the 

different crop fields was calculated as the, difference 
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between moisture content (volumetric percent) of the 

full point and the refilling point, determined on mean 

value basis for the entire effective rooting zone (0-

30cm) as in Table 5.10. 

TABLE 5.10: AVAILABLE WATER AT FULL POINT 
FOR THE CROPS 

FULL REFILLING AVAILABLE 
CROP POINT POINT WATER MM/M 

Carrot 29.92 17.34 12.58 

Leèk On.ion 36.30 28.66 7.64 

Lettuce 28.17 13.59 14.58 

Tomatoes 22.01 8. 59 13.42 

The relationship in the ava:i.lable water capacity 

of the different crop fields was illustrated in Fig. 

5.7. 

When compared with Fig. 4.5a. and band Fig. 4.6 

A - D, the relationship in the available water capac~y 

is illuminated, suggesting that the different crops 

have different water capacity, therefore, different 

water use. Several reasons account for this relation

ship including soil texture, depth, slope, climatic 
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factors and management practice. However, the ANOVA 

test on the difference in the water use of the crops 

was not significant.at both 0.01 and 0.05% levels (see 

appendix 5). The result can be explained by the manage

ment practice of the farmer perfected over time, whereby 

the respective fields were watered on the same day, 

irrespective of the varying factors earlier identified. 

CODESRIA
-LI

BRARY



85 

~~d Leek Qnions 

ITJiill Car rots 

.Lettuce 

Oromatoci:s 
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CHAPTER SIX 

SUMMARY AND CONCLUSION 

6.1 OVERVIEW OF THE STUDY 

86 

Irrigated agriculture is radically being trans

formed on the Delimi floodplain. Among the various 

innovations made, there is a general shift in the 

method of water lifting and application from the 

traditional shadoof system to the use of mechanical 

pumps which bring more areas farther away from the flood-

plain under cultivation. These developments demand an 

understanding of water use :for irrigation, which should 

begin by trying to decide how much water is needed by 

the various cro~s and th~n supplying that need~ 

This study~ therefore 1 sought to prmvidè answers to 

two question8 in irrigation managément, namely1 

a) when to irrigate the various crops 

b) how much water was applied to the various crop 

fields. 

To achieve the desired aims of the study, data was 

collected from both primary and secondary sources. In 

collecting primary data, a farm site was chosen. Data 

was consequently collected on soil samples over a three

day irrigation interval. The total volume of water 
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applied was equally measured over a thirty-day period 

to ascertain the irrigation time, discharge and area of 

the different crop fields. Secondary sources of data 

were also consulted, including an insight into the 

environmental conditions which constitute necessary in

puts in the study of irrigation water use in the area. 

The bulk of the data collected were summarized 

using several methods including percentages,' tables, 

and graphs. To test the :first hypothesis on whether 

there was any significant differences in the moisture 

content over the irrigation interval for the different 

crops at depths, the student 1 t 1 w~s employed~ whilè on 

the second hyp<?thesis testing the di:f:ference in the 

water use of the di:fferent crops., the Analysis of Variance 

(ANOVA) was used. 

6.2 SUMMARY OF THE RESULTS 

The results of the present investigations have 

revealed that: 

1. The volume of water made ayailable to the crop 

fields, varied. Carrot with an area of 276m2 

representing 11.6% of the total farm area was 
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6 3 
applied 0.079 x 10 m of water, while Leek Onion with 

an area m2 6 3 of 127.3 (5.3%) had 0.033 x 10 m of water. 

2 Also, the Lettuce field which made up 531.6m represen-

ting 22.3% of the total crop area had 0.164 x 106 m3 of 

water made available toit. Tomatoes with an area of 

2 1449.3m being 60.8% of the total cropped area in the 

farm was applied 1.18 x 106 m3 of water. However, the 

volume of water applied to the Tomato field increased to 

' 6 3 1.53 x 10 m because of its introduction in the Lettuce 

field when it was harvested; bringing the total cropped 

area for Tomato to 1980.9m2 • 

a 1 new crop 1 ·.was introduced irt place of Carrot and Leek 

Onion harvested. The volume o:f water e.pplied to ·this 

· 2 · 6 3 
field (403.3m) was 0.1 x 10 m .calculated for the 

whole of the dry season. 

2. Variations exist in the soil characteristics for the 

different crops. While carrot was cultivated in a sandy 

loam soil, Leek Onions was planted in loam. On the 

other hand, lettuce was cultivated in a wider range of 

soil types, including sand, loamy sand and some skeletal 

clay loam soils. Tomatoes were noted to be dominantly 
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cultivated in sand and loamy sand. These variations 

were reflected on the contact time in water application 

for each of the crops. Carrot with a medium textured 

soil type recorded a contact time o~ 77 minutes, while 

it took 71 minutes to irrigate the Leek onion. 132 

minutes was taken to irrigate the Lettuce crop field and 

could be explained by the areal extent and depth of the 

soil in someparts of the field. On the other hand, the 

shallow depth of soil in the tomato field together 

with the high infiltrability of the soil types - sand and 

1oamy sand ·- gave an irrigation timeof 145 niinutes, 

despite its relatively large areal extent. 

With the varyirtg contact time for the different 

crops influenced principally by the soil iharacteristiœ 

and to a lesser degree, by the area of crop field, the 

moisture retention capacity of thesoils in the various 

fields were found to vary between irrigation. For the 

carrot, the amount of moisture depleted from·29.92mm 

on the first day to 17.34mm on the last day considered 

to be the 9wilting thresholdV for carrot. On the other 

hand, the full and refilling points for the Leek onion 

was 36.30mm and 28.66mm respectively, while the value 
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for lettuce on the first day after irrigation was 

28. l 7mm. This amount depleted to a wil ting threshol·d 

value of 13.59mm on the third day prior to irrigation. 

The difference in moisture content was most glaring 

in the tomato field, irrigated on the first day to 

22.01 full point level. On the third day, much of the 

moisture had depleted to a low of 8.59mm. The implica

tion is that the water use of the various crops differ 

hence should require different irrigation scheduling. 

This is re:flècted in the available water capacities 

for the various crops. Carret requires 12.58mm/m 

volume of water to reach the full point while leek 

requires only 7.64 mm/m. Lettuce and Tomatoes heed 

14.58mm/m and 13.42mm/m of water to reach their respec

tive full points. 

3. Based on the 1991 harvest, the amount of yield for the 

various crops were given as follows: 

*Carrot 250 baskets *Leek Onions - 110 dozen 

*Lettuce - 3200 baskets *Celery 

*Cabbages - 10 bags. 

- 50 baskets 
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6.3 CONCLUSIONS 

Based on the objectives of the study, the nature of 

data collected and analysis carried out, the ~ollowing 

conclusions were reached: 

1. Given the area for the different crops, irrigation 

frequency and growing periods of crops, the total 

volume of water used for irrigation during the dry 

season (October to March) for the farm site with a 

total area of 2384m2 was estimated to be 3.097 x 106m3 • 

2. Though the various crops have different refilling 

points, beyond which crops may wilt, the irrigation 

frequency was found to be insigni:ficant. This 

f~nding is buttressed by the mixed cropping practice 

in the si te where all the crops are wa·tered the same 

day. 

3. Given the yield, irrigation is construed to have a 

significant input in agricultural production, 

particularly with the availability of water in the 

Delimi river all year round that can sustain 

agricultural activity even in the face of a drought 

event. 
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6.4 SUGGESTIONS FOR FURTHER STUDIES 

Though this study_ looked at irrigation water use, 

the conclusions reached may not be wholly representa-

tive due to lack of time. Furthermore, the methods used 

may not have given the desired results. For instance, 

it would have been possible to set up an experimental 

plot in order to actually identify the full capacity 

and the wilting point for the various crops. However, 

it is suggested that similar researches should be carried 

out elsewhere to confirm the results 6btained ànd to 

improve on the study. 

Nevertheless, several areas for furthe~ investiga

tioh have beèn suggested. 

l. An urgént research need is required on Irrigation 

water quality, its effects on plants groWth and 

human pathology. On my part,. attempt was made to 

analyse some water samples to determine. its good

ness in the cultivation of vegetables. Unfortunately 

the result was not reliable due to lack of good 

equipment and staff to conduct the analysis. The 

importance of this research need is borne out of the 
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fact that the water used in the cultivation of the 

crops on the Delimi river flows through the Jos 

metropolis. A lot of waste including domestic 

(urine, kitchen oil, laundry, bath) greases from 

mechanics, petroleum products and solid waste 

are all components of the water. The implication 

is that when these crops watered with it are 

consumed, various toxic elements including lead 9 

selenium etc could be injurious to health. As a 

matter of fact, the colour of the water is dark 

brown, turbid and sometimes exude pungent odeur. 

2. Another area of research tha't requires attention 

is irrigation water use during the vàrious stages 

of crop 1 s growth. 

~. O:f equal consideration is benefit-cost analysis 

and e:fficiencies o:f irrigation water use. 

4. Lastly, the importance of water in agriculture can 

stimulate a research on irrigation water use 

and yield. CODESRIA
-LI
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APPENDIX 1. 

RATE OF FLOW OF WATER INTO THE FARM 

AT FULL CAPACITY 

103 

To determine the amount of water made available 

per second in the farm, a bucket was used. The dimen

sions were as follows: 

Upper diameter = 28cm 

Upper radius ( Ur) = 14cm 

Lower diameter = 17cm 

Lower radius ( L:;c) = 8.5cm 

Hèight = 25cm 

-2 llr u == 

'ITr2 == 
L 

2 3.14 X 14 = 615cm2 

2 2 
3.14 x 8.5cm = 226cm 

2 2 (615 + 226)cm ~ 2 = 420cm 

,Y Total volume of the buckeO 

420 cm2 x H(25cm) = 1050 2 cm 

= 10.5 litres 

Rate of flow of water from the mechanical pump deter-

mined using a stop watch 

Dis charge = 10.5 
-4-

== 4 seconds. 

= 2.6 litres/second 
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APPENDIX 2 

AVERAGE IRRIGATION TIME FOR THE PLOTS 

DATES CROP TYPE TIME OF IRRIGATION DURATION SIZE 

20/l_l/9l'Lettuce 9.05 11.19 2.14 hours 531. 6m 2 - a,m. 

23/11/91 " 8.47 - 10.59 a.m. 2.12 hours 

30/11/91 Il 9.45 - 12.00 a.m. 2.15 hours 

4/12/91 " 8.32 - 10.49 a.m. 2.17 hours 

7/12/91 " 9.20 - 11.30 a.m. 2.10 hours 

11/12/91 Il 10.45 - 12. 59 p.m. 2.14 hours 

14/12/91 Il 8.00 - 10.08 a.m. 2.08 hours 

- time (Irrigatn)2.12 hours X 

20/11/91 Leek Ortions 11.20 - 12.34 1.14 hou~cs 1·27 .3m 2 p.m. 

23/11/91 Il " 11.16 - 12.19 p.m. 1.09 hours 

30/11/91 Il Il 9. 57 - 11.07 a.m. 1.10 hours 

7/12/91 " Il 1.50 - 3.00 p.m. 1.10 hours 

4/12/91 11 11 10.50 - 12.03 pm· 1.13 hours 

11/12/91 11 Il 2.56 - 3.29 p.m. 1.13 hours 

14/12/91 Il Il 10.09 - 11.18 a.m 1.09 hours 

18/12/91 Il Il 3.30 - 4.45 p.m. 1.15 hours 

Mean Irrigation 
Time 1.11 hours 
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APPENDIX 2 CONTD. 

DATE CROP. TYPE TIME OR IRRIGATION DURATION SIZE 

20/11/91 Carrot 12.34 - 1.53 1.19 hrs 276m 2 

23/11/91 Il 12.20 - 1.37 1.17 hrs 

30/11/91 Il 11.07 - 12.20 1.13 hrs 

4/12/91 Il 12.03 - 1. 23 1.20 hrs 

7/12/91 Il 3.00 - 4.15 1.15 hrs 

11/12/91 Il 3.29 - 4.08 1.19 hrs 

14/12/91 Il 11.18 - 12.33 1.15 hrs 

18/12/91 Il 4.45 - 6.05 pro l.20 hrs 

x 1.17 hrs --------
(b) (a) 

2 624m2 2 
SIZE 825.3m + = 1449. 3m. 

20/11/91 Tomatoes a) 1.53 - 2 •. 58 · J.,; os hrs 

b) 2.58 - 4.33 1. 35 hrs 2.40 hrs 

23/11/91 Il a) 1.40 - 2.30 0.50 hrs 

b) 2.30 - 3.48 1.18 hrs 2.08 hrs 

30/11/91 Il a) 2.09 - 3.01.hrs 0.52 hrs 

b) 3.01 - 4.21 hrs 1.20 hrs 2.12 hrs 

4/12/91 Il a) 2.01 - 3.01 1.00 hr 

b) 3.05 - 4.44 1.39 hrs 2.39 hrs 

7/12/91 Il a) 11.32 - 12.22 0.50 hrs 

b) 12.22 - 1. 42 1.20 hrs 2.10 hrs 

11/12/91 Il a) 4.07 - 5.07 1.00 hr 

b) 1.20 - 2.57 1.37 hrs 2.37 hrs 

14/12/91 Il a) 1.08 - 2.01 0.53 hrs 

b) 2.03 - 3.21 1.18 hrs 2.11 hrs 

1s/12/91 Il a) 12.00 - 1.03pm 1.03 hrs 

b) 1.04 - 2.44 1.40 hrs 2.43 hrs 

-X ~=~~ hrs 
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APPENDIX 3 

MOISTURE CONTENT VALUES 

DAY ONE (FULL POINT) 

CROP TYPE DEPTH V.Jw Gw % Gv % 

A Carrot 1 0 - 10 100 90.0 11.11 27.77 

10 - 30 " 90.0 11.11 13.88 

2 0 - 10 Il 83.0 20.48 47.21 

10 - 30 Il 80.0 25.0 27.77 

3 0 - 10 Il 84.7 18.06 '42.49 

10 30 " 85.2 17.37 • 20.55 -
B Le Onion 1 0 10 Il 82.3 21.50 49 .15 

10 - 30 " 86.0 16.27 19.43 

2 0 - 10 " 81. 5 22.69 51.36 

! J.O - 30 " 78.8 35.31. 28.05 

3 0 - 10 Il 81.0 23.45 52.76 

10 - 30 Il 87.7 14.00 17.05 

C Lettuce 1 0 - 10 " 84.0 19.04 44.42 

10 - 30 Il 80.0 25.0 27.77 

2 0 - 10 Il 90.0 11.11 27.75 

10 - 30 " 82.0 21.95 24.99 

3 0 - 10 Il 90.0 11.11 27.75 

10 - 30 " 85.0 17.60 20.77 

4 0 - 10 Il 84.0 19.04 44.42 

10 - 30 Il 90.0 11.11 13.88 

5 0 - 10 " 86.0 16.27 38.86 

10 - 30 ,, 92.0 8.69 11.10 
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APPENDIX 3 CONTD. 

DAY ONE (FULL POINT) 

CROP TYPE/DEPTH Ww(g) Wd(g) Gw(%) Gv % 

-
' 

D Tomatoes 1 0 - 10 100 83.0 20.48 47.21 

10 - 30 Il 90.0 11.11' 13.88 

2 0 - 10 Il 93.7 6.72 17.49 

10 - 30 " 90.0 11.11 13.88 

3 0 - 10 11 81.0 23.45 52.76 
! f 

10 30 Il 90.0 1 11.11 13.88 - l 

4 0 - 10 " 90.0 1 11.11 l 27.77 
.t ! ' " l 

j 

10 - 30 Il lo 0 ! 0 

' 
5 0 - 10 " i 88.0 13.63 33031 

10 - 30 " 1 0 --l 0 0 
i ·----

DAY TWO 

CROP .TYPE/DEPTH Ww(g) Wd(g) Gw % Gv % 

A Carrot 1 0 - 10 100 92.4 8.22 21.0 

10 - 30 100 93.6 6.83 8.87 

2 0 - 10 100 91.0 9.89 24.99 

10 - 30 100 82.0 21.95 24.99 
--

3 0 - 10 100 85.l 17.50 41.36 

10 - 30 100 87.0 14.94 18.05 
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CROP TYPE DEPTH 

B. Leek Onion 1 0 - 10 

10 - 30 

2 .0 - 10 

10 - 30 

3 0 - 10 

10 - 30 

c. Lettuce 1 0 .... 10 

10 30 

2 0 - 10 

10 - 30 

3 0 - 10 

10 - 30 

4 0 - 10 

10 - 30 

5 0 - 10 

10 - 30 

D. Tomatoes 1 0 - 10 

10 - 30 

2 0 - 10 

10 - 30 

3 0 - 10, 

10 - 30 

Ww 

100 82.5 
Il 86.5 

" 82.1 

Il 81.4 

Il 86.3 

Il 88.4 

" 88.0 

Il 85.8 

" 94.6 

" 89.0 

Il 89.9 

Il 86.5 

Il 88.7 

" 91. 8 

" 92.0 

" 93.0 

" 92.0 

" 91. 8 

" 93.9 

Il 92.1 

Il 90.0 

" 95. 4 
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APPENDIX 3 CONTD. 

Gw % Gv % 

21.21 48.60 

15.60 18.74 

21.80 49.71 

22.85 25.83 

15.87 38.04 

13.12 16,10 

13~63 33.31 

16.55 19.72 

5.70 14.97 

12.35 15.26 

11.23 28.04 

15.60 18.74 

12.73 31 .• 36 

8.93 11.38 

8.69 22.20 

7.52 9'.. 71 

8.69 22.20 

8.93 11.38 

6.49 16.92 

8.57 10.96 

11.11 27.77 

4.82 6.38 
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DAY TWO CONTD. 

CROP TYPE/DEPTH Ww(q) Wd(g) Gw % Gv % 

D. Tomatoes (contd) 
( 

4 0 - 10 100' 92.4 8.22 21.0 

10 - 30 " 0 0 0 

5 0 - 10 " 93.0 7.52 19.42 

10 - 30 " 0 0 0 

DAY THREE (REFILLING POINT) 

CROP TYPE,LDEPTH Ww(a) Wd'q AW % 8v % 

Carrot 1 0 - 10 100 9.5 5.26 13.88 

10 - 30 Il 97 :i.09 ·4.16 

2 0 - 10 Il 97 3.09 8.32 

10 - 30 Il 83 20.48 23.68 

3 0 - 10 Il 86 16.27 38.86 

10 - 30 " 89 12.35 15.26 

Leek 
Onion 1 0 - 10 Il 83 20.48 47.21 

10 - 30 " 88 13.50 16.50 

2 .o - 10 " 84 19.04 44.42 

10 - 30 Il 83 20.48 23.60 -~ 
3 0 - 10 " 91 9.89 24.99 

10 30 " 89 12.35 15.26 

Lettuce 1 0 - 10 " 92 8.69 22.20 

10 - 30 fi 92 8.69 11.10 

2 0 - 10 " 97 3.09 8.32 
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DAY THREE (REFILLING POINT) CONTD. 

CROP TYPEIDEPTH Ww(q) Wd(q) Gw % Gv% 

:n:..ettuce (contd.) 

10 - 30 100 95 5.26 6.94 

3 0 - 10 " 91 9. 89 24.99 

10 - 30 " 89 12.35 15.26 

4 0 - 10 " 93 7.52 19. 42 

10 - 30 " 94 6.38 8.32 

5 0 - 10 " 96 4.16 11.09 

10 30 Il 94 6038 8032 

Tomatoes 1 0 - 10 Il 97 3.09 8.32 

10 - 30 
,, 93 7.52 9,71 î 

! 
2 0 - 10 " 94 6.38 16.65 

10 - 30 Il 95 5.26 6.94 

3 0 - 10 Il 96 4.16 11.09 

10 - 30 " 98 2.04 2.77 

4 0 - 10 " 95 5.26 13.88 

10 - 30 " 0 0 0 

5 0 - 10 " 94 6.38 16.65 

10 - 30 " 0 0 0 
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MEAN MOISTURE VALUES 

DAY ONE (FULL POINT) 

CROP TYPE/DEPTH 

Carrot 

Leek 

0 - 10 

10 - 30 

0 - 10 

10 - 30 

Lettuce O - 10 

10 - 30 

Tomatoes O - 10 

10 30 

DAY TWO 

CROP TYPE/DEPTH 

Carrot O - 10 

Leek 

10 30 

0 - 10 

10 - 30 

Lettuce O - 10 

10 - 30 

Tomatoes O - 10 

10 - 30 

ew % 

16.55 

17.82 

22.54 

18.52 

15.31 

16.87 

15.07 

6.66 

Qw % 

11.87 

14.57 

19.88 

17.19 

10.39 

12.19 

8.45 

4.46 

1 
1 
i 

Gv % 

39.15 

20.70 

51.09 

21.51 

36.64 

19.70 

35.70 

8.32 

Ç) V % 

29.11 

17.30 

45.45 

20.22 

25.97 

14.96 

21.59 

5.74 
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APPENDIX 3 CONTD. 

DAY THREE (REFILLING POINT) 

CROP TYPE/DEPTI-1 Gw % Gv % 

Carrot 0 10 8.20 20.35 

10 - 30 11.97 14.34 

Leek 0 - 10 16.47 38.87 

10 - 30 15.44 18.45 

Lettuce 0 - 10 6.67 17.20 

10 - 30 7.81 9.98 

Tori1atoes 0 - 10 s.os 13.31. 

10 - 30 2.96 3.88 
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APPENDIX 4. 

HYPOTHESES TESTING 

HYPOTHESIS ONE: There is no significant difference 

in moisture content over the irrigation 

interval for the different crops at 

depths of O - 10 and 10 - 30cm. 

To determine the relationships, the student it 1 

test was employed as the statistical technique. The 

formulais given thus: 

- -t = X ~ a 

J 
~2 + .. 2 
Ja 6.b 

na nb 

where xa = values :fr,r 0 - 10 crn 

xb = values :for 10 - 30 cm. 

A. FOR CARROT 
- xb xa 

27.77 13.88 

47.21 27.77 

42.49 20.55 

21.00 8.87 

24.99 24.99 

41.36 18.05 

13.88 4.16 

8.32 23.60 
38.86 15.26 

~265.88 157.13 
x 29.54 17,.45 

62 187.34 59.86 
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APPENDIX 4 CONTD. 

To calculate vti 

t 

Df 

= 

29.54 - 17.45 

187.34 + 59.86 
9 9 

29.54 J 20. 8 + 

17.45 
6.65 

t = 2.31 

= n + n 2 
xa Xb 

= 12.09 
5.23 

= 9 + 9 - 2 = 16 

Critical Value of t at 0.01% = 2.58 

0.05% = 2.92 

Concluiion: Since the calculated t (2.31) is less 

than the critical values of t at 0.01 

(2.58) and 0.05% (2.92), the null hypo

thesis which states that there is no 

significant relationship in the moisture 

content over the irrigation interval for 

carrots at depts of O - 10cm and 10 - 30 

cm is accepted. 
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B. FOR LEEK ONIONS - -
Xa Xb 

49 .15 19;43 

51.36 28.05 

52.76 17.05 

48.60 18.74 

49.71 25.83 

38.04 16.10 

47.21 16.50 

44.42 23.60 

24.99 15.26 

406.24 180.S6 
-
X 45.13 20.06 

t,T2 75.86 21. 53 

t = 45.13 20.06 

J 75.86 21. 53 + 
9 9 

t = 7.64 

Df = Dxa + Dxb 2 = 9 + 9 - 2 

Critical Value of t at 0.01% = 2.58 

0.05% = 2.92 

= 25.07 
3.28 

= 16 
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Conclusion: Since the calculated t (7.64) is greater 

than the critical values of t at 0.01 

(2.58) and 0.05 (2.92) the H0 which states 

c. FOR 

that there is no significant difference in 

the moisture contentover the irrigation 

interval for leek anions at depths of 

O - 10 and 10 - 30cm is rejected. The 

alternative hypothesis indicating a signifi

cant relationship is accepted. 

-LETTUCE: Xa Xb 

44.42 27.77 

27.75 24.99 

27.75 20.77 

44.42 13.88 

38.86 11.10 

33.31 19.72 

14.97 15.26 

28.04 18.74 

31.36 11.38 

22.20 9.71 

22.20 11.10 

8.32 6.94 

24.99 -15. 26 

19.32 8.32 

11.09 8.32 
:;:399.00 223.26 

- 26.6 14.88 X 

() 2 118.72 39.95 
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t = 

Df = 

26.6 

)
. 118. 72 

15 

3.61 

14.88 

39.95 
15 
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= 11.72 

2 15 + 15 - 2 = 28 

Critical value of t at 0.01 = 2.46 

0.05 

C6nclusion: Sincé the calculated t (3.61) is greater 

than the critical ~alues at 0.01 (2~46) 

and o.os (2.76), then Ho which states that 

thera is nci significarit rœlationship is 

the moisture content over the irrigation 

interval for lettuce is rejected. The H1 

which indicates a significant relationship 

is accepted. 

CODESRIA
-LI

BRARY



APPENDIX 4 CONTD. 

- -FOR TOMATOES: Xa Xb 

47.21 13.88 

17.49 13.88 

52.76 13.88 

27.77 0 

33.31 0 

22.20 11.38 

16.92 10.96 

27.77 6.38 

21.64 0 

19.42 0 

R.32 9.71 

16. 6.$ 6.94 

11.09 2.77 

13.88 0 

16.65 0 

353.08 89.78 

-X 23.53 5.98 
2 158.78 34.36 

t = 23.53 5.98 = 17.55 

J 158.78 + 34.36 
. 15 15 

3.57 

t = 4.91 
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APPENDIX 4 CONTD. 

Df = 2 = 15 + 15 - 2 = 28 

Critical value of t at 0.01 

0.05 

= 2.46 

= 2.76 

Conclusion: Since the calculated t (4.91) is greater 

than the critical values at 0.01 (2.46) 

and 0.05% (2.76), the Ho which states 

that there is no significant relationship 

in the moisture content over the 

irrigation. interval for toma·toes is 

rejected. The H1 which irtdicates a 

significant relationship is accepted. 
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HYPOTHESIS 2 

Ho: There is no significant difference in the water 

use of the different crops. 

The Analysis of Variance was used to determine 
" 

the relationships. 

------------.-----·--·------ -·----·----·-· •.. ------
---'C"-"A=R=R=O.:;..T.;;;._ ___ -+----L_E_E;.a.,K"-------+-__;;;La.;;E_T.;.,.;;cT1pCE ----·· .. TOMATOES __ 

A A
2 

B B
2 

C c 2 
D D

2 

39.15 1532.75 51.09 2610.18 36.64 1342.48 p5.70 1274.49 

20.70 428.49 21.51 462.68 69.22 

29.11 

17.30 

20.35 

14.34 

847.39 

299.29 

19.70 
1 

388.b9 8.32 

45.45 2065.70 1 25.97 ! 674.44 i21.59 466.12 

20.22 408.84 114.96 1 223.80 5.74 32.94 
1 

414.12 38.87 1510.87 1 17.201 295.84 ~3.31 177il5 

205.63 18.45 340.40 1 9.9Bj 99.6013.88 15.05 

_1_4_o_._9_s_,_._3727.6:_~195. 59 _ _!.398· 67 .J:1.24. 4s.J=m24. 2s _E· ~ 2034~ 
Total sum of Squares = 

2 = 16185.59 - (549.53) 
24 

= 16185.59 - 12582.63 

= 3602.96 

Between sum of squares 

= 
(Ex)2 

n 

(140.95)
2 

+ (195.59)
2 + (124.45) 2 + (88.59) 2 

6 6 6 6 - 301983.22 

= 3311.15 + 6375.90 + 2581.30 + 1308.03 

= 993.75 

24 

12582.63 
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Within Sum of Samples = 

2 
3727.67 3311.15 xa = 

Ex2 -

= 

(Ex)2 

n 

416.52 

121 

APPENDIX 5 CONTD. 

i = 7398.67 6375.90 = 1022.77 

x2 = 3024.25 2581.30 
C 

x2 
d = 2034.97 - 1308.03 

Wss = 416.52 + 1022.77 

= 2610 .18 . 

Degrees of 

Df = TSS 

BSS 

wss 

Mean Squares 

Freedom 

= N 

:::: K 

= N 

-

Between Mean Squares 

Within Mean Squares 

1 

l 

K 

:=, 

= 

= 

:::: 

-

= 443 .. 95 

= 726.94 

+ 443.95 + 726.94 

24 - 1 = 23 

4 1 = 3 

23 - 3 - 20 

993.75 = 331. 25 
3 

2610.18 = 130.S 
20 

Calculated F = Between Mean Sauares 
Within Mean Squares 

= 331.25 
130.5 

Calculated F = 2.53 

Total Value of Fat 0.01% = 4.93 

0.05% = 3.09 CODESRIA
-LI

BRARY



r: 

f 
! 

. Î 

1 
Conclusion: 

L 

1 

122 

Since the calculated F value (2.53) 
,.··, r 

lS; 

less th~n the Table value at 0.01 (4.A3) 

and a.os (3.09) levels, the Ho which 

states that there is no significant 

difference in the water use of the 

different crops is accepted. 

' •. ·.1.1 "\,. 
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