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ABSTRACT

Effictent and good water management strategy requires knowledge of crop water use of which
reference evapotranspiration (RET) and crop curves are important inputs. Field experiments on
bahama prass (gpodon dacivlon) were conducted to estimate consumptive use using one weighing
and four drainage microlysimeters. The grass was planted on 12m by 16m plot in which the
mecrobvsimeters were installed, The weighing microlysimeter was construction based on hydraulic
principles wsing mercury-in-glass manometer.  Its calibration was carmed out using a stabic load
process

Ten vears of climatic data were used to estimate reference evapotranspiration using the
following empirical methods, Penman (PEN), Jensen-Haise (J-H), Blaney-Criddle(B-C) and
Hargreaves (HG) models. The values obtained were compared to experimental values and were also
subjected to standard statistical analysis.

Crop curves were obtained from the ratio of lysimeter to reference evapotranspiration values
{using empirical formulae). The ¢rop curves were presented as a function of independent variables
which were Days After Planting (DAP) and Thermal Time {TT) . For the crop curves based on AP,
the coefficient of determination(R”) and standard errors {SE) in the crop coefficients (K.) estimates
were (.90 and 0.17 respectively for the J-H ; 0.90 and 0.09 for PEN; 0.8% and 0.07 for B-C; (.81 and

0,18 for HG, Based on TT method, R? and SE for J-H were 0.90 and 0.18 respectively, 0,90 and 0.09

for PEN; 0.89 and 0.07 for B-C; and 0.81 and 0.18 for HG

‘-}f’_“m ’

i 73



CHAPTER ONE

INTRODUCTION

Evapotranspiration (ET) is one of the major terms of soil water balance (Itier, 1994}, It is an
essential part of the hydrologic cycle and it provides a major mechanism for the redistnbution of
energy within an ecogystem and throughout the atmosphere (Blad, 1987) ET represents water loss,
waler unavanlable for exploitation by man and hence it plays and important role in waler resources
management { Ayoade, 1988).

The study of ET is particularly important in West Afiica since a large proportion of the area is
vegetated (Ojo, 1977). According to Ahmed and Ahmed (1989), the accurate estimation of crop ET
is prerequisite to effective water management, hydrological studies and irrigation scheduling and
design. A review of literature has clearly indicates a large number of methods for estimation of ET
These methods vary from simple empirical relationships to the complex methods based on physical
processes such as the Penman (1948) combination method  When the required data are available and
relighle, the Penman method is superior to all other methods (Amatya et al, I‘E-‘"?ﬁ‘il

Menteith {1965) further modified the Penman method by incorporating a stomatal resistance
{1} term specific to the type of crop m addition 1o the existing aerodynamic resistance term. This
formulation is the Penman - Monteith (PM) reference evapotranspiration model  The rehability of the
PM method for estimating reference ET (RET) has been extensively studied (Jensen et al 1990; FAQ,
1990; McMNaughton and Jarvin, 1984). Jensen et al (1990) reviewed methods for computing ET and

recommended the PM equation as presented by Allen et al (1989) as the preferred method for daily

reference ET.



Various methods of measuring ET are described by Hatfield (1988). Weighing lysimeter is
described as one of the most uc::umtf: mclmcrds of determining ET, Abtew and Hardee (1993)
designed a lysimeter which consisted of a circular polyethylene tank of 3,5m diameter and 90 cm
depth with 4.8mm thickness. Ekemn (1958) was known for constructing the first workable
hydraulic load cell lysimeter. Van Bavel (1966) used mini- or micro-lysimeters located between
crop rows to measure evaporation. Tanner (1967) described both weighing and non-weighing
lysimeters and their uses. He further stated their accuracy or sensitivity in fractions of a millimeter
of ET,

The main purpose of this research work is to determine experimentally the reference

evapotranspiration using micro lysimeters and comparing the results with four (4) different

methods of estimating reference ET as recoinmended by FAO.

l
1.1  Objectives % 1\

The specific objectives of this study are:

{i) To determine the reference crop evapotranspiration for bahama grass (eynddon dactylon)
using the drainage and weighing lysimeters.

{ii) To estimate the reference evapotranspiration using different empincal formulae.

(iii)  To compare the reference crop evapotranspiration estimated using different formulae with
those obtained by lysimetric measurements.

(iv)  To develop crop curves with different empirical formulae.

s



1.2  Justification of the Study

Knowing the amount of water directly evaporated from the soil or r.‘tm::ugll:l transpiration
from plant’s leal is a point of interest not only for agronomisis but also for meteorologists,
hydralogists and trrigation project managers (Itier, 1994), Although numerous studies have been
carried out on ET in the developed countries, few of these studies came from developing nations
such as Nigeria. A larper number of those few studies are concentrated on the evaluation of
potential ET (PET) in determination of consumptive use of swamp rice (Udeh, 1979); Cowpea
(Lawson, 1979); Cotton, Maize, groundnut and millet {Duru, 1979).

However, little attempt has been made to work on the evaluation of reference ET in
developing countries especially Nigeria. In the light of this, there is need for an accurate estimation
of reference ET under the Nigeria climatic conditions which can be subsequently used in the
evaluation of agﬁculmrﬂllc.ulcndar as well as in the activities of water resources management. This
studies on reference ET using an hydraulic micro-lysimeter is the first of its kind in the study area
and it will then serve as a new research tool upon which the interpretation of other ET expeniments

can be assessed for a better reliability.

1.3  Important Definitions of Evapotranspiration

Definitions according to Burman et al (1983) are extremely important in estimating ET
because consistency with respect to different reference crops is essential. ET is a compound term
describing the physical process of water transfer into the atmosphere by evaporation from soil and
transpiration through vegetation, It constitutes an important component of the hydrologic balance
(MeKenney and Rosenberg, 1993). ET according to Jensen (1974) is the process by which water 5

transferred from the earth’s surface to the atmosphere. It includes evaporation of liquid or solid

Ly



waler from soil and plant surface plus transpiration of liquid water through plant tissues expressed
as the latent heat transfer per unit area or its equivalent depth of water per unit area.

Some hydrological interpretation of ET is given as the Actual ET, Potential ET, Maximum
ET and Reference ET. The actual ET is defined as the amount of evaporation and trs:.nspim[iun that
oecurs over o vepetated area under the prevailing climatic conditions. Its values are controlled not
only by the prevarling climatic conditions but also by non-climatic factors Like soil and plant
characteristics (Avoade, 1988). Thornthwaite (1948) defined Potential ET as the loss of the
maximum amount of water to the mmn&p:]u:r:: from a fully moist and vegetated surface by the
process of evaporation and transpiration. Penman (1956}, using the term “Potential transpiration™
regards PET as “the amount of water transpired in unit time by a short green crop completely
shading the ground, of uniform height and never short of water.

Maximum ET (MET) accarding to Doorenbos et al (1980) refers to conditions when water
is adequate for unrestricted growth and development and it represents the rate of maximum ET of a
healthy crop, grown in large fields under optimum agronomic and imrigation mﬂnﬂéﬂmﬂﬂt- Two
definitions of reference ET are commonly used. Doorenbos and Pruitt (1977) defined reference ET
as “the rate of ET from an extensive surface of § to 15cm, green grass cover of uniform height,
actively growing, completely shading the ground and not short of water”, The second definition of
reference ET is based upon alfalfa {M:diu.ﬂgu Sativa L.) and was first proposed by Jensen et al
(1971). In their definition, RET represents “the upper limit or maximum ET that occurs under
given climatic conditions with a ficld having a well watered agricultural crop with an
aerodynamically rough surface, such as alfalfa, with 30 to 50 em of top growth™, Various forms of

ET are illustrated as shown in Fig.1.
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CHAPTER TWO

LITERATURE REVIEW

21 REVIEW ON LYSIMETRY

2.1.1 General Concept

Many observations of evapotranspiration are made in soil containers variously known as
tanks, evaporimeters, and lysimeters. The first two terms customarily refer to c::rnminv:rs with
sealed bottoms, while there has been an attempt to restrict the word lysimeter 1o the containers with
pervious bottoms or with a mechanism for maintaining negative pressure at the bottom (Linsley et
al, 1988),

Lysimeters are used to measure rates of evapotranspiration (Ayoade, 1988). They are tanks
buried in the ground to measure the percolation of water through the soils and they provide the
most reliable and sccurate method for the direct measurement of ET provided the necessary
precautions in its design operation and siting are taken (Qjo, 1977). A simple evapotransponmeter
was designed by Thornthwaite (1935) at the laboratory of climatology, Seabrook, New Jersey
(USA). The aim was to make an inexpensive instrument for measuring potential ET. It is being
used in West Africa, sometimes in a modified form (Ojo, 1977). :

Microlysimeters of various sizes have been put to use in various places. According to Oad
et al, (1997), in 1869 in Austria, small lysimeters (18.5cm diameter and of various depths) were

constructed and used: small floating hydraulic lysimeters (0.2 m” surface area and 1.5m deep) were



used in the former USSR in 1950s; and small weighing-type lysimeters (0.11m’ surface area and

depths of 0.6-1.2m} were used in England to estimate potential ET for grass and vegetable crops.

2.1.2 Various Forms of Lysimeter

There are two basic types of lysimeters (Ayoade, 1988), These are the weighing lysimeter

and the drainage lysimeter.

2.1.2.1 Weighing Lysimeter

The weighing lysimeter is a rather sophisticated piece of equipment consisting of a tank
filled with soil and vegetation similar to that in the surroundings and supported by a weighing
mechanism.  This involves various weighing principles and devices that are based on mechanical
weighing with varieties of scales and balances or electronic weighing with strain gauge load cells
or a combination of both, Iur finally on hydraulic weighing systems (James, 1988). l

The weighing lysimeters are used for measuring the actual ET as well as the potential ET.
They can be used for periods of measurements as short as ten minutes (Ojo, 1977). ET values are
obtained by caleulating changes in the weight of the soil and vegetation system within the tank
(Ayoade, 1988). Kowal et al ( l".-]"a.';Jf~ 1'-31'.1'5~I 1976) used a weighing lysimeter to measure actual ET
for cotton, maize, groundnut and millet in Samaru, Zaria.
Hydranlic Weighing Lysimeter

Hydraulic weighing lysimeter are popular tools for evapotranspiration research during the
past several years, They are widely used for determining the rates of ET of many agricultural

crops. They are inexpensive and easier to construct than lysimeters with sophistichted electronic

weighing system (Kruse and Neale, 1989). [’; A4

i



Ekem (1958} constructed the lirs: hydraulic load cell lysimeter. The large arca of tank per
anit of contact’ area with the hydeulic Iu:u; cells gave it a sensitivity of 0,025 mm, Hanks and
Showcroft (1965) described a lvsimeter wsing o hyvdronlic weighing mechanism.  They used a
“dummy” standpipe of the sune height as the stongdpipe-wse! measure pressure on-the |ysimeter -
pillows in order o comect the wemperatune diill errors, They suggested the use of a Idumm:r pillow
located wder the lysimeter for improved lemperniure comection,

Hydraulic weighing lysimeter works on the principle thet increase in lysimeter load by
either irrigation or pl‘t:n.:ipiu;:iun results in an increase in lysimeter weight which subsequently
depressed the tyre-tube and cause movement of water from tyre tube into mercury pot and Gnally
inlo manometer wbe, The Auétuation of water level in the manometer tube is a result of pains and
losses of water by weighing lysimeter (Kruse and Neale, 1989),

Sowrces of Errors in Hydranlic Weighing Lysimeier

Kruse and MNeale (1989) listed the following sources of errors in the hydraulic system of
weighing lvsimeters: : : .

{0 Effect of temperature .changes on mercwry pot, manometer fube, and hydraulic

pillows or hydraulic elastic tube,

(i) Wrong period of manomeler readings

(i) Wrong calibration method .

(iv)  Vanation is size ol manometer wbe.

Error Prevention in Hydraulic Weighing Lysimeier
1) Locate the manometer system below the ground or in manholes with insuloted covers that

are removed ouly when the manometers are 1o be read or adjusted (Kruse and Neale, 1989).



(i) Daily manometer readings should 'he taken ot o fixed period of time. (Kowal and
i
Stockinger, 1973), & '
Watering of the lysimeters must be done ot a lixed time each day either early in the morming or late

n the afterncon (Ojo, 1477).

2122 Drainage Lysimeter

The draluage lysimeter is more widely used and is olherwise known as evapotransporimeter
or the percolation gauge [r"n;-'-um!c. |988). It operates on o simple water balance 'mmlmd. and is
normally used to measure the rates of potential ET (Chang, 1964),

Drainage water 15 measured on daily basis after addition of water, which therelore provides
a non-limiting condition for potential evaporation. The measured evapotranspiration from drainage
lysimeter is computed using the tb]lnwinrg simple water balance uqm:.i;r;n that is cxpr:.:-;m-j-;u
follows:

ET=R+1-D,+AS ' ' (1)
Whizre,

ET is the measured evapotrunspiration in mm; 1 is the quantity of water applied (irrigation)
i mm, Dy, is the quontity of water drained in min, R is the minfall amount in mme and AS is the
change in waler storage. DBy taking measwements only at the end of exch drainage period
following addition of water, storage emaing essentially constant and the change in storage is

therefore, zeco (Eldin et al., 1969, Tanner, 1967).

2.1.3 General Limitations of Lysimeters

There are many problems with lysimeter measurements (Ayvoade, 1988 Ojo, 1977), These
i lwde:

1



In Migeria, according to Adeogun et al (1998), lysimeter works appear to have stopped
completely, The lysimeter that existed at Samaru, Zaria and at Kadawa, Kano ceased to function
15-25 years ago. Probably, lhe.dminng:‘ lysimeter at IITA, Ibadan may be the only existing
lysimeter today.

A lot of research work are being camied out by individual research institutes and
universities and there is hope that the technological advancement will soon put the history of

Ivsimetry in Nigena on the nght path.

2.2 EVAPOTRANSPIRATION

2.2.1 Calculating Evapotranspiration

To compute crop ET we use the following €-juation
ET =KeETo ? ‘ 2)

where:

ET = Evapotranspiration for a specific crop

ETo= Potential ET or reference Crop ET

K¢ = Crop coefficient

ETo may be either potential ET or reference crop ET. Potential ET is the maximum rate at
which water, if uvu:LIub]e, can be removed from soil and plant surfaces. Potential ET depends on
the amount of energy available for evaporation and varies from day to day. Reference crop ET s
the potential ET for a specific ¢rop (usually either grass or alfalfa) and & set of surrounding
(advective) conditions. Reference crop ET is preferred over potential ET, since potential ET can

vary from erop to crop due to differences in serodynamic roughness and surface reflectance

11



talbedo). and [rom location to loeation bechuse of differences in the amoeunt of sengible and latent
L] % L

heat trmnsfermed into the area (James, 1988),

The concepl of melerence crop ET s now widely sccepled by both engineers and
apronomists (Doorenbos and Pruit, 1977), The sim i3 to delermine the water consumption of a
reference grop making things comparable worldwide, This implies avoiding both acrodynamic

dillerences and Mological regulations (1Ger, 1994),

2.2.2 Estimation of Reference Crop Evapolranspiration

Keference crop ET is largely determined by the characteristics of the reference crop, solar
radizstion, oir temperature; and advective energy (Hargreaves, 1989), Three ways are currently
being used 1o obtain reference crop ET values, They include, measurements with lysimeters,

estimation with pan gvaporimeters aml calculation through formulae using climatic factors (ltier,

1993).

e Be Measurements with Lysimeters

Drainage lysimeters according o Gilbert and Van Bavel (1954) give weekly estimate of
reference ET while weighing lysimeters enable daily estimates possible with an accuracy of more
than 10% (Perrier et al, 1974). Failurcs in representafion of surroundings can lead to over 30% in
error on ET (Allen et al, 1994}, Lysimeters have been and are still largely used to calibrate boih
evaponimelers and foioulae (Iter, 1994), Full discussions on lysimeters are given in previous

chapler of this woik.

2.2.1.2 Pan Evaporation Methiud

Reference Crop ET (RET) 15 related to pan wvapomtion, Ep by the following equation

12



RET =KpEp 1 {3}

where, Kp is a pan coeflicient that accounts for differences in pun fype and conditions vpwind of
the pon, and for dissimilusilies between plants and evaporation pans (Janes. | 988).

The shape and colour of evaporation pans significantly influences Kp. Colour differences
between pans aftect the reflection of radintion and hence evaporation. Sereens mounted above pans
o prevent birds ad animals rom drinking from evaporation pans reduce pan :vﬂ}:ﬁmti:m by as

much as 10 percent {Doorenhos and 'ruitt, 1977).

2223 Caleulation from Meteorological Data

There are various different empirical methods that had been tested and applied for
estimation of reference ET in various location especially in the humad region They melude Turk,
Hargreaves, Makkink, Peoman-Monteith, Priestley-Taylor, Horgreaves-Samani, Thomthwaite,

Penman, Blaney-Criddle, Jensen-Haise ete. (Mohammed, 197%; Jensen et nl, 19903,

2.3  Significance of Water to Plants

Almost every process oceurring in plants is affected by water availability bat the links are
complex. The relationship varies with plant choracteristics, stage of development, soil and climatic
conditions (Chang, 196%). In simple terms, water is-absorbed by the plants roots-and lost by the
evaporative process tenmed transpiration (Jackson, 1977). The major ways by which water is
important to plants are listed as follows:

(i) Water is a mujor constituent of ="t protoplasm
(i) Water wkes part in a number of chemical reactions like photosynthesis.
(i}  Water acts as a solvent for dissolution of other substances during chemical reactions in the

plants.

13




fiv)  Water serves as a medivm of movement lor dissolved substanees as they move lrom cells

1o cells and from orgons to orgnns.

2.4  Factors Affecting the Rate of Evapotranspiration

Several factors miluencing the rate of BT can be categorized into climatological factors and
non-climatologicnl foctors (Ayoade, 1988), Four climotological factors as listed by Handerson-
Sellers and Robinson (1986) aee-

{1 Energy Il‘u':]i]ﬂbﬂilj'

(i) The humidity gradient away from the surface

(it} The wind speed immediately above the surface

(iv)  Water availability = =
Onher climatic factors are mere derivatives of the above factors (Ayonde, 1983),

The non-climatological factors include:
(1} Method of irrigatien
(i)  Cultural practices

(i) Soil foctors.

2.9 Grass-Based Evapotranspiratlion
Burman et al (1983) deseribed the major advantage of using either grass or alfalfa as o
standard. They listed the pros and cons of grass and alfalfa as follows:
(i) Grass grows over o wider mnge of climatic conditions throughout the world thon does
alfalfo. Evapotranspiration froon grass vary considerably (Borrelli and Burman, 1982},

Reference ET may be ass' e to be based vpon a local cultivar of grass adaptable o the



v
location in question by calibration witl independent methods such as lysimeters or eddy

correlation methods,
(h} The use of alfalfa a5 o reference crop is desirable because alfilf is scrodynamsically rough

like many field crops and therefire its I [ reaches about the maximum possible for a crop in

any parteular location (Jensen et g, 197] I.

r

The use of gross tends 1o spread worklwide while alfulfa is being restricted to Westem

ULS.A (Ttier, 1994),




, CHAPTER THREE

MATERIALS AND METHODS

3.1 The Study Area

The study area for this research is Akuic which is located within the humid region of _
Nigeria, at latitude 7° 14" N and longitude 5% 08" E. 1 Ties in the rin forest zone with a men
annual rainfall of between 1300 mm-1600 i and with the average temperature of 27.5°C. The
relative humidity ranges between $5% and 100% during the rainy season andd less than 60% during
the harmattan period, The elevation of Akure is about 351 above the mean seafevel

The site for field experiment in this study is located at Agriculiural Engineering Farmland
of the Department of Agriculural Engineering, Federal University of Technology, Akure. The site
is located at Obanlo part of the University Campus, and it is with dimension 12 m by 16 m. Fig. 2

shows the fiekl plan for the armangement of apparatus.

3.2 Micro Lysimeter Tank

The total number of five micro-lysimeters (one ‘weighing lysimeter and four drainage
Iysimeters) were used in this study.  Each was constructed of o eylindneal 5i'ur[1|;d container of
ahout 58-cm diameter and 43 em decp. Each is opened ot top, sealed at botlom and welded with
perforated drain pipe at the lowest point of ils side with surface slope of 10% o create a potential
difference at bottom of lysimeler. The perforated drain pipe is 15¢m long with 10vm internal and

14mm external diameters, The perforated drain pipe serves as a passage for dmined water 1o the

receptacles.

i
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A receplocle consisted of o small plastic bucket, {(witl: cover) of about 8 lites in ::'ﬂp:u:il_',.'. Fig. 3

i

showed the side view of a typical drainoge lysimeter,

3.3  Installation of Micro-lysimelers

The preliminary activities stavted with land preparation operations (1.e. bush cleanng, bush
packing, stubble removed ete.) and soil sampling. The installation procedure stanted with digging
of lysimeter pits as well as receptacle pits of about 40 cm and 70 cm depths respectively,

Carelial loading of I}'ﬁirtlL'icr with dugeed soil Tayers began with o loyer of coarse and fine
gravels (5 cm deep), sand layer (2 e deep), clay lover (15 ¢m Jdeéep) und "l-u_pi-:f:iil'i;}‘f lGam {18 em
deep), Alter installation, the surtace of the soll inside and outside the lysimeters was at the same
surface level and also, the twp of the lysimeter was obout 3em above the ground surface. Lysimeter
installation and soil loading were camied oul in about o month belore experimentation. This 15 1o
ensure pood soil compaction Fig, 4 shows the picture of land preparation stage for weighing

microlysimeter installation.

3.4  Sensor Manometer Sysiem

The materials used in setting up the hydraulic weighing lysimeter in this study include
elastic motor tyre-tube, flexible rubber hoses, a mercury pot and a pipetie-form-manometer. A
water-filled elastic tyre-tube (on which the weighing lysimeter tank rests) was connected to a
mercury pot by means of a flexibie rubber hose, Another flexible rubber hose counegted the
mercury pot to the gradusted pipette-lonn monometer glass. For conveniences of in and oul
movement of water, the mouth (valve) of the tyre-tube was transferred 1o outside before

mstallation. The mercury (inside the mercury pot) assists in reducing pressun: intensily on
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Fig;d: The Picture of Land Preparation Stage for Weighing Microlysimeter Installation



manometer water {Kruse and Neale, 1989). Fig. 3 shows the dingram of weighing micro-fysimeter

with connected manomeler.

3.5 Cropping

Bahama grass { cynodon dactylon) is used in studying reference crop ET in this work,
According to Terry and Michieko, (1987), the cynodon dactylon is & perennial grass whick
-uc::nsimmlly be a troublesome weed of arable land, It has fibrovs root, culm stem and flat leaf ol
about 16ecm long and 6mm wide." [t has g:rrsn:n colour with some seattered hairs on 315 body, [
propagation is by stolons and grains, It is also widespread in Africo especially Migerin. Fig. (

shows the field pictures of bahama grass at (a) 2 weeks and (b) 10 weeks afler planting.

3.6- Galibration Test of Weighing Lysimeter

The calibration 1est of weighing lysimeter was camed out by using a siatic procedure. Tha
involved loading the lysimeter with known moveable weights and noting the consequent rise ir
mercury level in the manometer scale (Adeogun et al, 199%), The loading is determined by equa
i.m:n.:m-.'n: of lond {water quantity) in kilograms (Kruse and Neale, 1989). The loading incremen
of 2 kg were mude aller every 3 min. periﬂ_-d and the off-loading process was also carried out in ;
decrement order of 2 kg after every S-min. OffF-loading process was necessary so os 1o asceriain the
results of loading process. The response of the lysimeter to loading was measured over o range of
15 loads and the comesponding changes in manometer value were determined. The cumulative
effect of load placed on the lysimeter was indicated by manometric height increase on the scale.

When the load was removed, the mercury level returned (o its original position. Using the analysi

of Appendix' 3, the effect of cumulative loads of the Iysimeter was then converted 10 equivalen

T
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Fig; 6: The Field Pictures of Bahama grass at (a) two weeks and (b) ten weeks after planting



water depth in th::' Ivstimeter, which gives t:-:uml‘l:.'f.imuit:r welght changes comesponding to mercury
level on the manometer scale,

Regression method of statistical analysis was performed (Kowal and Stockinger, 1973) on
the resulls of the calibration test of weighing lysimeter, A form of regression equation used was

shown as follow,

—_ i

Y=+ bX (4)

where, Y i35 the predictal variable (dependent varable), X is the independent variable, a is
the regression constant (intercept), and b is the regression coefficient {slope).

Additional observations were made on the behaviowr (response) of munometer o an
instantaneous loading and unll.mdilﬁg of the :.\'E:-I ghing microlysimeter. At an average temperature of
23.5°C, a large loading weight of 30kg wos made while the manometer reading was taken every
two minule for o total pcrE;::ld of 20 minutes. The subsequential study was made by instantancous

removal of that 30 kg of load while the manometer reading was taken every two minutes.

3.7  Cellection of Meteorological Data

The source of climatic dawm used in this study is the weather station of the Department of

Meteorology, Federal University of Technology, Akure, The department is a World
Meteorological Organisation (W.M.0.) designated center,  Some collected daln include, rainfall,
maximum and minimum- temperatures, wind speed, sunshine hour, solar radiation and relative
humidity. Other specific data collected for some methods include latitude and elevation of the

study area, The collected meteorological dota covers a period often years (1990-1999).
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3.8  Meteorological Methods of Estimating Reference ET

Some grass-based empirienl methods of estimating the reference ET used in this stedy are

listed as tollows:

381 Blaney-Criddle Method

Original Blaney-Criddle (1950) formuka does not compute refierence ET (James, 1988). A
further modification of this formula was made by Doorenbos and Pruitt {1977) using the concept of
reference crop ET based upon EEL*'»:-'.. Their version of Blaney-Criddle method m.-mrd:iug o Burman

et al { 1983) is written as follows:

RET=n +hF (3)
F = POA46T + 8.13) (6)
* =0043RH,, - wN-141 {7)
by =no+aRH_ +o;w/N+o, Ud+ o, RH._ +a, RH_, Ud {B)

where RET is the reference ET in min, T is average air lemperature: (°C), I is the percent of
daylight hours of the month, /N is the ratio of actual o possible sunshine hours, RHmin is the
minimum daily homidity, and Ud is daytime wind at 2 m elevation (m sec™).

The regression coeflicients ai{from Frevert et al, 1982) are as follows: a, = 081917, 0, =-

0.0040922, a, = 1.0705, 0, =0,06564%9, 0, =-0.0039684, a, = -0.0005967.

182 Jensen-Haise Method

The basic Jensen- Haise (1963) equation nccording o Burmian ot al (19833 is;
RET =C, (T -Tx) Rs. , (9)

€= e, +7.3C,) (10)
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. Gy =(50 mbar)/ (e, -e)) (11
C, =38-E/1525 {12)
T, =-25-0.14{c; - e,) - /550 (13)
where RET is the reference ET (mm day-1), T is the mean daily air temperature (°C), ¢, is the

saturation vapour pressure of the Jong-fenm mean doily maxinum air lemperature of the wanmest

month i the year (mbar), e, is the saturation vapour pressure of the mean daily minimum air

temperiture of the sarge month, 1, is the intercept of the temperature axis and E is the site

elevation {m), and Rs is solar radiation in equivalent depths of evaporation (mm).

383, Hargreaves Method

Hargreaves based his work on data from grass lysimeters, The Hargréaves equation
according to Hansen et al (1979) is wrilten as:
RET =0.0135(T + 17.78) ks (14
where RET is reference crop ET from well witered crass (mmvday), T is average daily
temperture ("C), Ks is incident solar mdiation (mm/day),
Allen (1996) suggested the use of Hargreaves and Samani (1982) method af estimating
solar radiation Rs values. Their method is given as:
Rs=Kr(T_,-T,.)" Ra {t3)
where T, and T, is mean maximum and minimum doily air temperature. (°C), Rao is
extriterrestrial solar mdistion (mmvday) (see Ra value in Appendix 6), and K: is empirical

coeflicient with values 0.16 for ‘interior” regions and 0,19 for coastal regions, Kr value of 0.16 is

used in this study.,



184 Conhination (Penman) Method

Penman (1948) combined the acrodynanic-and energy- budget -methods—to-oblan -an-

equation for computing ET. Jumes (1988) computed grass reference ET on daily basis using

combination equation of the form:

ger < Mt e (16)
A+
wilwere -
4098 ' an

(T, +237.3)’
= Slope of the saluralion Vapour pressuce yersus lempernture curve al gir

temperature, Ta (mbar/“C);

4
=k p[wm;r, 4 4.9.4] (i8)
T+ 2377

— Saturalion vapour pressure at mir temperature Ta (mbar):

5 16l 5Pa
7= S as(10) —213(10) Ta

= Pgychometric constant fmbae“C,

-‘Ih.‘ . if
Pa = 1013 - 011526 % 5.44(10)" \i.{x:"::l_ff-\'_ (20)

L LA S —
= pjr ;n-:-ssun:{mharj;
E = Elevution ahove mcan sea level (m):
Ea =(0.27+02333u) (e, - ¢,) (Doorenbas and Pruitt, 1977). (21}
= perodynamic temm = Fle, . & u) (mmday )
(22)

¢, =, (RH/100)
= ipour pressure al mean adr lemperature;
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u = wind velocity (m/s); :
Net radiation (mm/day); Rn (according (o Doorenbos and Proite. 1977)

= 0. 73Rs-2.000 100" (Ta+ 273,161 (0.34 - 0.044 Ve ) (-0.35+ 1.8 Re/Ra) (23)

}  Statistical Analysis of Data . e

The relationship between the reference ET along with the lysimetric measured data and the
imated data of empirical methods :M:n': examined using the regression equation.  Verification of
lincarity of the methods used were made with (he determination of corvelation coeflicient.
aluation of the reliability of the methods used were made using the root mean square error
MSE) system.  Further studies on, the coefficient of determination (RY, the slope of the

ression and the absolute avernge deviation between the estimated and measured reference ET

e also determined.

10. Preliminary Soil Studies

A thorough study on the physical and chemical properties of the soil of the site
gricultural Engineering Farmland) had been previously carried out and reported by Malumi and
undokun (1997), Some results of their study were used in this project,  Some results of the
chanical and chemical compositions of the farmland are shown in the tables of Appendix 1 and
The slope of the farmland in the North direction is - 0.83% and the slope in the east direction is
45%%,

The topsoil was experimentally determined 10 be sandy loam while the sub-soil horizon

15 predominantly clay soil. There is great variation in the depth of topseil and sub-soil from one



poini w0 another.  The oven-dricd, grovimetric method of defermining soil moistune eontent were
caried ol on collected soil samples.  The momsture content were computed osing the formula

shown below,

Soil Moistere Content, M= W2 - W3 X (00 (24)
W3-l

where M 15 st maotslure conlent (%o), W s werghd of the cins (gl W2 48 weight of cums and maist

soil {g), W3 is weight of cans and dry soil (gL

311 Crop Curves

L

Cropy curves ure the mtio of sctual crop water use o reference crop evapolranspiration
presented a5 o fimetion of on independent voriable such s doys afler planting, phenological
development, froction of season, or Thennal time. Crop eurves ore one mesns of irrigation
scheduling (Steele et al, 1996), Irigation scheduling is the process of dotermining when to imrignle
und how much water o apply per imigation for the benefits of improved crop yiekl, water and
coerpy conservation, and lower production costs (lames. 1988).

Avcording 1o Wright {1982}, duily crop coefhcients (he) con be determinod frmn_reﬁ:n!ntn:
crop ET (RET} dats based on elimatological date snd dodly ET ineasurements from weighing
lysimeters, The relationship is expressed as:

ko= ET (23}
RET

Crop curves have the benefls of estimating the RET and hence Crop ET from climatic data
and K (Steele et al, 19961 When Ko values were referenced to thermal time, T Tsince planting

bse temperature, Th of 10°C s no upper limit temperature was used o compute daily thermal



time, The theomal time, TT was computed wsing e eyuation as writlen by Mailbol et al (1997)

The eqpuitivn 15 writien as;

k=}
gr=Z(Tm - Th) (26)
k=1

where Tim is daily mean temperature | °C JTbis the boase temperature (*C 3 and j=105
The erop curves were genembed with filil-order, least squares regression polynominls of ke
versus duys after planting. DAL and Ke versos TT for the geneml form of the polymomial equation:
fo=Cl + 02X + O3 +04%" + COX + Cex!’ (27}
where X i the tine base, e DAY oc TT and poeumeters C1, C2........, €6 are coefTicients.
The crop curves reposted here are mean curves in conlrast 10 basal crop cunve reported by

Wright (1982). Busal curves reporied by Wright (1952) represent time penodds with a dry soil

surface, when evaporation from the ssil surfoce was minimal, vet when soil moisture in the mot

zone was not depleted enough o produce stress on the crop. In this study, the crop curves include

all time periods and therefore include penods with a wel seil surface,

312 Weekly Observation on plunt Farnmeter
Weekly estimations on plunt parsmieters which nclude, avernge plost height, he and
fraction of grass coverage, Fe were carrled out during the period of study. The displacement
beight, d and perodynamic mughness, Zo were slso computed from estimited values of he und Fe
dita using the following eyustions @ presented by Abtew and Obeyseker (1943). I"['h: exquations
417 e
d = (L85 Fe he (28)

Zo=athc - d) (24)



where values o

i this study,

A" rnges betwedn .13 and 0,36 int ghe hunid region, A value 4= 0.36 wis used

il
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CHAPTER FOUR

RESULTS AND LISTUSSION

4.1 Plant Paramoeters

The resubts of weekly estimates of he; Fe, o and Zo were shown wn Fig, 7, 'Tll:u.' tremwd of the

curve roveiled that the plant hesght ps well as gmss coverpge began o nse from | lanting doy until

the mupximum heiglt and covernge are renched within the 10th week of prowih, nmediately after
10th week, un inappreciable decline in e height and coverage of the plant growth were noticed,
These observations were in good agreement with similar observations made by Abtew and
Obeysekers (1995,

Aomuch lower value wis revenled in the resuls of computmtion msde on displacement
helght and scrodynamic surface rougliness when compared 1o the values of grass height and grass
coverage. Fig. 7 showed that there were gradual increases in the value of displacement height and
serodynamic roughness from the day of planting. This trend continued until the peak were reached
in the 10th week after which it declined  This observidion was in good sgreement with the one
made by -Abtew and (beysekera (1995) Jnmes {1988} described aerodynamic roughness as ane of

many Ewlors responsible for the variation of evaperation from one loclion W another-

42 Results Of Calibration

The results of the calibmtion lest ore presented in Fig. % The curve showed a linear
relationship between the bosd (Ki) and munometer scale resdings (mm) on ene hand, and similorly
between U equivalent water depth (mum) and manometer scale neading {mm). 1t was observed ihat
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o small load increment (with its comesponding) water depth e 0 gradual increment in
manometer seale reading. A cumulative total, load weight of 30kg placed on the microlysimeter
gave equivalent u;'nler depth of 114 em (or 114 mm) as shown in Table 1.

A calibration equation (30) which gives the relationship of actual water depth used In
microlysimeter with the known values of manometer readings wis denved using a linear regression
miodel of equation (4),

Y= 076 X -015 (30)

Where Y represent the water depth in the microlysimeter ond X represents the value of

¥

manometer reading,

The derived ealibration equation (30} was therefore used o corect the microlysimeter
readings in this study, and it was finally written ag follows:

RET= 076 M - (.15 (31
where RET represent the reference ET {mmlJ virlue and M represent manometer reading value,

The dilTerence between manometer readings (M) Is then substituted in equation (31) and
the water depth (RET) used within a period of time would be determined, .h length of time vsed in
this study is-a doy (24 hours), The slope of derived calibration equation is 0.76 ¢m {or 7.6 mm)
indicating that the average change in one unit scale reading on the manometer corresponds to a load
of 2 kg or 0.76 cm of water depth in the microlysimeter. i

High correlation was observed between the manometer responses and the lysimeter loading
(r'>10.98) similar results were obtuined by Kowal and Stockinger (1973), Kruse and Neale (1989)

and Adeogun et al, (1998).
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Table 1: Changes in manometer rending and lysimeter water depth to gradual load increment

L ]

Load cummnlative  Eprivalenl
WG i Manometer Seale Reading (mm)
(K (Kg) depitly,
Testl Test2 Test3 Average

..1 ol i
0 i ¥ 0 { 0 0
2 2 0.76 1 l | 1
2 4 . 1.52 2 2 2.5 22
2 o 2.28 3 3.5 3 3.2
2 B 3.04 4 4 4 4
2 10 3.80 5.5 s | 55 53
2 12 4.56 o 6.5 & 62
2 14 5.2 7 7 7 7
2 16 G038 8.5 i B 2
2 18 84 T 9 =; 9.5 9.2
2 20 7.60 10.5 1] 10 10.2
2 22 836 1 1.5 11 1.2
2 24 9.12 12 12.5 | 2.5 12,3
2 20 G.88 13 14 I35 13.5
1 28 10.64 4.5 14.5 14 14.3
2 30 11.4 15 15 15.5 152
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4.3 Manometer Response to Loading

1

The curve in Fig. 92 showed the resulls of manometer response to a large load of 30kg.
The trend of the curve indicates a smooth and gradual increment in manometer reading with time,
lt was observed from the curve that, in the first S-minutes, the gradual iﬂl:mifﬂ minnometer
response ook place at o reducing rate of 0.75 mm per mine which is luter reduced to 0225 mum per
minute and finally reached the equilibrivm level.

The results of an instantancous unloading of 30kg of load were shown in Fig, 9. The
manometer responded by dl.lzlppill.‘tg dﬂwnll'mm height it previously reached, A sharp fall was

observed within the first few minutes of the test and finally dropped to zero after 20 min. of the

experiments.

4.4 Comparison Of Reference Evapotranspiration (RET)

Weighing Lysimeters are penerally considered the standard for t:'n.fuimh-m.ﬂpirﬂtiun
mensurements (Dugas and Bland, 1989), 1n this study, the companson between the measured

L]

lysimetry RET values ond estimated empirical RET values were therefore with reference to the

weighing microlysimeter,
44.1 Empirieal Methods m ;

OF all empirical methods selected for estimation of RET in this stedy, Penman (PEN)
method is the most dota demoanding. Table 2 reveals that PEN required climatic data such as
temperature, T; Solar Radiation, Rs, Relative humidity, R.H; Wiod Speed, U; Net rudiation, Ro;

and Elevation, E. The other empirical methods that fullowed PEN in terms of data requirement are
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Jensen— Haise, J-H; Lt];ml.:}'fn'dl:ll_le, B-C: ..'?ml Hargreaves, HG methods in that order. Considering
the complexity of estimation, the PEN u.r.J._;: roted high (Dury, 1979). This is followed by J-H, B-C
and HG in I:h'.l.L order. Table 2 also shows the recommended period in which empirieal methods
could be estimated.  PEN could be estimated on daily, weekly, monthly, and even yearly besis
while the estimated penod for J-H, B-C and HG should not be less than a week so as W be reliable.
The capabslity of PEN o compute ET over relatively short period of time such as one day has

i

mnde it more wselul Tor ieelgation plaoming (Dum, 1979),

Table 2 : Charoeleristics of Methods of Estinusting REF-ET.

Method Main Data Reguired Recommended

| Period of Time

1 s K. E U Rn E
Blaney- "R v — = — Weekly, Monthly
Criddle
Jensen- v v I v | Weekly, Monthly
Haise '
Hargreaves « v Weekly, Monthly
Penman v . ¥ v v ¥ Daily, Weekly,
Maonthly

T, temperature; Rs, solar radiation; R.H, relative humidity; u, wind; E, elevation, Rn, net radiation,
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44.2. Lysimetry Results

The result of daily RET of bahoma prass as measured by weighing microlysimeter is
presented in Fig. 10a. The trend of RET curve immediately aller grass planting is linear umil about
155-day of the year (DOY) after ';irhir:h lhr.:: points lecame seattered. The linearity of the curve in
thie initial stage of grass growth may be attributed to absence of minfall and henee pradunl rise in
RET up1ill 210 DOY.

The scattering of points may be attributed to highly ermtic minfall during the field
experimentation period. It was also observed that the scattering was more at the latter period of the
experiment. This may be due to heavy downpour that characterized the last days of the experiment
(comesponding to peak rainfull immediately afier the August-break).

Fig. 10b showed the results of the average RET from the four drainage microlysimeters,
The curve is linear from initinl stage of planting period. The lincarity continued wntil the peak
paint at about 210 DOY and dectined thereafter continuously until soime days 1o the eand of

experiment. The linearity from the initial period until toward the end of experiment may be as a

result of averaging method of statistic analysis performed on all the drainage microlysimeters. The

RET results of megsurements from weighing and drainage lysimeters in Fig.s. 102 and I'l].b 5I.:n:n.x~r;d
tht, these curves are linear at the initial stage of grass growth, and non-linesr and seattered towards
the end of experiment, The reasons, as previously explained, are due to absence of rainfall at the
nitial stage and occurrence of heavy rainfall at the last stage of the experiment,

The peak points of the curves also indicated the maximum RET measurement of 7.2mm by
the weighing microlysimeter while the maximum RET value measured by drainage micrlysimeter

wis B.8mm. The higher RET value measwed by the latter agreed with Ayvoade (1988) that
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drmnage Iysimeter mensieres the ET al a possible maximum rate in any location while the weighing

lysimeter megsured the sctual ET of the locition.

443 Measured and Estimated Daily PET

Cumnulative resulis of measured anl estimated RET valoes for each method used in this
study are shown in Fig. 11. It was observed that the cumulative RET values from weighing
microlysimeter (WL increasaed u:.:iﬂl l'lrm.:.l A point of inflexion was poticed at about 70 DAP,
Similar trend was noticed in the curve [or drainage microlysimeter (DL) results. It was also
observed that DL U'l-"'l:l'l.-‘:ilil':i:ttt:ﬁ the RET values compared with the measured results from WL,
Similarly, at about 70 DAP, it was noticed that the ¢urve for Hargreaves method has an inflexion
point.

The results indicated that all other methods overestimated wsing WL as tlie standord for
companson,  The trend of JLH curve showed that J.H method ovorestimated the RET values from
the initin] stage of the experiment until about 85 DAP after which it started underestimating the
RET. B.C. values appeared (o have overcstimaled the RET - most. This was followed by PEN-HG,
LH and lastly, 131, Each of the method was correlated with the resulis of W.L. Summary statistics
for regression of daily RET measured by DL and other empirical methods against the RET
mensured by WL are presented in Table 3. The results of statistics showed that DL was haghly
correlated and ranked first with lowest root mean square error (RMSE) of 0.25, lowest standard
emor (5.E) of 0,50 and of highest coefficient of determination (R of (.90,

The second best predictor was LEL with RMSE of 1.04, S.E. of 1.02 und R of 0.58. ‘I-"EH ranked
method is B.C, which exhibited the values RMSE of 137, S.E. of 1.17 and R of (.45, The poorest

method is was manked Uiird with RMSE of 1.20, 5.E. of 1,10 and R’ of 0,52, The fourth HG with
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values RMSE of 2.44, S E. of 1.56 and B of 0,02, The intercepts in the regression equations

seemed high for all methods except for DL which are small,

Table 3: Summary Slatistics for Linear Regression of Daily RET of the form, Y =a - bX

(with vilues of weighing microlysimeter as the dependent vanable, Y)

Moethod Regression R-Square RMSE S.E

PEN Ye=10.7-4 ._3}{ als 120 1.10
B-C Y=41.9-5.1X (447 137 117
J-H '!:'=13.'.I‘-2.1!}{" | 0.579 1.04 .02
HG ¥=3.53 +0.05X ols 2.44 1L.56
DL Y =022 +0.84X 0,900 0.25 0.50

Y = Predicted Weighing microlyvsimeter daily RET (mmdday); and X = Calculated daily RET by

each of the five methods (mumd/day) —

444 Measured and Estimated Weekly RET

The results of weekly values for lysimetry and empirical methods are graphically illustrated
in Fig. 12. The tremd of curves for WL and DL showed an increase in the RET values from initial
stage of the experiment ond reached its peak | 1-week afier planting (WAP). The peak RET value
for DL curve was about 8.2 mn'.l.-fds;y while that of WL was about 6.6 mm / day, whereas daily
comparison gave 8.8 mm/day and 7.2 mm/day respectively, The difference in the values may be
nitributed o the fact that the more the number of days involved, the higher the reliability of the

RET values (Dury, 1979 James, 1988).
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The teend of curves for the four ::mlllﬁrifm methods used showed that they are charascterized
by low Nuctustion. B.C Muctuates al o higher RET value of 7.5 mmdday, lollowed by PEN which

Huctuates at RET value of 6.6 mm/day, HG with RET value of 4.6 mmvday and finally, JH. wath

RET value of 4.0 mm/day,

In general, while DL il B.C overestimated the RET values, HG and J.H underestimated

RET Values, However PEN gave comparable values with WL, This may be oneof reasons for
preferring the choice of PEN values in the absence of a relinble weighing lysimeter mensurements.
The sumimary statistics [or regression of weekly RET measured by DL and estimated by
each of four estimated methods of RET and that measured by the WL are presented in Table 4,
The DL method was ranked first.with RMSE of 0.10, S.E. of 0.31 and R? of 0.96. Followed by
PEN with RMSE of 0.47, S.E of 0.69 and I} of 0.90; LH with RMSE of 0.48, S.E of 0.69 and R?
of 0.831; B.C of RMSE of 0.59, S.E. of 0.77 and R' of 0.77; while the most poor method is HG

with RMSE of 2.39, S.E, of 1.55 and R of 0.05,

4.4.5 Rainfall and Seasonal RET

Fig, 13 presents the seasonal values of RET as estimated by the different imethods, The
cumulative rainfall throughout the season exceeds the evapotranspiration caleuluted in all methods,

This indicates that the crop was in pood witer regime in most of the time.

4.5 Development of Crop Curves

Table 5 shows the polynomial coelficients of equation (27), The data set ol Ke values as a
function of days afler planting (DAP) and based on the Jensen-Haise (1963) reference ET
calculation method are denoted as Ke =1 [DAP, RETI-H]. Also, the data set of Ke values asa
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Table 4: Summary Statistics for Regression of Weekly RET wvalues by five methods against

weighmg microlysimeter measured RE'T

Method Regression - R-Square RMSE SE
PEN Y=42.6-6.13X (.90 .47 (.69
B-C Y=62.7- 7.94X 0.71 (.59 0,77
I-H Vel6.6-3.62X Y 0.48 06y
HG Y=262 4+ 025X .05 2.39 1.35
DL Y=-0.19 40,83X .96 0,10 0.31

Y = Predicted Weighing microlysimeter weekly RET (mmfday); and X = Calculated weekly RET
by each of the five methods (mm/day)

function of thermal time, TT and based on J1 are denvied as Ke = £ [TT, RETI-H]. Similarly, the
notations Ke = [ [DAP, H'.ETB-F] | [{: = [ [TT, RETB-C]; Kc = [ [DAP, RETPEN] and Kc =
['[TT, RETPEN]; Ke = [ [DAP, RETHG] and Ke = [ [TT, RET HGY wn-n: used for B-C, PEN, and

HG methods respectively.

4.3.1  Analysis O DAP Crop Curves

The crop curves for Ke = [DAP, RETJ-H]; Ke=[[DAP, RETB-C]; ke =1 [DAP,
RETPEN] and Ke = [DAP, RETHG) are pecsented in Fig. 14, These curves revealed the
performance of cach empinical method in respect of DAP. In all cases, Ke values for thess curves
mereased from the frst day of planting, This explained the vegetative propagation method of

planting grasses resulting in corresponding inereases in ET. The values of Ke in the initial stage of

the gross development were low amid increaged to a peak at about 75 DAP.
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Seasonal RET and Rainfall,mm

LEGE '
WL = weighing lysimeter
1000 + DL = drainage lysimeter
' JH = Jensen Haise
HG = Hargraves
BC = Blaney Criddle
PEN = Penman
RF = Seasonal rainfall
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Table 5 : Coeflicients for, babama geass Crop curve polynemial of DAP and TT based on field

data [or weighing microlysimeter

Crays After Planting, (DAF) Thermmal Tome, [TT)
Coel® PEN B-C I HG PEN B-C IH HG
Ci 0071 [TKT7E] (076 1,120 0,077 1.US0 W] 1,130
i 0031 m0z3 0.062 0,039 0,002 0.002 004 0.0613
C3 0,002 00l 00N —.l_].{:H:IE -_-w_'?j—::llil*_ -5.1;xlﬁ*_ 7ot -n.wm: =
Cd 455100 3awiot 0ol Se3xi0t | LSIxi0*  p02xi0t  3S9xi0*  18Sxi0*
C3 Sx107 SR =L Ix0® .3 107 210" 7Rk 2Ex107M - SxioM
Ch LExIO® LSl 4za0* 2310t 29x10°  1:axio™  TEEI0M aeexiot
i (4900 0,491 0,902 0814 0,59 0852 {.900 0813
SEke 0085 (LuT4 0174 0,182 (LOBG 0,74 0175 0.182
I 105 [ {5 105 03 b33 165 3 103

*The parameters C1, C2, - C6 are coefficients in lhe equation|27) where Kc is the crop cocHicient

and X is the time base (DAP or TT); S.Ekc is the standard error of the Ke estimates; and N i5 the

number of data points,

Fig. 14e showed the results of comparison of all empirical methods used in respect of DAP.
Considering the peak point values, Ke = f [DAP, RETJ-H]. and Ke = [ [DAP, RET HG] have a
higher vatues which are above the unity while Ke = I [DAP, RETPEN] and Ke = f [DAP, RET B-
C] were below unity, The implication of these resuits on irrigation scheduling according to Steel et
al (1996}, are that J-H and HG methods may overestimute the crop water use, thereby resulting in

higher irrigation amount over the season while (the PEN ond B-C methods may underestimates the
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erop water wse which could result in under-i F-i;ati-.m. They further exploined that, under-irrigation
could lead 1o g.r'iuld losses, which are mone expensive than water costs and leaching losses produced
by slightly over imigating the crop.

The resulls of statistic analysis on each of the empinical methods with reference to DAP
was also shown in Table 5. Although, the results ol stindard emror (5.E) did not agree with ranking
order, as mdicated by the results of coefficient of determination. The  first rated method 15 JH
model with highest value of R = 00902, Followed by PEN mode! with R = 0.900; B-C maodel

with R = 0,893 and lastly HG model with R =0.814.

452 Analysis OT'TT Crop Curve

Figure 15 show the crop curves for ke = [[TT, RET J-H). K¢ =TT, RET B-C); Kec=
TT, RET PENY; and I"f_.q: =f{[TT, RET HG). It was observed in all cases that, Ke values for TT
crop curves were low at the imtial stape of grass development ond increased until the peak poluts
were attmned at about 1050 °C of TT,

It was revealed in Fig, 15e that J-H ond HG methods were the only two methods that have
thetr curves peak points exceeding Ke value of Umily, while PEN and B-C metheds have their
curves peak points below Ke valve of unity. Considering these results from irrigation scheduling
oot of view, LH and HG methods may overestimate crop water use while PEN and B-C' methods
ey tnsderestunaie 1l

The statistical analysis perfouned on each empirical method in respect of TT are also
presented in Table 4. All the methods gave good results as indicated by RY values. J-H ranked first
because of its highest value of R = 0000, Followed by PEN with R* = 0.599; B-C with R'=0.892

and HG with 1B = 0813,
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433 DAPand TT Crup Curves

L]

By compuring the results of statistieal analysis for DAP and TT crop curves as shown in

L}

Talle 5. Results showed that J-H method hod the highest value of 7. Followed by PEN, BC and
HG. According to Steele et al (19960), this result showed that JH method is the most accurate when
considering the empirical methods under the crop curve analysis. Therelore, the preferential onder -
is'}-H=> PEN >B-C > HG.

Furthermore, it was ul:sewed that the vulues of RY in the DAL crop curves arg higher than
1" values in the TT crop curves. This resull according to Steele et al (1996) indicated that the DAP
crop curves are more accurate than TT crop curves, They turther explained that, users ol the results
may however find that TT-based curves more uselul during unusually warm or cool seasons, when

crop development 15 strongly uﬂ‘c:;_tcd by TT

[
¥
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Fg 16 The Croo Curees (or (&) Hepresees (HG), [B) Blans-Crdole (8-S (o) Penman [PEN], [d] Jersen-Haese (UH] Meshods
o2 & hune s of Thermal Timg (TT) a0 (o) Combened Crop Cunves



CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

I oeder 1w establish the crop curves for o reference «rop in the study area, field expeniments

e carried out on babama pross (evoodon dactylon) using weighing mnd  noen-weighing
rolvsimeters. The grass was planted on 12 m by 16 m plot in which o total number of five
rolysimeters were instulled. The design and construction of weighing microlysimeter was
ed on hydrlic panciples using mercury-in-glass imanemeler.  Daily and other  moutine
psurements included manometer scale readings, drainoge water, plant beipht and percentage of
[ coverage. Weighing microlysimeler sensitivity was deermined through c'.'lii.l:lmlliun 1ests which
s carried out on hydroulic welghing microlysimeter using a static load procedure.

Some empirical I'rrnnu!.m: such as FAG-24 version of Penman, Jensen-Haise, Blancy-
ddle and Hargreaves methods were alse used w estimate the reference evapoltanspirlion, The
imeter measured RET and empirically estimated RET values were subjected to data analysis
ng some standard statistical methods. Then, comparison of measured and estimated RET values
e made using the weighing macrolysimeter measured RET values as a relerence of comparison.

Results showed that the two types ol microlysimeters (weighiog type and drainage type)
ve comparable resulls, since the ET values oblained were not statistcally different.  The
ibrution test of weighing microlysimeter showed that a sensitivity of 2 kg load weight caused a
ange of 1 mm reading on the manometer scale which corresponds to 076 cm equivalent water
pth in the lysimeter. The calibrtion test performed also revealed that the hydraulic

icrolysimeter used in this study was stable, since when the lomd ploced oo the lysimeter were

moved, the manometer seade rending retugned to its original position
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The mesults of regression statistics perfonmed on daily and weekly RET against the
ghing microlysimeter RET value showed the ranking of the remaining methods in the following
ef DL =3-H=PEN=B-C=HG, In addition. the seasonal RET value by Jensen-Haise method is the
v method that underestimated the seasonal RET with reference to weighing micro-lysimeter
hod, Results of the statistical analysis showed ihat DAP-crop curves were more aceurate than
crop curves, The moking order of accumey of all empirical methods aecording W stavstical
lysis on crop eurves were thus J-H=PEN=R-C=HG,

With these results in mind, the following recommendations are made;

The drainoge-type microlysimeters should be used only i sufficient number of them are

nstalled 10 ensure that the mean of the desired measurement is representative ol the

reference ET value.

For the purpose of regional comparison, further 5l.u.a..1;-: .'&E{T‘I.I.l‘d be comied uit iﬂul.hm_'_p@ of

the country especially in rescarch centres and Universities.

) Further work using the Blaney-Morin Nigeria (BMN) mmiel- and some other empirical
methods should be carvied out
) Further study using luge scale and g more precise weighing lysimeter should be carried out

1o verify these resulis.

53



REFERENCES

Blew, W, oand ), Hardee, 1993, Design oof a lysimeter for o wetland  envirgniment:
Evapotranspiration of Cattails { 1ypha domingensis) ASAE. Paper No. 93-2516. 5t, Joseph,
Mich.

btew, W, and J Obeysckern. 1995, Lysimeter study ol evapotmospiration 4.:1: Catttails and
Comparison of thiee E:w'[i]lli]lllm[ Methods. ASAE 38: (1) 121-129,

vdeagun, [ O, Nwa E U, Musa, HL and FI Idike, 1998, Constroction, Inﬁlullali:m_umi
Calibration of a Hydmulic Weghing Lysincter ot NCAM, Horin, Proceedings Nigerian
Suciety of Agricultural Engineers, NSAE.

himed 5. AL HL and Ahimed K. E DL 1989, Evapotransparation in Sudan Geezdra Irrigation Scheme
. T, and Dirain. Engrg. 115 (6) ¢ 1018-1033.

Allen R, G. 1996, Assessing Integrity of Wenther Lata for reference Evapolranspiration
Estimation J. Lrrig. and Deain Engig, 122:(2): 97-106

Allen R, G, Jensen, M. E. Wright, J. L. and Burman, K. D. 1989, Dpum!iumri estimates. of
Refercice Evapotranspinution, Agron, ). 81 (4) ; G50-662.

Allen R G.; Smith M., Pereira L. 8.5 ond Perrier A, 1994, An update for the caleulation of
reference evapotranspiration. [CID Bull., 43 (2) : 35-92.

Amatya D, M., Skoges Ro W, and Gregory J. D, 1995, Comparison of methods for estunating
Referencee Evapotranspiration. J, g, and Drain. Engrg. 121(6) : 427-435.

Ayoade Q. AL 1988, Tropical Hydrology and Water Resourcees. Macmillan Puly; London, PP 10-
25

Blad B, L. 1987, Evaporation. In MeGraw-Hill encyclupedia of Se. and Tech. R. R, Donnelley

and Sor  Ltd. $ih edition.

56



Blancy, L F. and Criddle, W. 1. 1930, Determinng Water Requirements in lrigated Arcaas from
climatologiical amd irmgation data. USDA Soil Conserv, Serv. Tech. Paper 96. 48pp.

Borreili, J. and Burman, 15 D, 1982, Evapotranspiration from heterogeneous mountian moadiws.,
Water Res. Ser. 36, Univ. of Wymning, Larnmic, Wyoming,

Burman, K. D, Cuenca B, H. and A, Weiss, 1983, Techniques for Estimating Imigation Water
Reguirements. In : Advanees in leeigation. Edited by Duniel Hillel. Academic Press, Ine.

N, Y

Chang J. IL 1964, On the study of Evapotaspiration and Water balunce. Erd-Kunde. Vol.19.

pp141-150,
Chang, 1. H. 1968, Climate and Agriculture; An Ecological Survey; Chicago; Aldine Publishing
Co.
Doorenbos. J. and Prui, W. P, 1977, Guidelines lor Predicting Crop Water Requirements. FAQ
Irrig. and Drain. Paper 24, 144pp. —
Doorenbos, J; Kassam A 1. Bentvelsen C. and G. Uittenbogaard, 1980, Yield response to water.
i Lerigation and Agric, Dev, FAO UN Pub. Edited by 3. 5. Johl. PP.257-280.

Drugas, W. AL and Bland, W. L. 1989, The accuracy of Evaporation Measurements from Small
Lysimeters. J. Agric. and Forest Meteorology. 46:119-129.

Dury, J, O, 1979, Fast Determination of Varisble Consumptive Use of Selected Crops,
Proceedings Nigerian Society of Agricultwal Engineers, NSAE, Paper No.3-7 (3):135 pp.

Ekern, P. E. 1958, Dew  naeasurements at PRI Uleld Station (Wahiawa)., Pineapple Res. Inst.
MNews 6:134-1335,

Eidin, M.; A, Daudet ond P. Quencey 1969,  L'evapotranspiration Polentielle: application-

definition, principale evaluations, mesure, L Agronomie Tropicale, 24 (2)  174-150.

57



FAQ. 1990, Reporton the expert Commitics (fm;:iulluliun on revision of FAD Methodologies for
Water Reguirements. Land amd Water Development Division, Rome, ltaly.

Frever. . K Hill, B W, and Brogien, B. €. 1982, Estimation of FAOQ evapotranspiration
cocfticients. J, Irrig. and Drain Engre. 108 (2) 1 265-270,

Gamier, B, 1. 1956, A method of Computing Potential Bvapoteanspiration in West Alnca. Bull.
e Minstitut Franeais O Alrique Naire, Dakar, 18 : 065-676.

Gilbert, M. J. and Van Bavel, CILM. 1954, A simple field installativn for measuring maximuem
evapolrspirstion. Trms. Am, Geophys, Union. 35, 937-942.

Hanks, R. J. and R W, Shawerall, 1965, An Eeonwnmie Lysimeter [or Evapolranspiration Studies.
Agron, J, 37 634-636.

Hansen, V. E.; lsmelsen, O, W, and Stringham, G. E. 1979, Irrigation Principles and Practices.
Fourth eds. John Wiley and Sons. Inc. PP 125-139,
Dirain. Engrg, 113 (6) 2 1000-1007.

Horgreaves, G, H, and Samani, 2. A, 1982, Estimating Potential Evapotranspiration, J, Imig. and
Dyrain, Engre. ASCE, 108 (3) ; 225-230

Hatficld, J. L. 1988, Research Prioriitics in Evapotranspiration: Evolviing Methods Trans,
ASAESL (2) 1 490-4495,

Henderson-Sellers, A, and Robinson P, L 1986, Ceontemporory Chimstology. Longman Group
LULE. Lul. pp.94-95

Itier, B. 1994, Measurement and Estimation of Evapotmnspiration, In : Sustainability of lrrigated
Agriculture. L. $. Percicn, Feddes, J. R Gilley and B. Lesallre (eds.) NATO Worshop

VIMEIRO (Port.) 171-1Y2, |

58



Juckson, [, ). 1977, Climate, Water and Agricultute in the Tropics. Longman Group UK. Lid.,
Longmaon,

James, L, G. 1988, Prancrples of Farm fmigation System Design.  John Wiley and Sons, Ine. 10-
Jopp.

Jensen, M. E. 1974, Consumptive Use of water and lnigation Water Requirements. A report
preparcd by the Tech. *'.','ﬂ;ml'll. S l.l'J'ingilJ-Il Water Requirements, lerig. Drain, Div., Am.
soe, Civ. Engi. 215p.

Jensen, M. E. and HL &, Haise. 1963, Estiniting Evapotranspiration from Sola radiation, 1. lrrlg,
and Drain. Div, An Soe, Civil, Engr. 39 : 15-41.

Jensen, M. E.; Burman R DL and Allen,G. 1990, Evaporation and imigation water requirements,
ASCE Manual sad Rep. on Engrg. Pract. No.70, ASCE, New York. )
crop and soil data. Trans, ASAE 14 ; 954.939,

Kowal, J. M. and A. H. Kassam 1974, Water Use, Energy Bolances nnd Growth of Maize at
s, Morthern Nigeria, Samaru Research Bul, 218,

Kowal, J. M, ond A. H. Kassam, I]I‘JTB- W|;11:r Use, Energy Balance, and Growth of Gero Millet at
Samwry, Northem Nigeria, Sunmunru Research Bulletin 263,

Kowal, L. M. and K. C. Fanlkner. 1973, Cotion Production in Nonhem Staes of Nigeria in
Relution 1o Water Use. Samarn Research Bul. 234,

Rowal, J. M, and Stocckinger, K. B, 1973, Construction and Performance of Weighing Lysimeter.
Samary Mise. Pap., 44:1-8, "

Kruse, E. G, ond Neale, CMUL 1989, Sourcees of Eor in Hydraulic Weighing  Lysimeteer

Measurements. Trans, ASAE. 32 (1) ; 81-88.

59



L}
Lawson, T, L. 1979 Consumptive Water Use for i.:'m'-'pr.:a. In Soil Phivsical Prroperiies and Crop

Producction in the Tropics. Fds, R Lol and 12, ). Greenlond John Wiley and Sons Lid.

P.227-234.

Linsley, B, K. Kohler, M. A and 3 L, FL Paulhus, 198%, Hydrology Tor Engineers: MeGraw-Hill
Book Company, U, K. pp.126.

Mailbol, 1, C.5 AL AL Olulaye and Ruelle, P. 1997, Sorghum and sunflower Evapotranspiration and
Yield from Simulated Leal Area liwlex. J. Apric, Water Mgt 35:167-182.

Malwm, B, O, and M, O, Ogundokun. 15997, Studies on Soil Spatial Vanability of Experimenntal
Farmland of the Department of Agriculiuwal Engineering, FUT, Akure.  Unpublished
Thesis for award of Postgrraduate Diploma in Agnc. Eng. Dept. pp.de-38. L

MecKenney, M. 5. and Rosenberg N, 1. 1993, Sensitivity of Some Potentiinl Evapotranspiration
Estimation Methods to Climate Change.  Agric. and Forest Meteorology, 64:81-110.

MeMNaughton, K. G. and Jurvis, I'. G, 1984, Using the Penmann-Monteith Equation Predictively,

Agric. Water Munuge., 8 : 263-274, | - I

Mobammad, F. 8. 1978, Evaluation of methods {or Predicting Potentiial Evapotranspiration in
Humid Regions. Ms thesis, Morth Carolina State Univ, Raleiigh, N. C.

Monteith, 1. L. 1965, Evaporation and the Environment, In the State and Movement of Water in
Living Organisms, XEXth Symp. See. Expl. Bio, Swansea, Cambridge University Press.,

Oad, 1; Lusk, K and T Padmore. 1997, Consumptive use and return flows in Urban Lawn wse, 1.
of Trrig. and  Drain. Engineering. 123 (1) : 62-69.

jo, 0, 1977, The Climates of West Africa. Heinemann, London.

Penman, 11 L. 1948, Notuml Evapotrmnspimtion lrom Open Water, Bare Soil and Grass, Proc,

Rov, Soc, of Lomdon 193:120-145,

£+



Penmuag, |1 L. 1956, Evaportion: An llflJ‘LK}ul:[ﬂr}r Survey, Neth Journal of Agric. Scicnce, 4:
P> 8-2w

Pertier. AL Archer, T, ond Blaneo de Pablos, AL 1974, Elode de evapotranspiration feelle o
maximale de diverses cultures: disposiitil et mesures, Ann. Agron. 25 697-731,

Steele, 1, D A, H. Sajid and Prunty L. D, 1996, New Com Evapotranspiration Crop Curves for
southenstern Nocth Dakota, Trons, ASAE. 39 (3): 931-936.

Tanner, €. I 1967, Measurement of evapotmanspiration.  In: Irrigation of .-'hgrh:ull.l.um! Lands..

Am. Soc. of Agronomy Monogrph Mo.l 1. 534-574

Terry, P, J, and R, W, Michieka: 1987, Common Wecds of East Africa. FAQ Publication, Rome.
Edpp.

Thomthwaite, C. W. 1948, An approach Toward a Rational Classification of Climate, Geopraph
Rev, 38, i |

Thomthwaite, C. W. 1955, The Water Balance, Publivations in Climar logy, Vol.8, No.|

Udeh, M. C. 1979, A Lysimeter Detenninntion of Consuiptiive use of Swamp Rice. In

Proceedings of Nigerian Society of Agricullural Engineers. Edited by Odighoh £ 1. and

G OL T Ezeike, 3: 120-134.

Van Bavel, C. H M. 1966 Potentinl Evaporation: The Combination Coneept and its experimental

vertfication,  Warer Resources Res., 2 (3); 435467,

Wrght, J. L. 1982, New Evapotranspiration CocfTicients. J. Irrig. and Drain. Div., Am. Soc. Civ.

Eng. IR], 57-74,

0l



Appendix 1:5o0il Chemical Compaosition of the Experimental Site

APPENDICES

Field pomnt  Depth (cm) Chemical composition(Meg/100g of sail)
PH Organic MNitrogen phosphorus Patassium
Matter (%)

Cll I-10 6042 222 1l 1.40 022
cl2 10-20 6.54 238 012 1.40 0.03
C3.1 0-20 6.5% 2.37 0.12 0.70 .16
C5,1 0-10 6.54 223 011 .56 0.05
C5.2 10-20 7.54 3.95 0.20 4.20 047
Gl 0-10 1.58 .76 0.09 1.75 0.05
G2 10-20 7.18 3.19° 0.16 2.8 0.18
G4,1 0-10 6.73 2,12 0.11 140 0.0
G4.2 10-20 6594 3.01 0.10 2.10 0,05
G5, 1 0-20 .56 230 0.12 L.75 0.03
05,1 =110 .46 1.05 0.13 0.70 027
G52 10-20 6.26 J.62 018 3.10 0.08
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Appendix 2: Mechanical Composition of Farmland

Degh (chy) Mechanical Composition (%)
Sand Silt Clay
F3
0-10 37 42 21
10-20 40 42 15
2030 38 20 |2

Appendix 3: Calculation of Surface Area of Lysimetfers

Diameter, I =58 ¢m =530 mm ; Height, H= 43 cm =230 mm

) Lysimeter Surface Avea, A = nD* /4 =2.642 x 10" mm®

Appendix 4 : Calculation of Surface Area of Rain-guage

Diameter, D =12.5 cm

Rainpoagh Surfoce Area,"A = 2% /4 =123 x 10' mm®

Appendix 5: Determination of water Depth

For a given load (i.e. volume of water) the corresponling water depth m the |vsimeter is
calculated as follows:

Equivalent water depth, d{mm) = water volume mm'/ Lysimeter Surface Ared mumn

(3



