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ABSTRACT

tm= nmiect focuses on the lysimetric estimation of the crop water use of waterleaf
SSTriangXe) The crop water use of water leafwas determined usmg lysrmetnci"n"e"vapotranspiration (ET), abasic component of the hydrologic cycle
vTSSatod Three weighing lysimeter «, constructed -d -. up °n afiel^d *
Llv disDlacement of water in the vehicular tube was read on tile connected nose
Shedl to aS mle due to change in weight as water enters or leaves the lysrmeter
2?Srifccrop water use. The crop water use estimated usmg the lysimeters
we^ c^mpaTed whh estimates based on weather data. Using ET measurements acrop
cu^e fo?v^terkaf (Talinum Triangulare) was developed; the crop curve »«*?ltoIlyt-e irrigation-water requirements for agricultural crop. The: ETwa,
determined using the three sensitive micro weighing lysuneters Daily reference^ZspS (ETo) was calculated using the Hargreaves FAO-5compu=
standard The results showed that the average daily water use of the waterleai (1 annum
MaSare) ftom the lysimeters declined from 21.20 mm/day at the early^cropgrowth
S0T7.OO rnm/day at mid-season and increased to 43.2 mm/day at h^nd of the
SonWe used lysimeters to estimate the crop water use of waterleaf (Talmum
SX) tan July 28,2011 through September 25, 2011. These values can be used
to eXaK irrigation reqtnrements and increase the efficiency of water use with respect
toSrSlTriangulare). The mini-lysimetry technique has thus offered an
1™ and cheaper opportunity to estimate crop water use and other components of the
soil water balance under rainfall condition.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background tothe Study

Waterleaf (TaUnun. Triar.gu.are) is anon-conventional vegetable crop of the portulacea
family which originated from tropical Africa and is widely grown in West Africa, Asia, and
South America (Schippers, 2000); Waterleaf as avegetable has some inherent characteristics
which makes it attractive to small-holder farmers and consumers. Firstly, it is ashort duration
crop which is due for harvest between 35-45 days after planting (Rice et. al, 1986). Secondly,
in the study area i, is used as a'•softener" when cooking fibrous vegetable, In Nigeria, it is
widely accepted across various ethnic groups and some local names by which it is called are
xgure" in Yoruba and mmon-mmongikong in Efic/Ibibio among others. Water leaf is arich
source of vitamin A, B, and C, which helps prevent constipation and promote digestion. I, is
also an acid neutralizer (Aduku and Olukosi.,1990).
The crop is propagated mostly by stem cutting and rearly by seed. The yield is higher when
propagated by stem cutting as compared to the seed planting. The short maturity period of
waterleafis an advantage as compared to other vegetables
Waterleaf (TaUnun, Trian.ulare) has been proven to be high in crude-protein (22.1%), ash
(33.98%), and crude fiber (11.12%) and also has some medicinal values in humans as we| as
acting as green forage for rabbit feed management (Aduku and Olutai.,1990).
,n addition, waterleaf production provides acomplementary source of income to small-scale
farming households (Udoh, 2005).

Alysimeter is adevice ma, isolates avolume of soil or earth between the soil surface and a
depth given which includes apercolating water sampling system at its bottom" (Kohnke e. al.
1940).

I
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They are the standard tools used to analyze relationships among soil, water, and plants, as
weU as water quality research. The firs, lysimeter ,o be used for wafer use studies is attributed
to De la Hire ofFrance in 1688 (Kohnke et al. 1940)

Lysimeters are used to define water movement across asoil boundary.
Weighing lysimeters determine ET directly by measuring changes in mass ofasoil container
with plants positioned on ascale or other weighing device. They have been in use for
measuring crop water use since the first one was constructed in Coshoctan, OH, in 1937
(Kohnke etal. 1940).

1.2 Statement of the Problem

Essentially, all plants require water for survival. Crop water use is the water used by acrop,
for growth and cooling purposes. Water used by crops serves several purposes including,
translocation of minerals from the soil into plan, tissue; relocation of carbohydrates and other
ptart-produced substances from the leaves to stems, roots, fruit, and storage organs; and plant
cooling by means ofevaporation.

Knowledge ofevapotranspiration rates in this region is the fundamental basis for determining
the water use of water leaf (.Talinum Triangulare). Using micro weighing lysimeters
measure crop water use and prescribed methods to computo reference evapotranspiration
rates, as much work has no, been done on the water use determining of water leaf (Tal^m
Triangulare) in the study are, It is therefore imperative that we carry ou, astudy on the
water use of waterleaf^Talinum Triangulare) in order to maximize the advantage of its short
matitrity period, nutritious characteristics as well as its relative cheapness for small and large
scale farmer both in its production and market value.

i
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1.3 Objectives of the Study

The goals set forth in this research are as follows:
;. To determine daily and peak evapotranspiration of waterleaf (TalinumTriangulare)

using weighing lysimeters.

ii. To determine the water balance ofwater leaf plant

1.4 Justification of the Study

As population increases, food security is threatened; thus the need for more vegetables such
. waterleaf (Tallinum Triangulare, The continuous cultivation is of vital impose in
order to achieve autonomy in terms of salad crop widely used in the preparation of soup (a
^or part of meals in Nigeria, Thus, an appropriate water management must be planned
based on the rate ofevapotranspiration and the crop water requirement oftins crop.

1.5 Scope oftheStudy

In .his project, «ne lysimeter method is used to measure and compute the crop
evapotranspiration for waterleaf (Talium Triangulare,

i
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Background

Many experimentation had been conducted on the determination of evapotranspWion rate of
several crops by some researchers. Almond with reference to the project area, few studies
have been carried out so far on crops evapotranspiration.
Lysimeters used for evapotranspiration (ET) research are typically classified according to
their design and use as follows; monolithic or reconstructed soil profiles, weighing or non-
weighing designs, and gravity or vacuum drainage designs. Monolithic lysimeters attempt to

filling Schneider and Howel,(1991) ma, is done when using reconstructed soil profiles in the
container. Weighing lysimeters determine evapotranspiration directly, by the mass balance of

-.Mn* lvsimeters indirectly determine ET using the volumetric soil-water
the water; non-weighing lysimeters muuev i

balance in me container (Howell e, a,., 1991). Vertical drainage through tire soil column Cfi
bemeasuredusingeimeragravi^drainage design, or adesign ma, uses avacuum system (if
4e lysimeter is designed in such away ma, gravity drainage is inconvenient).

2.2 Types of Lysimeter
Mainly there are two types of lysimeters, they differ in me way

moisture is determined and are the weighing and non weighing lysimeter,
22! Weighing lysimeter (*» called "evapotranspirometer) was developed to provide a
airect measurement of ET. Alysimeter is adevice, atank or container, used to define the
Water movemen, across aboundary. ACually, only a"weighing lysimeter", can determine^ ET

which change in soil
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^yfiomthemassbalanceofthe water, as contrasted to anon-weighing lysimeter which
ntditectly determines ET from the volume balance (Howell et al., 1991).

« way as the surrounding field. The lysimeter leans on sensor (a balance) capable of
measuring the weight variation due to loss of water. However, the weighing .ysimeter data
„ not always representatives of the conditions of the whole field but, ofte, they oruy
representtheET of one point inthe field (C^bet and Cuenc, 1991, If me lysimeter surface
^areaimmediatelyarounditaresurroundedbydriervege.tionorbaresoil.anoasiseffec,

vegetation. All these defauhs cause an increase of ET as compared ,o ,he surrounding cro,
TMsoverestimationofETcanbeparticularlyimportanUnahighradiationcUmatesuchasin
me Mediterranean region (Howell e, a,., 1985;1991, The weighing lysimeter, inspite ofJ
problems and inconveniences ma, limi.ed its use, is often considered to be the reference .
method, and is used in particular for well-watered crops to test the other ET measurement
methods.

rnicrometeorologica, approach), from the energetic point of view, evapotranspiration can be

.eaves and plant organs and from the soil to the atmosphere. In this case, i, is called ^ent
vflux density (Wm2). Under this form, ET can be measuredheat" and is expressed as energy flux density (wm ;

* the so-called ^meteorological" memods. These techniques are physically-based
mi carried out by applying the laws of thermodynamics and of transport of scaiars hito the
.tnosphere above the canopy. To apply the mi—ological memods, it is usplly
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necessary to measure meteorological variables with sensor and suitable equipment placed
above canopy.

Micrometeorological methods measure tire actual ET wuh error on the final value of ET
around afraction of mm of water. Thus, they remain very suitable memods for measuring ET
in semi-arid and arid environments, where the values of ET are often very low during drought
periods (from spring to summer). The only exception is the aerodynamic method, which can
be used only below acrop height of 1.5 m.
Another advantage of tire micrometeorological technique lies in the fact tot they give
accurate ET values on different time scales; to hour, the day and, consequently, also to
Week and to whole season. Therefore, toy can be adopted for studying the theoretical
aspects of water consumption and to response of the crop to to water supply. The
micrometeorological methods cause small disruptions in the soil-canopy-atmosphere
environment, since they require small sensors easy to ins* even though good knowledge of
electronics and informatics is needed. The micrometeorological methods include to Bowen
ratio, to eddy covariance and the aerodynamic one.

A

2.3 Design

Advances in ET lysimetry have focused on duplicating field conditions in to container
surrounding field through the use of larger lysimeter, Although

some aspects of lysimeter design are often duplicated or reused, Kohnke e, al. (1940, warns
that "no one construction should be regarded as standard in alysimeter and that aprober
design can be made only by having an accurate knowledge of both to purpose of
experiment and of to pedologic, geologic, and climatic conditions, Pmitt and Lourence

closely as possible to the si

as

(1985) also caution lysimeter users to critically evaluate all agronomic aspects, to ensure



high-quality ET data, since major errors in ET data are possible even with an accurate
lysimeter.

The design of alysimeter should always be appropriate to to type and scope of research
performed. However, some main elements are inherent in all lysimeter designs; ET accuracy,
shape and area, depth, soil profile characteristics, weighing mechanisms, construction, and
sitting. Each design element is discussed in more detail as follows:

23.1 ET accuracy: ET measurement accuracy is dictated by to planned measurement
interval (weekly, daily, hourly) and values ranging from 0.02 to 0.05 mm ar^
commonly cited as the resolution or precision of weighing lysimeter systems (Allen et

al., 1991).

2.3.2 Shape and area: The shape and area ofto container should be adirect reflection ofto
expected crops to be studied and their root depths. Differences between lysimeter
surface area and crop geometty can bias to soil water evaporation and crop
transpiration relationship, but this may not critically affect ET measurement for grass,
alfalfa, or small grains or otor broadcast planted crops (Howell et al., 1991,

2.3.3 Depth: The depth of to lysimeter should be based on the rooting depth of to
which is to be studied. Van Bavel (1961) advised that lysimeter depth should permit
development of normal rooting density and rooting depth and provide simi
"available" water profiles to to field profile.

2.3.4 S.U profile characteristics: Although monolithic lysimeters may preserve to e^act
physical, chemical, and vegetation characteristics of to surrounding area. Many

crop

the

similar
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weighing lysimeters have utilized reconstructed soil profiles for ET measurements and,
when carefully reconstructed, provided accurate ET data (Pruitt and Angus, 1960).

2.3.5 Weighing mechanisms: Mechanical scales have been widely used in weighing
iysimeters since to 1950's and permit to precise measurement of to mass change of
water within to lysimeter (Howell et al., ,991). Load cell lysimeters measure to total
weigh, ofto lysimeter; this leads to to accuracy of ET measurements being dependant
on to accuracy ofthe load cells and the area to mass ratio of to lysimeter design.

23.6 Construction: Most lysimeter soil contains are made using either steel, reinforced
fiberglass, or plastic as to primary construction material. The gap between to inner
and outer tank of aweighing lysimeter should be designed as narrow as possible to
prevent unnecessary wall heating while allowing for ample clearance to avoid contact
between to inner and outer tanks. The gap between tanks must also be covered to
prevent water intruding due to rainfall or irrigation.

2.3.7 Location: Windward fetch must be accounted for when choosing asite for ajiy
lysimeter. Asufficient distance of fetch consisting ofthe same vegetation and moisture
regimes as the lysimeter is necessary to ensure that the lysimeter is representing the
same environmental conditions as to entire field. Minimum fetch distances should be
determined based on to height at which weather recording insttumenta are operating.
For instance, if wind speed, humidity, and temperature are being recorded at a2m
height above ground surface, ton awindward fetch of 100 to 400 mshould
provided given suggested fetch ratios that vary ftom aminimum of 1:25 (Allen et
1991) to as much as 1:200 (Jensen et al., 1990).

be
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2.4 Operational Requirements

Potential lysimeter errors can be reduced using strict design and maintenance regimes.
Lysimeter operators and users of lysimeter data must be knowledgeable about to consttaints
„f proper environmental management for the lysimeter site and to resulting interpretation of
lysimeter data. The accuracy of lysimeter data depends on to ability to achieve identical
conditions between to lysimeter and to surrounding field. If lysimeters are designed
specific requirements for to research performed and are operated properly, ton they can be
utilized as precision tools to measure actual evapotranspiration. Through proper use,
precision weighing lysimeters are the most practical research tool for direct measurement of
daily evapotranspiration and an effective approach to conduct crop coefficient stidies
(Howell et al., 1985; Yrisarry andNaveso, 2000).

:

-T

2.5 Evapotranspiration

Evapotranspiration (ET) is to toss of water from avegetated surface through
combination of to evaporation of water fiom to soil or plant surface plus to transpiratic:
of water that is transported through the plan, and released to toatmosphere as water
ET is abasic component of to hydrologic cycle. The knowledge ofthis water balance term
essential for to planning and operation of water resource project, Evapotranspiration is t
loss of water from avegetated surface through to combination of to evaporation of
from the soil or plant surface plus the transpiration of water that is transported throng
pUint and expelled as water vapor. Evaporation and transpiration are affected by
radiation, air temperature, humidity, wind speed, and soil moisture. Transpiration is
affected by soil moisture and crop characteristic, ET is commonly expressed in units
either depth per time (e.g. mmday') or energy per unit area over aspecified time (e.g. MJ

to

n

vapor,
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le

water
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^) Cuenca (1989) gives adescription of the evapotranspiration process as "the
combination of water evaporated from to plant and sol, surface plus that amount of water
which passes through the soil into roots, through to stem of to plant, and to the leaves
where it passes into to atmosphere through small pores termed stomates."
An accurate estimation of evapotranspiration is important to water supplies (surface and
groundwater), water managemen,, aud to economics of multi-purpose water projecta (i.e.
irrigation, power, water ttansportation, flood contiol, municipal and industrial water uses, and
wastewater reuse systems). The political implications of water use issues affected by
evapotranspiration include to negotiation of water compacts and treaties and to litigation
and adjudication of water rights in major river systems (Jensen e. al., 1990).

251 Reference Evapotranspiration

The evapotranspiration rate from areference crop surface, not short of water, is called to
reference crop evapotranspiration or reference evapotranspiration and is denoted as ET.. The
methods for reference ET calculation can be categorized into four groups: combing,
radiation, temperature and pan evaporation methods. Combination methods, to mft
commonly used methods, include radiation (energy balance) and aerodynamic (heat and mfs
transfer) terms. Typical combination methods are FAO Penman (Doorenbos and Pruttt,
1977) Kimberly Penman (Wrigh, 1982), Penman-Monteith (Allen et al., 1994a), to FAO
Penman-Monteith (Allen et al., 1998) and to ASCE-EWRI Penman-Monteith (Walter e, -
2002) Penman (1948) established the modern reference evapotranspiration standard
separating to term into two components to, drive to process simultaneously: an available
energy term, and amechanically derived term driven by atmospheric vapor transport. The
combination of these two terms was to firs, time ne, radiation was introduced into •-
physical modeling of evapotranspiration. Doorenbos and Pruitt (1977) defined reference

al.,

by

J
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.„ be -to rate of evapotranspiration from an extensive surface of 8,0 15 cm tall. Allen
(1994) introduced to idea ofahypothetical reference crop so that crop characteristics could
be applied to to reference evapotranspiration definition. Jensen (1990) defines reference ET
as to rate at which readily available soil water is vaporized fiom specified vegetated
surfaces. Arecent definition of reference ET adds aminimum fetch specification to to
requirements se, by FAO 56: "the ET rate from auniform surface ofdense, actively growing
vegetation having specified height and surface resistance, no. short of soil water, and
representing an expanse of at least 100 mof to same or similar vegetation" (Walter et al.,
2005).

The standard method for determining ET„ was established in 1990 during consultation of
experts and researchers from to Food and Agricultural Organization (FAO) of the United
Nations in collaboration with to International Commission for Irrigation and Drainage
(ICID) and to World Meteorological Organization, to review methodologies on crop water
requirements and to advise on procedures to use meteorological data to estimate ET.(Allen et
a, ,998, The method to, was agreed upon for calculating reference evapotranspiration |s
Known as to FAO-56 Penman Monteith (FAO 56 PM) method. The guidelines presented by
Allen et al. (1998) can be used to compute crop water requirements for both irrigated and
rainfall fed agriculture and for computing water consumption by agricultural and natural
vegetation. Arecent ASCE-EWPJ standard method to calculate reference ET has been
published (Walter et al., 2005), but for daily calculations of reference ET on grass, to
guidelines are identical to toFAO 56 method.

11
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252Actual Evapotranspiration

Actua, evapottanspiration or crop evapotranspiration (ETC) is to actual amount of water
removedfromasurfaceanddeliveredtotheatmospheremroughtoprocesses ofevaporation
and transpiration. This term has historic* been difficult ,o measure directiy, bu, with to
adven, and technological advances within to field of lysimetry, to term can be more readily
measured. I, is quite difficult to separate evapottanspiration into evaporation and
respiration, so to combination of to two is widely used in water balance studies.
Lysimeters have been considered to most reliable research tool for direc, measnremen, of
crop evapotranspirationandhavebeenregarded as the standard for another methods (Howel,
e. a, 1985;Burman and Pochop, 1994; Burman et al., 1983, Howe,, e, al. (1985) states that
weighing lysimeters are considered the most practica! research tools for to direct
measurement of daily ETc. The actual evapottanspiration rate of any crop tot is planted ina
weighinglysimetercanbemeasuredbymonitoringtochangeinweightforequivalentlyto
change water storage) of to soil container. Monitoring and measuring all inputs and outpu
„f to lysimeter allows for to measurement of ETc. Positive changes in weigh, indicate
additionofwatertotosoilcontainerintoformofeitorrainfallorirrigationwhilenegative
weight changes indicatetosubtractionof water from the soil container toough eitor actita,
evapottanspiration, drainage, or runoff. Thus, asoil wafer balance equation can be written:
ET =P+I±Ro =ET +D±AW

2.6Crop coefficientAcropcoefficienU^isanumericalfactorthatrelates actual evapottanspiration (ETc)of
individual, we,, watered crop to the reference evapotranspiration (ETC The crop coefficient
accounts for to characteristics of acertain crop and its phonological growth stages.
Bimensionless Kc values are calculated (Doorenbos and Pruitt, .975; ,977): Vrisarry (2000)
states that precision weighing iysimeters are one of the most effective methodoiogies for

12
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direct crop coefficient studies. Using known values of ETC and an estimate ofETc, Kccan be

mecrop curve is useful for most hydrologic water balance stutos, especially those involving
nrigation planning and management, and for to development of basic irrigation schedule,
Average crop coefficienta (on amontoy basis) are usually more relevan, and more
convenien, man to Recomputed using adaily time interval (Allen e, a,., 1998).
Knowledge „facrop coefficien, can be auseful,oolto establish crop water usage and canbe
nsed in to agricuhural industty as ametod to determine acttial evapottanspiration based on
estimated values of reference evapotranspiration. Practical crop water requirement* are

f^Mv the FA056 Penman-Monteith equationreference evapotranspiration equations, preferably the tAU>o

according to( Allen et al. 1998).
Tne knowledge of to crop water requirement on amonthly basis is critical for proper
hrigation management. Given aknown actual evapotranspiration for aspecific crop and an

crop coefficients over avariety of crops and for avariety of seasonal conditions can lead -
the better understanding and management of irrigation water resource,

27 Seasonal Consumptive Use
This istototalamountofwater use in evapotranspiration by acropped area during to enfire
growing season.

2.8 Irrigation

™. refers to to application of water to land fa accordance to crop water requirement
throughout to crop growth and developmental period. While some areas have more ton
enough rainfall, agricultural land in other areas has to be irrigated. No, only arid and 4-

to

13



arid regions are irrigated but also sub-humid areas where irrigation supplements natural
rafafal, (Lanthaler 2004, Irrigation aims to recharge soil to the field capacity fa the layer
rromwhichroots absorb water. The amount of water applied depends on weather, soil.plant,
crop and economic conditions. Insufficient water supply leads to adecrease of yield but too
much irrigation wiU increase losses of percolation (and can cause ahigher water table and
salinization ofsoil) and evapotranspiration.

29 Relevance of Agriculture in the Economy

managing agricultural activities for food crops at »untry level. The estimated values clear,

effect on yield, This means that different crop and soil water management practices need to
be adopted (Pruitt and Angus, 1960) such as:

d) Maximum use ofrainfall (water harvesting, runoff reduction, early
planting, etc.);

m Minimizing water loss (evaporation reduction by mulching or rapid crop cover, wind
shields, minimum tillage, weeding etc).

m Being water-efficient (planting low water consuming crop species, adapting
fertilization to to water available, optima, planting and seeding, selection ofvarieties
tha,caucomple,etoircyc,ewithintolengtiioftoclimaticgrowi»gperiod,etc.
These Sttategies allow abetter use of to available water at to farm level.

i

-

i

\
]
i

I
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CHAPTER THREE

3.0 MATERIALS AND METHODS

^.l Description of study Location exTJerimental
j • „+w> 9011 rainy season at the expeniuouThefieldexperimentwascarriedoutduringto2011ra>y

,of Chemical Engineering and the Department of AgriculturalftCdsbetweentoDepartmentofChemica g ^ Anj
an0 Bio-Kesources Engineering in to Federal of

„latitude 09°34'N and longitude 06 28 b. Nige
Minna lies on alatitude u* :> rPQnectivelv The wet

o A* wet and dry seasons respectivelyan, is characterized by two drstinc, seasons, to wet an ry
starts in April and ends in October with to mean maximum ramfallseason starts ,n AP ^̂ ^ of 1220mm.The average maximum and mimmum

August. Minna has amean annual rainfall of nd mean annual relative
11T and 28°C, respectively and mean annuatemperature for to reg,on are 31 Cand

humidity of 59%.

Fig 3.1. Map ofNiger state, showing the study site.

15



^weatordataofthestudylocationfortheperiodwhentostudywascarriedoutis

presented in Appendix U.V.W.X and Y.

32 Lysimeter Construction

Aset of 3-drainage lysimeter were used to determine to to Evapottanspiration (ET) ,d
HeEvpot^pimtion (ETo) for water leaf (TalinumTriangulare, Ameta, steel she.
of 16gage was cut into suumm vy, • of 200mm to brace each sides of the meta, sheet. An angle iron of 200

l, he. . an,e iron of 500mm by 500mm welded horizontally .th aplyw oo
lmby490mmseating on,A ,2mm by 12nrm portion of plywood w, cut out *
4yumm uHy t b was fuied

a • ;„♦« the drainage collection bottle. Atyre tuoe wacenter for percolating water to dram into the dramag
r «, on its valve to enabe the easy observation of weightwith water and aflexible tube was fixed on its valve

, +i, >t„fcp Also on the tyre tube was another

, • „, the first with adrilled hole of 12mm on which ^heplywood of the same dimension as the first witn
piyw -a t ap ivsimeter was an angle iron ol•1 ~f on ka seats One side of the lysimexer wa

'~-::;r,i"i-::-.-.«----»

16
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Plate 3.1 :A micro weighing lysim^r,

3.3 Lystoi^ttfiiistfti**^11

"" .... w. ma meter rule of 75(toBB lottg, »<aeWW»

lta pressure everted on , The W** -be w. ^ - •— *"- *
.ysimeter - was plaoed on ^ ***** - - — -*~ **" f

17



43

i

1-

J

:

A
4

i

ofaSoin

lyiimftfT

water be;

nvhlchft©

gispefided

surroindii

diameter wd 15 e» deep whM «oliNt» the Aitoed water ft» tebottom of ft*

whs* tkt soileaa hol& Aa opening was matefe the•««*» ofH*f>tatfe*»«P<*

**» mtaO, to© ^ehftft «nap eolieetorwaifttedstteli^tto^liewwis

<*ev» the gwttd mfe* This was done to peyeat wfaw«t fern tat

IMm «Bteri»g ittto itthe toiaip collector,

Plate &2t iyameter iastaiatta* and spacing.

m

=*

i



DrainauL-

collection boulc

M.3*a*********~«***-—•• «-*ofweisW
wellas #i© drainage ^©llecttonptesie W*le.

*r
--1**

,-*5

#

. >***t . „ „_

*5H

Plate 3.4; vehicular tube filled with water

34 CnlflvnttoBOfWater l**f

Based on knowledge of the mode of propagation of waterleaf (.MtomTrtangutare), the
cultivation was done in Ore evening using one of the know, metttods ofwaterleafcultivation

It

Knapsacksprayer
throughwhich

vehicular tube was

filled

.# y
t?

change as;



4

4

tog, as SWl« ofwaterleafstem** cot fto» an already
aehed and then inserted into *esoil in the

hours after it was detached tansource and «

which was the method of stem emu,

existing waterleaf plant sows «M> i» to*
lysimeter pot within aperiod oftwo

ptete,S:Cul«v.tic»ofw^^^^^

35 c.n.pt.*«tt<»ofer«p*»ter«s««r.TO«ie^ta«*«w

toagh WM* «eter * takes Levant reading for mmW«er *«•- •» -
could hold #aaed by grawty ttew# *» W*018 * m§ yf

v mtM on the field to ateawe daily rainfall depth. AsElector. A ram gauge was stalled on we i«^
, , ^ihe^P^waterlogevaporation took place and the t*«p «sco w*

^^^---—*«M",',,••*',••M,''"

howly throughout the orop growh* seasor, hereon *• and S« . * d—

20



i

i

•J
\
1

1

I

s
3

• t„ tank between two consecutive
i„ weight of the lysimeter tank

— fadieated by the di« mt ^^_ dratoed.
result of the water added from -*« ^^ would ta due to crop water
^en there is no rainfall, or drainage, me d ^ w^roin„ the level of
_ The weight of me lysimeter tank on any ^ ^^height of water fa the
ttbe and known weigh, packed into the lysimeter tank.

W=0.5281 *H+6.8057 •
(r2 =09972)asgeneratedfromTablekbelow

^mmmulative and Displacement of» .tWeiehtofStones^omputedCummuiativTableS.V.TableofRespectivesReadWeighto

Water Read on Meter Rulei

\

i

2

3

4

5

6

7

8

9

10

2.4

1.6

3.7

1.9

5.5

0.9

0.7

2.4

2

2.1

8

10.9

22.7

23.8

25.9

30.2

33.3

7.5

11.2

13.1

18.6

19,5

20.2

22.6

24.6

21



i

Figure 3.2: Graph of cumulative weight of stone against height.

• v dHisheightofwaterinthetubereadonmetrerule

. ,„,, to deDth of water in mm/day using afactortranslated to depth ,^ density of water. When rainfall, drainage evenB
surface area of the lysimeter tank and the density ^
0COTre. their depths were tirst subtracted from me change in weight
and the reminder was the crop water use.

The

nremod used for this project was based on water balance equation given as the follows:

Input- Output =±AW

p+I_(Ro +Dr +ET) =±AW

• ™hw flux for agiven time period refers toThe incoming water nux iui a B

p = Precipitation.

I = Irrigation.

22
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TheoutgoingwaterfluxreferstoET P
Ure soil and transpiration ofme crop.

D=Deep percolation or drainage water.
te„t (W) of the isolated soil mass overagiven period of time.

AW =Change of water content (W)
• , Normally the protruding rims of the lysimeter

Ro -surface runoff, to or out ofthe lysimeter. Normally th
^prevent any to or out of the system.

• «m all other terms of the water balance equation mustTo determine the evapotranspiration (ET) all other te
be measured according to:

i et=p+i_d±aw

(4)

• m »„ be directly measured by conventional methodsPreciptotionmandirrigationOcanbedireCy
a„d caUbrated containers. Special arrangement are made

such" T -—--——- - - (D)-AW"telystaetertodra»iandmeas^m mettr „le is in mi„imeter(mm) and have to converted to
change because the readmg from meter ru ddinea known weight into.eightand.iswasdonebycahbratfagmelysfatetersetupi.e.byad^a,

,^ setting different height on the manometer tube, agraph
me iysimeter pot and getting ^ ^ balance equation is re-againstheightwasgotttenandwhichgivesW-0.06H 12.8!.

write to be

Et =P_Dr-(Wi+i-WO*Cf.

Et
=Evapotranspiration (mm/day).

p=Precipitation (mm)

Dr =Drainage in( mm) in day

(5)
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Wi=Weightoflysimetersoilonday

Wi+i
=Weight of lysimeter soil on an im

Ltervalofthe days after rainfall

cf=Afactor converting weight to an
univalent depth of water.

t to derrth of water, convention factorTo convert mass of lysimeter pot to depth o
thus:Density(kg/mV-ss(kg)/Volume(m3)

Volume(m3) =Mass(kg)/Density(kg/m3)

Diameter ofthe pot =30cm.

Surface area =ltd/4

3.142*(0-3)2/4 =0.071m2

Depth =Volume/surface area of pot

Depth(m) =1000/0.071=14084.5m

Converting meter(m) to millimetre(mm)

14084.5/1000 = 14.1mm

Therefore the conventional factor is 14.1mm

Therefore Water balance equation:

Et =P-Dr-(Wi+l-Wi)*14.1

Hence the first precipitation

need to be calculated

ion date 28/07/2011 was obtained as follow.

Et =P-Dr-(Wi+l-WCf

ET=18.5-14-[(40.2-41.2)n4.1] =18.6mm/day
24



. ,~ ofReference Evapotranspiration (Eto).3.6 ComputattonofKef ^ , is based on meteorological data
Computation of ETO, using HargreavesFAO-Sars

ETo
=0.0023Ra(Tmax-Tmin)°-5HTm+17.8)

ETo =Reference Evapotranspiration

T=The mean daily air temperature (0°)

Tmax= The daily maximum air temperature (0°)

T in= The daily minimum air temperature(Oc)

\
\ Ra= The extra

-terrestrial radiation (mm/day)

,the reference evapotranspiration rate is:
For 1/08/2011 the Evapotranspiration rate

ETo =0.0023ma(Tm£K-Tmi„)°-5*(Tm+17.8)

1=0.0023*0.0575n30-25)°-5n27.5+17.8)
ETo:

ETo
=0.0023*0.0575*(2-236)*45.3

ETo =0.013mm/day.

i
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j

Hate3:6eomptete
^withgrowt. wattleafat flowerings^

26



CHAPTER FOUR

4.0 Results and Discussion

41 Presentation Of Result
, v Triamulare) was computed using the water«« use of waterleaf {Talinum Triangulare)

The crop water use 01
A• *., tables 41 4.2 and 4.3 as followsa ~v™-p<5sesed in the tames 1.1, -r-*balance equation and expresseseai

, • - «,infall and evapotranspiration tor

the first lysimeter 1

Days

1

2

3

4

5

Date ^-HelghTWeight Drainage

(Kg) (mm>

14

18

17

•R^TE^t^^ation

18.6

25

32.3

79.5

6

7

8

9

10

11

12

13

14

15

29-Jul

30-Jul

31-Jul

1-Aug

2-Aug

3-Aug

4-Aug

5-Aug

6-Aug

7-Aug

8-Aug

9-Aug

65.1

63.2

62.3

60.7

58.9

57.2

55.7

47.6

44.1

45.8

43.6

36.5

42.3

41.2

40.2

39.7

38.9

37.9

37.0

36.2

31.9

30.1

31.0

29.8

26.1

20.7

27.2

10
1.7

10-Aug 26.4

11-Aug 38.7

27

27

1.6



\
.1

16

17

18

19

20

21

22

23

12-Aug

13-Aug

14-Aug

15-Aug

16-Aug

17-Aug

18-Aug

19-Aug

20-Aug

21-Aug

22-Aug

23-Aug

24-Aug

25-Aug

26-Aug

40.3

38.6

35.2

33.6

31.2

29.8

26.3

24

28.1

27.2

25.4

24.5

23.3

22.5

20.7

19.5

20.5

28.5

25.9

24.3

22

29

26

41

36.2

33.1

30.3

28.4

26.2

16

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

27-Aug 35.4

28-Aug 37

29-Aug 44.8

30-Aug 27

31-Aug 22.8

1-Sep 21.9

2-Sep 19

3-Sep 23

4-Sep 20.9

5-Sep 18.8

6-Sep 20.2

7-Sep 18.1

22.8

21.8

20.6

25.5

26.3

30.5

21.1

18.8

18.4

16.8

19.0

17.8

16.7

17.5

16.4

23

11

24

19

35.0

23
18.3

9.2

28

63.8

11

33.5

34

-47.0

27

41.0

7.9

16

26.2



A

i

\

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

em

8-Sep

9-Sep

17.2

16.1

10-Sep 14-9

11-Sep 13-3

12-Sep

13-Sep

14-Sep

15.1

14.4

13.2

15-Sep 12-1

16-Sep 19

17-Sep 23

18-Sep 20.9

19-Sep 18-8

20-Sep 15-3

21-Sep 13.9

22-Sep 12.1

23-Sep

24-Sep

25-Sep

10.8

9.1

7.3

15.9

15.3

14.7

13.8

14.8

14.4

13.8

13.2

16.8

19.0

17.8

16.7

14.9

14.1

13.2

12.5

11.6

10.7

24.1

-4.2

41

15
-17.2

19
53.3

32

20
35.8

15
43.1

29



aputation indicating the drainage,
Table 4.2 Table of lysimetric comp

the second lysimeter L2

Date HeignT^ght Drainage

(mm) (Kg) - (mm)

rainfall and evapotranspiration for

^

Days

1 28-Jul 65.1 41.2

2 29-Jul 63.2 40.2

3 30-Jul 61.6 39.3

4 31-Jul 60.4 38.7

5 1-Aug 58.7 37.8

6 2-Aug 57 36.9

7 3-Aug 56.1 36.4

g 4-Aug 37.3 26.5

9 5-Aug 34.6 25.1

10 6-Aug 31.3 23.3

11 7-Aug 32.1 23.8

12 8-Aug 30.2 22.8

13 9-Aug 22.5 18.7

14 10-Aug 13.6 14.0

15 11-Aug 27.4 21.3

16 12-Aug 27.5 21.3

17 13-Aug 25.3 20.2

18 14-Aug 22.6 18.7

19 15-Aug 20.4 17.6

20 16-Aug 18.9 16.8

21 17-Aug 16-9 15.7

22 18-Aug 14-1 14.3

RrinfeT"Ev5ottSSpraon

18.5

12
18.4

25

15
35.3

20
165.1

13
3.2

27

17
-26.5

19

15
40.5

12 23 33.1
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i

23

24

25

26

27

28

29

30

19-Aug 12

20-Aug I4-3

21-Aug 27.1

22-Aug 23.2

23-Aug 20.5

24-Aug 17-6

25-Aug 21.7

26-Aug 15-2

27-Aug

28-Aug

21:9

23

13.1

14.4

21.1

19.1

17.6

16.1

18.3

14.8

18.4

19.0

24.0

14.8

13.3

14.3

31

32

33

34

35

36

37

38

39

29-Aug 32.5

30-Aug 15-2

31-Aug 12-3

1-Sep 14-1

40

41

42

43

44

45

46

47

48

49

2-Sep

3-Sep

4-Sep

5-Sep

6-Sep

7-Sep

8-Sep

9-Sep

10-Sep

11-Sep

12-Sep

13-Sep

14-Sep

17.5

15.5

13.7

10.2

8.3

7.4

6.2

5.1

4.2

3

3.5

2.6

2

16.0

15.0

14.0

12.2

11.2

10.7

10.1

9.5

9.0

8.4

8.7

8.2

7.9

20

15

14

18

12

28

57.1

11

22.9

34

-59.9

27

21.2

37.3

16

33.8

25.9

5.0

31



50 ""lTSep 1.4 7.5

51 16-Sep 17.5 16.0

52 17-Sep 15.5 15.0

53 18-Sep 13.7 14.0

54 19-Sep 10.2 12.2

55 20-Sep 5.6 9.8

56 21-Sep 4.2 9.0

57 22-Sep 3.1 8.4

58 23-Sep 2.1 7.9

59 24-Sep 0.4 7.0

60 25-Sep 0 6.8

12

26

24

41

32

Table 4.3, Table oflysimetric computation indicating the drainage,

the third lysimeter L3

-86.4

54.5

26.6

42.6

rainfall and evapotranspiration for

Days

T

2

3

4

5

6

7

8

9

10

Date Height Weight

(mm) (Kg) (mm)

Drainage Rainiall Evapotranspiration

28-Jul

29-Jul

30-Jul

31-Jul

1-Aug

2-Aug

3-Aug

4-Aug

5-Aug

6-Aug

66.5

64.1

61.4

59.2

57.2

56.3

55.1

33.1

28

27.6

41.9

40.7

39.2

38.1

37.0

36.5

35.9

24.3

21.6

21.4

12

16

32

18.5

26.6

25

30.6

217.8



1

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

7-Aug 26.9

8-Aug 24.1

9-Aug 20.5

10-Aug 17-2

11-Aug

12-Aug

23

25.7

21.0

19.5

17.6

15.9

19.0

20.4

19.3

18.2

18.5

17.7

16.7

15.4

15

12

17

24

19

20

27

19

23

28

11

34

13-Aug 23.7

14-Aug 21.5

15-Aug 22.1

16-Aug 20.7

17-Aug 18-8

18-Aug 16.3

19-Aug 15.1

20-Aug 11-6

21-Aug 27.4

22-Aug 24.5

23-Aug 21.6

24-Aug 18-7

25-Aug 22.6

26-Aug 20.5

27-Aug 22.8

28-Aug 23

29-Aug 30.5

30-Aug 18.3

14.8

12.9

21.3

19.7

18.2

16.7

18.7

17.6

18.8

19.0

22.9

16.5

15.3

15.5

14.7

20

31-Aug

1-Sep

2-Sep

16

16.5

14.9

27

33

19.1

-3.6

33.3

19.6

39.0

51.2

-5.4

-43.3

35.4



38 3^Sep 123 13.3

39 4-Sep 1°-3 12.2 2

40 5-Sep -).2
11.7

41 6-Sep 7.6 10.8

42 7-Sep 9 11.6

43 8-Sep 8.1 11.1

44 9-Sep 7 10.5

45 10-Sep 6.1 10.0

46 11-Sep 5.2 9.6

47 12-Sep 6.2 10.1

48 13-Sep 5.1 9.5

49 14-Sep 4.2 9.0

50 15-Sep 3 8.4

51 16-Sep 14.9 14.7

52 17-Sep 12.3 13.3

53 18-Sep 10.3 12.2

54 19-Sep 9.2 11.7

55 20-Sep 6.1 10.0

56 21-Sep 4.6 9.2

57 22-Sep 2.9 8.3

58 23-Sep 1.3 7.5

59 24-Sep 0.1 6.9

60 25-Sep 0 6.8

16

41

12

28

32 .

12

23

34

40.3

20.5

11.5

-3.3

-50.7

36.1.

43.8

43.8



It

*

respective computed total and average

T^r^AveTair^mfa11
(mm)

(mm)

0~

0

Table 4.4: Table of collected drainages

^5e—5555TdSS^ Drainage
(mm) (mm) (mm) Drainage DrainageDays

18.5

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

28-Jul

29-Jul

30-Jul

31-Jul

1-Aug

2-Aug

3-Aug

4-Aug

5-Aug

6-Aug

7-Aug

8-Aug

9-Aug

10-Aug

11-Aug

12-Aug

13-Aug
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17
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0
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0
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38

0

0

38

0

0
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0

0
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12.7
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16.3
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0
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0
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0
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21.7

0
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24

25

26

27

28

29

30

31
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33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

19-Aug

20-Aug'

21-Aug

22-Aug

23-Aug

24-Aug

25-Aug

26-Aug

27-Aug

28-Aug

29-Aug

30-Aug

31-Aug

1-Sep

2-Sep

3-Sep

16

23

4-Sep

5-Sep

6-Sep

7-Sep

8-Sep

9-Sep

10-Sep

11-Sep

12-Sep

13-Sep

14-Sep

11

24

14

20

15

14

18

12

19

20

20

21

0 0

49 16.3

0 0

0 0

63 21

0 0

0 0

17 5.7

0 0

0 0

46 15.3

0 0

0 0

43 14.3

0 0

0 0

44 14.7

0 0

0 0

22 7.3

0 0

0 0

14 4.7

0 0

0 0

10 3.3

0 0
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11

34

27
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1

0 0

51

15-Sep

16-Sep 15 12 12 39

0

13

0

52 17-Sep
0 0

53

54

18-Sep

19-Sep 19 26 28 73

0

24.3

0

55 20-Sep
0 0

56

57

21-Sep

22-Sep 20 24 12 56

0

18,7

0

58 23-Sep

0 0

59

60

24-Sep

25-Sep 15 5 23 43 14.3

41

32

... CT1cT?FT3 Total ET, Average ETpotranspiration ET 1,b1L& i *,*•uulTable 4.5: Table of respectively computed-eva,

and Reference ETo

Days Date ET1 ET 2 ET3 Total Average Reference

ET ET Evapotranspiration

ETo

T 28-Jul
0 0

2

3

29-Jul

30-Jul 18.6 18.4 26.6

0

63.6

0

21.2 0.013

4 31-Jul
0 0

5

6

1-Aug

2-Aug 32.3 35.3 30.6

0

98.2

0

32.7 0.014

7 3-Aug
0 0

8

9

4-Aug

5-Aug 79.5 165.1 217.8

0

462.4

0

154.1 0.009
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i

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

6-Aug

7-Aug

8-Aug

9-Aug

10-Aug

11-Aug

12-Aug

13-Aug

14-Aug

15-Aug

16-Aug

17-Aug

18-Aug

19-Aug

20-Aug

21-Aug

22-Aug

23-Aug

24-Aug

25-Aug

26-Aug

27-Aug

28-Aug

29-Aug

30-Aug

31-Aug

1-Sep

1.7 3.2 19.1

0 0

0 0

24 8

0 0

0 0

-28.5 -9.5

0 0

0 0

108.8 36.3

0 0

0 0

71 23.7

0 0

0 0

55.7 18.6

0 0

0 0

172.1 57.4

0 0

0 0

51 17

0 0

0 0

-150.2 -50.1

0 0

0 0

97.6 32.5

1.6 -26.5 -3.6

35 40.5 33.3

18.3 33.1 19.6

9.2 7.5 39

63.8 57.1 51.2

33.5 22.9 -5.4

-47 -59.9 -43.3

41 21.2 35.4

38

0.01

0.012

0.014

0.012

0.016

0.009

0.013

0.039

0.01



-1

37 2-Sep

38 3-Sep

39
4-Sep 7.9

40 5-Sep

41 6-Sep

42
7-Sep 26.2

43 8-Sep

44 9-Sep

45 10-Sep 24.1

46 11-Sep

47 12-Sep

48 13-Sep -4.2

49 14-Sep

50 15-Sep

51 16-Sep -17.2

52 17-Sep
-

53 18-Sep

54 19-Sep 53.3

55 20-Sep

56 21-Sep

57 22-Sep 35.8

58 23-Sep

59 24-Sep

6C 25-Sep 43.1

37.3 40.3

33.8 20.5

25.9 11.5

-3.3

-86.4 -50.7

54.5 36.1

26.6 43.8

42.6

0 0

0 0

85.5 28.5

0 0

0 0

80.5 26.8

0 0

0 0

61.5 20.5

0 0

0 0

-2.5 -0.8

0 0

0 0

-154.3 -51.4

0 0

0 0

143.9 48.0

0 0

0 0

106.2 35.4

0 0

0 0

129.5 43.243.8

39

0.012

0.016

0.015

0.016

0.01

0.016

0.01

0.015



Figurre 4.1 Graph ofETl against dates.

i Figurre 4.2: Graph ofET2 against dates.
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Figurre 4.3: Graph ofET3 against dates.

«4«»Average ET
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-100 Date

Figurre
4.4: Graph of Average ET against dates.
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«»#»•»Drainage (mm)

2 per. Mov. Avg.
(Drainage (mm))

Figurre 4.5: Graph ofDrainage Dl against dates.

Figurre 4.6: Graph ofDrainage D2 against dates.
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Hg„rre 4.7; Graph ofDrataaseDS against dates.

.^Average Drainage
(mm)

' T ». nfAverage Drainage D3 against dates.Figurre 4.8: Graph ofAverage u
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.. Graph ofRainfall against.
Figurre 4.9

Figure 4.10: Graph
ofReferenceET against dates.

4.2 Discussion of Result
40.! RainfallDeptn,Drainage

Figures 4.1 to — lysimeters^ waterleaf (Talinum Tnangulare) y
44

weight from

^thsEvapotranspirationandReferenceET
Depths, H.vap ^ reSpective
u of rainfall, drainage, crop water use4.10 show the depths of ramtal , respectively. Atotal of 15

.„-•.-*-<--



• a from 4 to 41mm.• foil Aetrths varied from *t Pkp\a The rainfall aepu»

depths varied from 0to 28.
4.w Precipitin lysimeter on waterleaf,« was

, ^oi/09/20U respectively wd^tedinlS/O^OUand^^ as_ogfflm;dayand
^ersel^eevapotrarrspirationrate^of^

_51.Wday respectively.

.iectedvariedfortltet.reedaysirtterval.ThisFromthetestca.edoUt,.edrained^r^^thesoiimo_i5ve0^the

evapotranspitation(Et).

—P—irati°n(ET) . el^—-——*-
suchasCtelativeh—- lncKased«leadto adecrease rr
evapo^pirationestirnatronofwaterl

+ nfthe crop and vice versa,evapotranspirationrateofthecrop

;in
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i

1
Si

Ihe

~fwateruse of wat<,ysirnetric estimation of water

. Lysimeterpotareinisolation.
. The use of micro lysimeters.

. Low atmospheric humidity-

. High wind velocity.

relatively high values de
;rived from the computatio

in0fevapotraspirationinthis

lterleaf was due to the following:

;nted in afield condition.
. Thelysimeterarenotrepres,
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CHAPTERS

5, ConduSi.« wangulare) were estimated through the

aido{mtailystaleters,romdrecomputed^^ ^ _^^^
mutation of waterleaf and the Ha^ ^ ^ ^ ^. Hence
^ors such as temperature, whtd, suns,., ^ ^ ^ ^ Iatt 0f
«. *. the days temperature, the - ^^rf ^ w,
^potranspitationCKT, - avenge - ^^atmd-

^ to 43 2mm/day at the enao
season and increased to 43./

ad rate within the growing season,
by leaves spread rate wi

52 RECOMMENDATIOIN

From the test earned out the to

ii. .The lysimeter must be
aifficultyinthetakmgofreading der t0 prevent insect from attaeUing

^ ,,d be free ftom weed morder to prev
^surrounding area should be

the crop

W. Theplant
must be treated regularly to a1

void insect infection using insecticides.
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;Mean Daily Temperature
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,tureOfMinna,Nigeriat20in.

Tnvm Ttnin

39,23 40,24

39,22 39,26

38,24 39,24

38,22 39,25

37,23 37,25

40,22 38,28

40.21 39,27

37.22 39,27

39,23 38,24

37,22 39,27

37,23 39,26

37,24 38,27

38,25 38,25

36,24 38,26

39,24 38,24

36,27 39,24

39,26 40,27

40,26 42,27

37,25 39,27

38,27 30,27

38,25 38,27

39,25 38,27

40,20 38,26
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APPENDIX X: MeanMonthly Radiation And Radiation FactorOf Minna, Nigeria[2010].

MONTH SUNSHINE RADIATION

RADIATION FACTOR

JANUARY 7.3 0.0914

FEBRUARY 7.7 0.09634

MARCH 6.8 0.0851

APRIL 7.3 0.0914

MAY 7.1 0.0888

JUNE 6.8 0.0851

JULY 4.9 0.0661

AUGUST 4.6 0.0575

SEPTEMBER 5.5 0.0688

OCTOBER 6.4 0.0801

NOVEMBER 8.9 0.1114

DECEMBER 7.1 0.088
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