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ABSTRACT.

The study was conducted during the 1992/93
irrigation season at the Kadawa sector of the Kano River
Project (KRP) , with the primary aim of evaluating the
performance of a part of the distribution system
(distributary canal and field channels), irrigation water
distribution and allocation nethods and the relative
water supply (RW5) index, as they affect <control,
operation and equity. Bl ock 3F7 was selected as the
experinmental site. Stage neasurenents were nonitored at
the selected stations on both the distributary canal,
field channels and farm units. Di scharge was obtai ned
from calibrated structures (cilt-throat flunes) . The
wat er conveyance efficiencies, and | osses were determ ned
for each of the selected stations.

The results obtained fromthe study showed that
84 1/s on the average was recorded as discharge for the
di stributory canal (DC), with conveyance efficiency and
| osses of 87% and 14 1/s, respectively. The average
field channel discharge of 15 1/s was recorded as agai nst
a design discharge of 28 1/s, while the conveyance
efficiency and | osses were 65% and 4 1/s, respectively.
The result obtained for the various farm units showed
significant variations, both at the head-end and tail -end
of the farm hence lowequity of distribution as a result

of |ow water supply.



Thefi el deval uati onof t he RA5, showedt hat al |l t he

plots recorded Ilow values, which indicates under
irrigation in all the plots. However, the high
performance of field crops and high yield recorded was
due to contribution from high water table recorded in
nost parts of the project area. The 1.5 t/ha yield for
wheat on the avarage, further confirned the high

performace of the crops.
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CHAPTER ONE

1.0 INTRODUCTION

Irrigation is practiced in many parts of the world
with the aim of providing water for crop growth when
natural precipitation is in short supply and/or
distribution is erratic. In dry areas, such as some
Northern parts of Nigeria, where there is 1little
rainfall, irrigation may provide a signifficant part of
total water needs of the crops. In some parts of the
middle belt of Nigeria, where rainfall is not as
completely reliable as in the Southern parts, growing
crops need to be supplemented by irrigation whenever
rainfall is scanty.

Many types of irrigation methods have been developed
to suit different agricultural systems and the
cummunities within the given project areas (Melvyn,1989).
Some schemes are very small covering only a few hectares
of land. These types are the farmer - managed irrigation
schemes. Others are large, covering so many hectares,
wheich are usually managed by governmental or private
organizations such as sugar companies, individuals or
group of individuals.

The type of irrigation system adapted and employed

depends on a number of factors which include: the
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irrigation water guality and quantity, topographical
factors, availability of capital, type of crop to be
grown, climatic and soil conditions, expertise, general
local conditions, and other factors. In most irrigation
projects in Nigeria, these factors pose little or no
problems at the initial stages, however, as time went on,

their effects became pronounced as a result of management

problems,  leading” to poor water distribution and

managenent within the whole project area. (Thomas, 1989)

For any irrigation project to be successtul,
effective water distribution and management is very
vital. A successful irrigation project does not only
entail that, the optimum amount of available water be
distributed equally, uniformly and timely, but the vield
per hectare of the crop grown should be egqual to the
initial cost of all the imputs (Melvyn, 1989). The
approximate design of irrigation water distribution
system for the judicious application of water requires
reliakle information on the irrigation requirement or
consumptive use of the particular crops (Bottral, 1981).

Apart from the effect of water management on water
distribution within the project area, other factors
include; engineering constructions, operations,
monitoring and maintenance of the distribution structures
such as gates at the the source(dam, lake, river)} which

can result in inequitable water distribution within the
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project area (Thomas, 1989). Where the appropriate
quantity of water is released from the source, there is
no guaranttee that such an amount will reach the field
channels and the plots at their design crop water
requirement levels (Melvyn, 1989).

The Kadawa Irrigation Research Station is located in
the Kadawa sector of the Kano River Project. The project
took off in 1971, with the construction of the Tiga Dam
on the Kano River (Nwa, 1992). The designed total
potentials of the project area according to NEDECO (1974)
report, stands at about 9.3x10* ha; while the operative
phase was projected to be about 5.2x10* ha. according to
the design. The project is sited in a region which is
affected by three climatic seasons as reported by Oyebode
(1989). These seasons include:

1. The cool dry season - October to February

2. The hot dry season - March to May

3. The warm rainy season - June to September.
From the classification of the climate of the project
area, the irrigation period starts from mid - November
and ends mid-to-end of April the following year. This
can extend at times to mid-May.

The feasibility studies report for the construction
of the Tiga Dam (Reservoir), according to Haskonings
{1978), indicates that the Dam is built on a river whose

annual runoff is about 1.30x10°m*, while the total loss
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was estimated at about 0.25x10°m®> per annum. This gives
a balance of 1.05x10°m*> for use. Haskonings (1978), also
estimated an annual irrigation release exceeding
0.708x10°m® for the irrigated area, that is the initial
phase of the project, which is less than 2.20x10% ha.
This shows that less than 0.342x10°m® of water |is
available for the remaining area of the project, which is
about 5.3x10%ha: ™ |

Muhammad (1991) found out that, no additional land
can be developed within the project area as planned,
unless the water available is increased or the system of
irrigation changed entirely. Water distribution system
of the Kano River project cannot be accepted as being
efficient, since there are no propects for further
developments of the other phases. Muhammad (1991) found
that, this was due t¢ the high water wastage which
results in environmental pollution. Many other
researchers amongst whom are: Nwa (1982), Adewumi (1985}
Abdulmunin (1988) and Oyebode (1989), reported
enviromental effects due to low irrigation efficiency and
high water table in some parts of the project area,
resulting in water-logged conditions which has resulted
in salinity and alkalinity problems and reduction in
crops yield.

Inspite of the fact that considerable work has been

done by various researchers on various aspects of the
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Kano River Project, especially on conveyance and
irrigation efficiencies, not much has been done on the
water distribution system, its evaluation as it affects
the farmers and various crops grown within the project
area; and the performance of the various distribution
systems, controls and structures. Mention has not even
been made of water allocation and distribution methods as

they affect the cropping pattern and equity.

1.1 Objectives of the study
The objectives of the work reported herein include.
i To evaluate the performance of the distribution
system from a distributary canal, field channel

and farm units for a particular block of the
project area; and compare these values with
the calculated values of crop water - use and
also the design values.

2 To investigate the water allocation and
distribution methods of the Kano River Project
as it affects control operation level, farmer
convinience, eguity and charges.

3, To investigate the design management
interaction and its effects on the irrigation

system performance of the project area.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Irrigation Water distribution systems i

A successful irrigation project depends on ;dequate
design and construction of the water distribution system
and planning for the operation of the cempleted project
(Muhammad 1991). Where water is scarce in relation to
crops requirement, the most important function of
irrigation management is to ensure that the available
water is efficiently and fairly distributed. It is only
when the water distribution system is operated properly,
that other important management objectives can be
realized. Such management objectives as repoéted by
Bottral (1981} include: on-farm management work,
improvement of water course and introduction of water
charges, which will result in higher returns from Enputs.
However, the poor quality of water distribution systems
in most irrigation projects in Nigeria and the extent of
management policies required to reduce the water
distribution problems, have been either underestimated or
completely ignored. |

Abundant evidence have been o¢btained in recent
studies of irrigation system performaces in different

projects in Nigeria, which show that deficiencies in

water distribution practices exist. Nwa (1982),
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identified two main aspects on the management of water
distribution and their systems, each with a distinctive
different set of problems and potential remedies
associated with it. The first aspect is essentially
technical and is concerned with the quality of the water
distribution method used and their capacity to meet the
objective of securing the best possible match between
expected supply and demand. The second aspect is social
and political, which is concerned with capacity and
willingness of irrigation officials to ration water
equitably and resist pressures from influencial farmers
or top management personnels to misallocate water (Nwa,
1982 and Thomas, 1989).

Good water distribution, therefore, requires not
only high technical skills, but also a good management
system. Another essential requirement for good water
distribution both in its technical and socio-political
aspects is that a well-designed two-way information
system between irrigation officials (management) on one
hand, and consumers (farmers) on the other hand must be

put in place (Nwa, 1982).

2.2 Planning and Design for water Distribution
systems

Reference had already been made of the importance of
good planning and design of irrigation water distribution

systems as a pre-requisite for a good water distribution.
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The basic regquirement for good and equitable water
distribution are summarized in Bottral (1981). The
absence of adequate water measuring devices is a serious
omission. Defects such as underdesign of canal
capacities and 1in particular, insufficient control
structures make it impossible to allocate water in
accordance with the intended plan and design {(Kra'atz,

1975, and Merriam et. al. 1980).

2.2.1 Technical consideration and planning
Water distribution, 1like any other irrigation
management activities consists of three sub-activities.
Marriam et-al (1980), reported that the kind of
procedures, skills and resources needed to perform these
activities vary from project to project, depending on the
design characteristics and methods of water distribution
being used. Irrigation officials (management)} require
continous information about actual patterns of water
supply and demand throughout the cropping season, so that
necessary adjustments can be made as the need arises.
Adequate water measuring facilities and reliable systems
of communications between management, field staff and the
farmers are very essential. Implications for changes in
operating procedures as a result of variations in water
supply levels should be specified in details, which
should be clearly understood by cperators at all levels.
|
|
|
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Farmers should be regularly informed about actual water
charges, deviation from initial planned levels and the

reasons for such deviations.

2:2.2 Monitoring of Water Distribution Systems

In addition to the daily report of gauge readings
from field staff, weekly reports need to be compiled on
water supply situation so that management can closely
monitor the water distribution within the project.
Periodic reports on cropping patterns and intensities are
also required, particularly, with a view to checking on
the equity of water distribution. Bottral (1981)
suggested random on the-spot checks by irrigation
officals in case of inaccuracies and/or falsification of
records by field staff.
2312:3. Water distribution system Maintenance

The maintenance of irrigation systems in general is
an auxillary activity which performance is essential for
a high quality of irrigation water distribution.
Maintenance and repair work on water distribution systems
are categorized into three, according to Bottral (1981):
1. Routine or preventive maintenance: which is intended

to keep the distribution systems in such a condition

that, it can be operated in accordance with the

original design. Maintenance costs are provided

for, under a regular annual budget.
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2. Emergency maintenance: In the event of any natural
disaster, the cost for which has to be covered by
specific budget allocations, and
3. Up-grading or improving works: Usually carried out
by a different organization from the one
responsible for the day- to-day project maintenance.
Water distribution system maintenance can further be
classified based on specialized activities which include:
civil works, and mechanical and electrical works. These
involve maintenance of canal and channel banks, diversion

structures, earth work, gates and pump maintenance.

2:2.4 Methode of improving water Distribution
systems
A  number of measures for improving water
distribution systems could include most if not all the

elements reported by Thomas (1989). This depends to a

large extent on what is required or feasible in the

project area. Some of these measures include:-

1. The introduction of simple procedures such as
improved information system and other measures,
designed to produce significant short-term benefits
from practicable and equitable water supplies.

2 The production of operation and maintenance mannuals
and proper job descriptions.

3 Experimentation on alternative methods of increasing
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representative farmer-participation in decision
making both at the local small group level and at
project level. i
Research on crop water reguirements on farmers'
fields on the basis of which new water distribution
methods and alternative cropping patterns would be

designed and tested.

8 EXpérimentatidn with new forms of water charge

payments.

6 Purpose of BEvaluating irrigation water
distribution systems |

The purpose of evaluating water distribution system

in general as reported by Merriam, et-al (1980) is four-

fold:

1.

To determine the efficiency of the distribution

system as it is being used.

To determine how effective the system can be
operated and whether it can be improved upon.
To obtain information that will assist in designing

other systems; and

To obtain information that will enable comparing
various methods or systems of operating procedures

as a basis for economic decissions,

Evaluation as defined by Merriam, et-al (1980)

involves measuring conditions at one or more points in a

field selected to be typical or representive of the

RS
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projectlarea. Value judgement or additional measurements
must be made to correlate these data to an over-all
field, farm or project efficiency. The accuracy of such
measurements will not justify calculating efficiencies to
more than * 3% (Merriam, et-al,1980).

The on~farm water distribution systems and
operations need to bhe evaluated to determine the
potential efficienty that is obtained with the present
management requirements. Substantial improvements in the
water distribution system evaluation are also needed for
timely and equitable distribution of water. However,
improving the water distribution system without
evaluation may have little effect on farm water
distribution and management(Merriam, et-al, 19380 and
Bottral, 1981). : i

Adequate water must be available when needed by the
crops and the proper evaluation of the water distribution
system will enable the farmer to obtain information an
the amount and the rate of water application necessary to
achieve efficient irrigation and reject delivery when and
where it is no longer needed in order to minimize waste,

(Bottral, 1981).

Irrigation wWater Distribution by Re-cycling
The planning and design of an irrigation project

must include the details of terminal water distribution
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systems such as drains, which play important roles in
securing the optimal use and control of irrigation water
distribution systems. The project should be designed so
that the required amount of water is delivered and
effectively utilized within the project area (Kra'atz,
et. al. 1975).

While the re-cycling of irrigation water runoff re-
use has not been popular for sometime in most irrigation
projects in Nigeria, the idea of such practice could be
useful in water distribution especially where irrigation
water is scarce. Khanjana and Buch (1983), reported that
water distribution is more uniform in a project where
return flow is used. However, an economic analysis
revealed that the benefit-to-cost ratio of this system
exceeded that of the conventional system (Khanjana and
Buch, 1983). Re-cycling water distribution system is
only appealing where irrigation water quality is good and
soil salinity is 1low, together with good soil

permeability and infiltration characteristics.

2.3 Irrigation Water Measurement and
Instrumentation
Efficient use of water for irrigation depends to a
large extent on measurement of irrigation water. With
the expanding exploitation of the water potentials and

the ever-increasing cost of water resources development,
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a close monitoring of the quantities of water used by the
various consumers must be quantified. This is
particularly necessary for irrigation projects where
there is the increasing utilization of available water
for irrigation and the growing tendency among most
irrigation proiject managers to base annual water charges
on the volume of water used. This makes it necessary to
—anderstand - -the —-principles and methods of water
measurements in irrigation practice (Gabrecht and Bos,
1980). Information concerning the relationship between
water, soils and plants cannot be utilized in irrigation
practice without proper water measurement practices. The
units of water measurement can either be considered as
those expressing a specific veolume of water at rest, or
those expressing time rate of flow (Isrealsen, et al.,
1979). The amount of water flowing at any time and at
any place in the water conveyance and distribution
system, according to Gabrecht and Bos (1980), must be
known in order to facilitate the proper administration of
the irrigation system. Effective use of water requires
that the flow rate and volumes be measured and expressed
quantitatively. Water measurement can generally be based
upon the application of the definition equation which

states that:
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Flow rate, m
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A = Cross sectional area, m?

V = mean velocity of flow, m|s.
Micheal (198%), developed an equation for evaluating
applied depth into farm plots for known area, discharge
and time of flow. Thus,
AQ = QT e vmery iy s 202
in which d = applied depth (m), T = Time of flow (secs),

and other terms are as previously defined.

o Water flow measurement:

Flow measurement, therefore, inveolves the
determination of the mean velocity and area of flow.
Some techniques make each of these determinations
seperately and use them directly in the definition
equation. While in others, the calibration of the
measurement device gives the flow rate directly. Schwab,
et-al (1979), Isrealsen, et-al (1966) and Micheal (1985)
identified a number of methods that could be used for
irrigation water measurement. Some of which include:=~
float method, impeller meters, slope—-area method, volume
method and many others. The fleoat method is used herein,
for the distributary canals because of non~availability
of the current meter and the problem of installation of
measuring devicesisuch as flumes and welrs, especially
: i.,.;:_!._i-_q1_‘-_,-:;£{:al cg_-.';‘lL;{j -..,e.',;:,q:. t.,l’:..:-.:-_
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when the canals are lined.

2.3.1 Float Methed

The velocity of a stream in a channel is made by
determinaing the velocity of an object floating with the
current. A straight uniform section of the stream of

known length is selected and marked by stakes. The time

- required by an object to traverse the marked course is

measured and the velocity calculated from the expression
given by (Michael, 1985):

V =2/t 2.3

Where V = velocity of flow, n/s

t

1l

time taken by the object to traverse the two
marked points, s and
2z = distance traverse by the floating object,m.

This method is simple and inexpensive but not very
accurate. However, Stern (1985), observed that the
velocity obtained corresponds to the velocity of the
water at its surface. The surface velocity must then be
multiplied by a coefficient to give the average velocity
for the cross — section. This coefficient, according to
Stern (1985) varies from 0.66 for water depth of less
than 30 cm to 0.80 for water depth of ém and above. A
value of 0.70 is often recommended for distributary
canals (DC) and field channels (FC) (Stern, 1985). This

coefficient also compansate for the effects of wind among
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other factors. The values of velocity obtained from Eq.
2.1 are then multiplied by 0.70 to convert them to mean
velocities. : ;
2.3.2 Flow Measurement Structures | '”f
For accurate measurement of flow in open channels it

is desirable to install structures of Known hydraulic
characteristics.  These structures cause flowhto pass
through critical depths. The structures alsc have a
consistent relationship between the head and discharge as
reported by Isrealsen et-al (1979). _g
Weirs 'é

Gabrecht and Bos (1980) described a Weir as a

barrier placed in a stream to constrict the flow of water

and cause it to fall over a crest. Welrs may be
rectangular, trapezoidal or triangular in opening
shapes. The basic and general formular as given by

Schwab et. al (1966} for flow through such structures is:

Q = CLH" 2.4 I

I

where Q Coefficient of discharge which depends on
Editing the nature of the crest and the approach
conditions.
L = Length of the crest, m
H = Height on the crest, m

n = constant, which depends on the

shape of the crest opening
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2.3.3 Flumes

Specially-shaped and stabilized channel sections may be
used to measure flows. Such a section is termed a flume.
Flumes are generally less inclined to catch floating
debries and sediments than weirs, and for this reason,
they are practically suited for the measurement of
channel flows (Michael, 1985).

One of such flumes is that developed by parshall in
1926, which has the advantage of requiring a very low
head loss for its operation and is accurate at low flows.
It is, however, not satisfactory for wide and fluctuating
runoff or flows.

Cut-Throat Flumes

The cut-throat flume is an attempt to improve on the
parshall flume, mainly by simplifying the construction
details. The flume has a flat bottom, vertical walls and
a zero length of throat section. Since it has no throat
section (zero throat length), it was given the name "Cut-
throat" flume by the developers (Skogerbo et-al, 1967).

The most obvious advantage of a cut~throat flume is
economic, interms of construction. The flume can be
operated under free flow conditions. Critical flow
occurs in the vicinity of the minimum width, which is
called flume throat or the flume neck. This makes it
possible to determine the flow rate knowing only an

upstream depth (ha). The relationship between the flow
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rate (Q)} and the upstream depth (ha) in a cut-threcat

flume under free flow conditions is expressed by Michae

(1985) :
Q=2C h"a' " 2.5 'i
where Q = Flow rate, m’/s {
C = Free flow coefficient 3

n = exponent whose value depends on flume

S o

a—resve ] angth; L. :
The value of n is a constant for all cut-thraot flumes of
the same length regardless of the throat width (B).
Kratatz et-al (1975) reported that the use of cut-throat
flume enables the measurements |
of irrigation water stream sizes to be made with greater
ease than the other flumes, such as the Parshall flunmes.

Kra'atz et al (1975) also gave a more simplified

" expression used for detemining the discharge through the

cut-throat flume under free flow conditions; and where
the flumes are not calibrated as.
Q = CHB'-? 2.6

Where Q = design discharge of the outlet in cni/S

usi
1

width of the throat in centimeters (cm)
H = Height of the designed full supply level in
the supply canal above the crest level of

the outlet in cm, and |

4 C = a coefficient having different values for

differnt widths of throat in metric units
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{see Table 2.1).

TABLE 2.1: Values of B and C for cut-throat flumes

B (cm) c i

6 - 9.0 0.0160
9.1 - 12.0 0.0163
over 12.0 0.0166

— Lo e mg e e Lamm

é;urce: Kratatz et-al. (1975)
The discharge c¢an then be calculated for any head H,
by using any of the two formulae above (Eq 2.5 and 2.6),
provided free flow condition exists in the flume. Where
the cut-throat flumes have been calibrated, available
calibration curves or formulae can be used for the
purpose of evaluating the dischages. Muhammad (1991),
established the following calibration expressions for the
20-cm and 10-cm cut-throat flumes; which are used herein.
Thus for the 20-cm flume, the discharge is expressed as:-
Q = 0.332H"3 2.7
While the 10-cm cut-throat flume discharge can be

evaluated from:-

Q = 0.0525H"® 2.8
Where all the terms in the equations are as previously
defined. For accurate discharge measurements the
reconmended ratio of flow depth to length (H/L) should be
less than or equal to 0.4 (Kraatz et-al, 1975), as higher

values of this ratic result in greater inaccuracies in
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the measurements. . P

Installation of Cut-throat Flumes

The cut-throat flume should be installed
in a straight section of the channel. It should not be
located too near a gate turn out or diversion structure,

because of instability and surging effects which might

result during flow measurements.

e

.waeGabrecht -and ~Bos (1980) idenfified the requirea |
properties of an ideal water nmeasuring device for
irrigation and distribution systems as simplicity of
operation, accuracy and low cost of construcfion and

maintenance.

2.4 Irrigation 8ystem Efficiencies and Evaluation:

In planning and designing an irrigation system, a
maijor problem is to decide what value of water use
efficiency to apply in the calculations. Sigce this
basic parameter is sometimes lacking; it is common to
find that this efficiency is either assumed or derived
from nearby existing irrigation systems. The ther-use
efficiency used, therefore, is not likely to suit the
conditions of the project area in its future stgte. In

}
order to accommodate this uncertainty, structures are

often given greater capacities than would be neccessary,

during the design.
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4.2.1 Conveyance Efficiency (Ec)

This is the efficiency of canal network %rom the
source to the off-takes of the distribution system (Bos
and Nugteren, 1982) and it is expressed as:

Ec = (Vd + V2)/(Ve + V1) | 2.9

Where vd Volume delivered to the distributary

|
systems, m !

— ey = Volume diverted or pumped from the

source m’ |
V1l = inflow from other sources, m
V2 = non-irrigation deliveries from conveyanc

system, m°; in most cases, v, is

approximately zero. |

A number of factors affect the system convevance
efficiency, amongst which are: average irrigation area,
size of rotational unit and the technical equipment
avalilable within the project area. ‘}

Adewumi (1985) and Melvyn (1989), stated the
relationships for &evaluating the c¢onveyance and
distribution performance of irrigation water distribution
systems. They based the relationships on the principles
of inflow and outflow discharge measurements along the
distribution systems or within the distribution systens.
The c¢onveyance efficiency (Ec) according to Adewumi

(1985) can be expressed as the ratio of the ocutflow

discharge Qo to inflow discharge Qi; expressed thus:-



23
Ec =Qo/0i 2.10
similarly, the conveyance losses (C.L) for the system can

be evaluated as the difference between the inflow Qi and

I

the outflow discharge Qo. Thus, .
CL =Qi - Qo 2.11 | B
2.4.3 Distribution Efficiency (Ed) -

P I

e

and duration of water delivery.

'_w -=-Bos and Nugteren (1982) defined the distribution

efficiency as the efficiency of water distribution within

canals supplying water from the conveyance network to

individual fields. It can be expressed as: =

Ed = (Vb + V3)/vd 2.12

where vd = volume of irrigation water diverted to the
, distribution system (m®)

Vb

volume of water supplied to the field ()
V; = non irrigation deliveries from the

distribution system(m?)

In most cases, non-irrigation deliveries and other
sources 1is assumed to be zero. In order to obtain a

|
reasonable distribution efficiency, Bos and

Nugteren(1982) suggested that, the distribition system

should be designed and operated by skilled farmers or a

common irrigator representing a group of small farmers.
The water distribution efficiency may be affected by a

number of factors which include - farm size, s0il type
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Similarly, for a distribution system with branch
channels (Field channels), water distribution efficiency
in the various field channels from the source can also be
determined as the ratio of the discharge delivered into
the second field channel Q2 to the discharge in the first
field channel Q1. Thus,

Ed = Q2/01 2.13
in which-all terms are as previocusly defined.
The system distribution losses (DL) can also be evaluated
as the difference between the discharges in the two field
channels as given by Adewumi (19385).

Thus DL = Q1 - Q2 2.14

2.4.4 Field Application Efficiency (Ea)

The system field application efficiency is the
relationship between the quantity of water supplied at
the field inlet and the one needed to maintain soil
moisture level required by the crops. This is an
indirect way of establishing the field capacity, since
the water used for evapotranspiration by the crop is
equal to the amount needed to maintain the soil at the
required moisture level needed by the crop which is
usually taken as the field capacity. The evaluation of
the field application efficiency requires the measurement
of water deliveries to each field and the measurements of

soil moisture content (mc) before and after the

C ‘
. I
v |



application of irrigation water. Although such

measurments are needed in research, they are scarcely

taken in the field in practice. BAn effective system of

irrigation schedulling is possible on soils that have

high water-holding capacity,or in areas where reliable
data on consumptive-use and good metecrological data are
available. For such cases, only periodic checks of soil
¥+-~—w moisture need to be made to ensure that irrigations are
| done before the scil reaches the wilting point and that
the water applicaticen is not more than the a[llowable

moisture deficit (MAD) within the crop root zone. The

field application efficiency can thus be expressed as

Ea = Vm/Vb 2.15 |
,f - where Vb = vVolume of irrigation water supplied to the
| field, m® |

Vm = Velume of irrigation water needed and made
 £ : ' : avaiable for evapotranspiration b& the crop
. : _ to aveid undesirable water stress in plants

o throughout the growing season, m’

A number of factors also affect system field application

efficiency (Ea), such as the irrigation method, farm

size, so0il type and the water flow rate.l (BOS and
Nugteren, 1982} |
2.5 Crop Watér Requirement {(CWR)

In irrigation, evapotranspiration data is needed for

the design, management and establishingment of water

o,
L 1
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rights. Evapotranspiration, therefore, is an essential
factor in the design and management of irrigation
systems. (Melvyn, 1989)

Doorenbos and Pruitt (1975) presented guidelines for
predicting crop water requirements, while Burman et al
(1980) discussed the use of formulae and presented
examples of methods for calculating evapotranspiration as
it affects the design of an irrigation system. The
components which must be designed in an irrigation system
include:- canal sizes, pump selections and irrigation
control structures.

Many of the older irrigation systems were designed
based on experience and rules of the thumb in estimating
the irrigation water requirements for the areas to be
supplied with water. However, the design of a modern
irrigation system is Dbased on evapotranspiration
extimates for the selected planned crop rotation
(Heermann, 1988). Reservoir storage capacities can be
adequately designed with accurate estimates of monthly or
seasonal net irrigation requirements. The net irrigation
requirements require estimates of evapotranspiration and
effective precipitation. The design of the conveyance,
delivery and on-farm distribution systems require
estimates of the daily or weekly peak evapotranspiration.
The length of period for evapotranspiration determination

is a function of irrigation type, cropping practices and
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soil - water relations as reported by Heermann, (1988).
Burman et al (1980) observed that traditionally, design
capacities of irrigation systems are based on the peak
evapotranspiration rate.

In several irrigation projects, the volume of water
that can be transfered from one system to another is
based on the historical consumptive-use of the crop. It
was not based on historical diversion or actual water
applied on previous years of irrigation. The
determination of this historical consumptive-use requires
an accurate estimate of evapotranspiration or calculated
values with developed evapotranspiration models avaiable;
which use historical climatological data of the project

area under consideration (Burman, et-al, 1980).

2.5.1 Methods of Estimating Evapotranspiration (Et).

A number of methods have been developed by various
reseachers for extimating evapotranspiration (Et), using
historical climatological data (Schwarb, et-al 1966;
Hargreave, 1974; Isrealsen, et-al 1979, 1961; Duru 1980
and Saeed, 1986). These methods are based on empirical
relationships. Hargreaves (1974), Blanney-Morin-Nigeria
(BMN) Duru (1980) and the Pan Evaporation methods are
used for the study reported herein. The reasons for
using these three methods amongst others include: data

availability, simplicity in application, adaptability to
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any area and relatively fewer variables used in the
computation of crop water use. Also, the Pan Evaporation
method is used in the discussions because it was used by
the designers (NEDECO, 1973), apart from its adaptability

and suitability for the study area.

2.5.2 Hargreaves Method of Estimating (Et)

Hargreaves (1974), developed an equation for
estimating evapotranspiration (Et) of crops. Hargreaves
(1974) based his work on the data obtained from
lysimeters. The method which is less popular, but
relatively simple in application, has been used
extensively in estimating crop water requirement (CWR) in
most parts of the world (Saeed, 1986). 1In equation form,
Hargreaves (1974) method can be expressed as:

Etg = 00.35(T+17.78)Rs 2.16
where Etg = Reference crop potential consumptive-use
for well-watered grass; mm/day
T = Average daily temperature, %

Rs = Incident solar radiation, mm/day
The values of Rs for the project area as obtained from
Kowal and Knabe (1972) and are reproduced in Appendix F.
Also the latent heat of vapourization of water for the
study area was found to be 58 cal/cm3 (Kowal and Knabe,

1872} Thus each value of Rs in the table could be
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converted from cal. cm® day to mm/day. : .k

Hargreaves (1974) and Saced (1986), indicated tha£

a reference crop of alfa alfa would have consuptive - use
about 20 percent greater than that of grass, therefore,
the potential evapotranspiration Etp can ke estimated
from Etg, by:

Ftp = 1.2 Etg 2.17
This allows for the use of experimental crdp coefficient
Kco values, which have already been developed for the
study area, or obtained from standard tables to estimate
actual potential evapctranspiration (Eta) from the
equation

Eta = Kco Etp 2.18
Standard values of KCo for selected crops at varioué

stages of growth are as reported by Stern (1989), and

reproduced in Appendix G, herein this work.

2.5.3 Blanney-Morin-Nigeria (BMN) Method of Et

As a result of the complexity in the application and
assumpticns in the use of adapted evapotransgiration
models, Duru (1980), developed another model which is a
modification of that earlier presented by Blanney and
Morin (1942)}. The model which was developed for
application in Nigeria, can also be applied in other

developing countries (Duru and Yusuf; 1981). It was

designated as the Blanney-Morin -~ Nigeria  (BMN)
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evapotranspiration model. The BMN predicts potential
evapotranspiration (Etp) with accuracy and consistency
(Duru and Yusuf 1981). The Blanney - Morin - Nigeria

evapotranspiration model as developed by Duru (1980) is:

]

Etp = r, (0.45T + 8) (520 - R""™)100 2.19
where Etp = potential evapotranspiration, mm/day
r = ratio of maximum possible radiation to the
annual maximum ratio; values of r, are
reproduced in Appendix H.

T avearage temperature, ‘%C and

I

Il

R Relative Humidity (RH), %
The actual evapotranspiration, Eta, for any crop can then
be evaluated by multiplying the Etp values with the crop

coefficient Kco (Eq.2.8).

2.5.4 PAN Evaporation Method.

The most common method of measuring evaporation is
by means of an evaporation Pan. The most commonly used
pan is the American class A Pan, made from glavanized
iron sheet, which is circular, 1.21m in diameter and 25cm
deep (Micheal, 1979). Pan Evaporation (Epan) can be
converted to potential evapotranspiration by multiplying
it by a pan coefficient (Kp). The value of Kp differs
for different types of pans (Stern, 1985). For the same

type of pan, Kp varies with relative humidity, wind
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speed, time of measurement and siting of pan in relation
to crops and vagetation (Stern, 1985). The pan
coefficient for class A pan may vary between 0.40 to
0.85, depending on climatic and geographical location.
The value often used is ©.7 (Michael, 1979; Stern, 1979).
The potential evapotranspiration so obtained is then
multiplied by the relevant crop coefficient (Kco) to

obtain the crop water requirement (CWR). . l

2.6 Irrigation Water Allocation and Distribution
Methods ’

Irrigation water allocation and distribuﬁion are
distinctive and important functions in any irrigation
project. Water allocation as defined by Pradhan{198%9),
is the assignment of entitlement to water from an
irrigation system within a project. Irrigation water
allocation and distribution involve two aspecgs:— the
first aspect distinguishes the farmers or fields having
direct access to the irrigation system from those having
none; and the second aspect is the quantitative
allocation of water in the system among the farmers or
the field which involves the designation of the amount
and the timing of water to which each farmer or field is
entitled. Martins and Yoder (1987), defined water
distribution as the implementation of the allocation

principle as agreed upon by the beneficiaries. Differnt



32

methods of allocation and distribution are in practice.
Irrigation water allocation has effects on efficiency and
water use equity, and can be a means for expanding the
area irrigated and obtaining the measurement and
comparison between the amount of water actually
distributed and that allocated to different parts of an
irrigation system. It also provides for the evaluation
of the 'system performance.

The allocation and distribution of irrigation water
to farm units can be schedulled in different ways. The
most common is as summarized by Khanjan and Busch (1983),
as continous supply, strict rotation, demand and / or a

combination of these.

2.6.1 Continous supply Method.

In the case of a continous supply, a specific flow
rate is continously delivered to a farm unit. The water
allocation is according to the free flow in the canal.
Water is not limited in either volume or in relation to
the size of the land to be irrigated. There is no
evidence of domination of water since all the farmers or
irrigators have access to water, when and where they want
it. This occurs in a situation where water is abundant.
This method of allocation and distribution is only
beneficial to crops such as rice, wheat, and other

grains, and alsc when the area to be irrigated is more
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than 50 ha. (Zein, 1971)

2.6,2 Strict Rotatioh Method

Strict rotation method of schedulling is used to
supply a farm or group of farmers with a flow rate
several times greater than that required for the

continous supply case during a pre-defined time and

" period. Under this condition, the cost of the

distribution system will increase and also the farmer
must irrigate at certain pre-set times; and failure to

| o
irrigate on time generally, leads to waste of water o

under irrigation (Khanjan and Busch, 1983, Martins and

Yoder, 1987}.

I2.6.3 Demand Method

For modern agriculture with changing c¢rop rotation
and diverse farming systems, the demand method of water
allocation is more adequate than either the continous or
rotation methods. According to Pradhan (1989),
availability of water on demand 1is ideal for the
irrigator as he is not constrained by limited water flow
rates or timing of delivery. However, the cost of
constructing and managing a distribution system to supply
irrigation water on demand may increase significantly.

Pradhan (1989), reported that, this method requires
farmers to register their names indicating when they
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would need water within the command area, at the branch
canal and then water is allocated according to the order
in which the names are registered. Schedulling is
therefore important in order to avoid possible conflicts
and disorder in water alleccation and distribution.

2.7 Design - Management Interaction and its Effects on

‘Irrigation System Performance. i

" The irrigation projects in different countries have
different sets  of facilities, operating Trules,
organisational structures and management practices.
These structures differ mainly in their performance in
terms of technical and economic efficiencies,
preductivity and equity results, and manageability of the
system (Valera and Desa, 1991). In order to improve on
the performance of irrigation systems, it is necessary to
also assess and evaluate the correct and existing
performance with the aim to identifying the apportunities
for improvement at various levels (Pradhan, 1989).

The assesment of the effects of design and
management interaction on the overall performance of any
irrigation project depends on certian perfornmance
indicators. Valera and Desa (1991), suggested three
performance indicators: the crop intensity (CI), the
relative water supply (RWS), and the water

productivity (WP).
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The use of RWS as an indicator of performance
further makes the assesment and evaluation of irrigation
water allocation and distribution performance of the
project possible. Moreover, the adequacy of supply to
demand within the project area could also be detemined by
the RWS. Valera and Desa (1991), also defined RWS as the
ratio of the actual total water supply to the estimated
demand for the command area.

Crop intensity index (CI) represents the capability
of the project to provide irrigation water to either the
entire or parts of the command area. The irrigation
water is evaluated at each cropping season within the
year (Valera and Desa, 1991). The crop intensity index
as defined by Valera and Desa (1991) is the sum of the
off-season and rain season areas, divided by the command
or service area, expressed as a percentage.

The water productivity index (WPI) provides a
measure of the irrigation systems effectiveness in terms
of yield and the corresponding monetary value per volume
of water applied (Valera and Desa, 1991; Pradhan, 1989).
The water productivity index is usually assesed for each
compartment or block seasonally; then based on this
assesment the most productive section of the project is
easily identified, while comparison of the water
productivity indices amongst compartments within the

project area will be feasible; from which improvement on
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the productivity of water will be possible. The yield
and water supplied according to Pradhan (1989), to the
command areas are the major factors of water
productivity. The relative water supply (RWS) index has
been used herein. .The use of the RSW as a measure of the
performance of the irrigation project is because the
indicator points out the water allocation and
- distribution performance of the different plots or farm
units. 'Also, irrigation efficiencies c¢an also be
estimated using this indicater, since the irrigation
efficiency is the inverse of the relative water supply

(Valera and Desa, 1991).
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CHAPTER THREE
3.0 - MATERIALS AND METHOD i

3.1 Location of Experimental Site

i
|

The Kano River Project (KRP), located in the Northen
part of Nigeria lies between longitudes 8°, 30 E and 9%,

40 E; latitude 11° 30 N and 12° 03 N, respectively. The

project, which is within the Hadejia - Jema ‘are River

Basin is one of the largest irrigation projects in
Nigeria. It covers an approximate total area of 7.5x10%
ha (Abdulmunin, 1988). The project is supplied with

water for irrigation from the Tiga Dam, which is built on

the Kano River. Irrigation water, which flows under

gravity, is conveyed a distance of 22.5km from the source

(Dam). Water distribution within the project is by a
network of canals and turnouts as depicted in Fig.
3.1. The main canal and few laterals are lined with

concrete materials, the others are unlined. The canals
of varying capacities, are of trapezoidal cross-sections.
The irrigation season at the project area usually starts
from mid-November to early April. However, irrigation
activities can extend to May. Such late irrigated crops
are usually supplemented by the early rains. The main
crops according to initial mandate and design were rice,
tomatoes, maize and vegetables. However, with the

emphasis on wheat production in Nigeria, wheat and onions
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have replaced the other crops. The cropping intensity
for these crops depends on the market demand and other
factors. All the surface irrigation methods: basin,
border, furrow and wild flooding are practiced in the

Kano River Project.
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3.2 Experimental Set-up of the Field

The study was conducted during the 1992/93
irrigation season at the Irrigation Research Station,
Kadawa, which is one of the Research Stations of the
Institute for Agricultural Research, Samaru. Block 3F7
was selected as the experimental area. The field layout
is given in Fig. 3.3 Instruments for recording vital
measurements for the study were located at places
designated as stations. Water allocation within the
block were monitored and evaluated for necessary
parameters throughout the irrigation season. Measurement
locations were selected within the study area, taking
note of areas with uniform flow and reliable geometric
sections, so that approximate records could be easily
established. Four different points were located on the
Distributory canal (DC) Known as stations DCl1l, DC2, DC3
and DC4, repectively. similarly three Stations were
located on field channels known as FC1, FC2 and FC3.
Three other stations were located on a single field
channel known as 3FC1, 3FC2 and 3FC3 (Fig;3.4). On each
plot, a standard measuring device (Flume) was installed
for monitoring the flow diverted. Discharge measurements
were monitored for each day the farmer takes water from
the field channel into the plots throughout the growing

season.
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3.3 Distributary Canal (DC) Measurements,

Four stations (DCl1l, DC2, DC3 and DC4) were chosen on
the distributary canal supplying water to the study area
(Block 3F7) in order to closely monitor flow in the
canal. Statilion DC1 was chosen at the upstream end of the
canal, stations DC2 and DC3 at the middle and station DC4

at the tail - end of the distributary canal (Fig 23.4).

e 'The float method was used for estimating and

evaluating the discharges at the stations. By using the
velocity-area method of flow measurement, discharges at
each station were determined . Wooden stakes of uniform
size were used for this purpose. At each station, a
straight and fairly clean section of the canal was
chosen. Two pcints, 10m apart were pegged, while the
float material was carefully dropped 2 to 3m away from
the first point (upstream) at the centre of the channel
reach. The time taken by the float to reach the
downstream (second point) was noted and recorded. The
distance traverse divided by the time gives the velocity.
This method was repeated several times and was done three
times per day for each of the four stations, during the
measurement period. The wvelocity calculated, according
to Stern (1985), is called the surface velocity. The
flow velocity or average velocity through the canal
depends on the flow depth and the effects of wind. The

average velocity was obtained by multiplying the surface

[
‘1
|
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velocity with a factor 0.75. The discharge through the
canal for each station was evaluated using Eq.2.1 for
each measurement period, at each of the stations, flow
area was estimated, from which the discharge was then
evaluated. Irrigation system conveyance efficiency (Ec)
and the conveyance losses (c.l) at the selected stations
on the distributary canals were, also evaluated using Egs

2.10 and 2.11 respectively.

3.4 Field channel (FC) Discharge Measurements.
Three stations were chosen on three separate field
channels (FC) supplying various blocks in the study area.
Station FC1 was chosen at the upstream end of the
distributary canal DC), station FC2 was at the middle and
station FC3 was located at the tail-end of the
distributary canal (see Fig. 3.4). Standard and
calibrated 200-mm cut-throat flumes were installed at the
three chosen stations FC1, FC2, and FC3, respectively.
The in-flow and out-flow discharges were monitored
throughout the irrigation season. Discharges at each
station were evaluated using Eq. 2.7. For each station,
the depth of flow into the cut-throat flume was measured
at the upstream section of the flume (ha). Using the
head (ha), equivalent discharge (Q) was established for
the stations. This discharge was compared with the

design discharge for the field channels of the project
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area.

Rating curves for each station on the selected field
channels were developed. Irrigation system distribution
efficiency {Ed) for the various field channels (FC), and
the distribution losses (D.L) were evaluated using Egs
2.13 and 2.14. !.

Also on the field channel supplying water to the
various farm units (Block 3F;), standard cut-throat
flumes were installed at selected stations 3FC,, 3FC,,
and 3FC; from which discharges were monitored during the
season. The irrigation system conveyance efficiency and

losses along the field channel were evaluated between

stations.

3.5 Farm Unit Diversions. '

On each cropped farm, water use was evaluated by
installing standard 100-mm cut-threoat flumes to detemine
the discharges to the farm. The flumes were installed
some distance away from drop structures, diversion
structures and turn-out or gates in order to avoid
splashing effects. The flume's floor should coincide
with the natural channel bed slope to avoid water build-
up or surging at the outflow (downstream} end of the
flume (Muhammad,1991). The depth of water at the
upstream of the flume (ha), was measured several times

and averaged for each station. This was repeated for

|
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every irrigation day. The discharge was evaluated using
Eg.2.8. During each measurement for farm water use, date
of irrigation, time of irrigation, time taken to irrigate
and the crop vield were recorded. Earlier in the season,
area of plot, type of crop grown in the plot and date of
planting were all recorded. Thus farm water use was
evaluated for each plot throughout the irrigation season
- using "Eq.2,2. ™" The- seasonal irrigation water-use was
evaluated from the amount of water going intoc the
individual plots during the season. T

|.
i

3.6 Crop Water-Use (CWU) Measurements %

The approximate design of irrigation systems and the
judicious application of irrigation water in the field
requires reliable information on the water requirement or
consumptive-use of the particular crop. The irrigation
water requirement of a crop may be defined as the maximum
amount of water applied at approximate intervals, which
will result in an optimum yield in both quantity and
quality {Shalhavet et-al, 1976). Historical
climatological data for Kadawa Irrigation Research
Station for the irrigation season under review was used
for evaluating the seasonal crop water requirement (CWR)
for the various crops within the experimental klock.
Hangreave's method (Egs 2.16, 2.17 and 2.18) was used for

this purpose. The Blanney-Morin-Nigeria method (Eg 2.19)
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and Pan Evaporation methods, were also wused in
prediciting crop water requirement for the project area.
The computed values of consumptive use of each crop were

compared with water applied for each farm unit.

3.7 Evaluation of Water Allocation and Distribution
The methods of irrigation water allocation and
distribution was monitored within the Kano River Project.
Personal interactions with the farmers, field workers and
irrigation officials (management) within the various
sectors of the project area was adopted. Information on
the various methods of water allocation and distribution
problems, farmer /management preferences were also

monitored.

3.8 Performance Index Evaluation.

The different performance indices: the relative
water supply (RWS), the cropping intensity and the water
productivity index and their effects on the rehabilition,
design and management interaction in the performance of
water allocation and distribution system were deteminaed
for the project area. The relative water supply (RWS)
index was evaluated for the plots within Block 3F7.
Also, suggestions were made on ways to improve the

relative water supply index.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSIONE

4.1 INTRODUCTION

A number of parameters were considered in the field
evaluation of the performance of the irrigation water
distribution systems at the Kadawa sector of the Kano
River ProjeqF, MgEgoroloqical data was collected from a
;earby meteorological station in the area and used to
compute crop water requirement for the various crops
grown on different farm plots in the experimental fields.
For the purpose of comparison, three empirical formulae
were used hamely Hargreaves (1874) Blanney-Morin -
Nigeria (1980), and the Pan Evaporation method.
Discharges at selected stations on the distributary canal
and field channels were monitored during the same period
from which the conveyance and water distribution
efficiencies and losses were determined. Rating curves
for the selected stations on the field channels were also
developed. The relative water supply (RWS) measure, was
evaluated for the area, while water applied depth was
related to the crop yield was also monitored.
4,2 Distribution Canal Efficiencies

The design of the distributary canal (DC) as a water
distribution system in the Kano River Project by NEDECO
(1973) was based on the efficient performance and

adequate canal capacity to convey the desired flow.
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Conseguently, average discharge were monitored through
the selected stations designated as DC1l, DC2, DC3 and DC4
on the distributary canal, The results obtained are
given in Table 4.1. The results show a decrease in the
discharge from the head-end to the tail-end of the
distributary canal. This could be due to factors such as

canal seepage, outgrown weeds, siltation and illegal

“diversions.

However, high discharges were recorded in the early
parts of the day and later part than afternoons. This
was notably due to few irrigation activities in the early
and later part of the day, compared to the afternoons.
The average discharge varies from 67 l1l/s to 102 1/s as
shown in Table 4.1.

Table 4.1: Summary of Daily Discharges Recorded at
Different Stations on the Distribution Canal

(D.C.) (1/8)

Date DC1 DC2 DC3 DC4
18~5-93 101 100 A 67
19-5-93 103 99 81 68
20=5=83 928 93 78 68
21-5-93 104 103 80 65
22-5-93 102 100 78 67
23-5-93 104 102 77 66
24-5-93 105 104 83 69
Total 717 611 550 470
Average 102 87 79 67
Standard 2.2 15.0 2.8 1.2
Error
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Table 4.2: Distributary canal Losses and Efficiencies

Date DC1~- DC2- DC3- DC2~- DC3- DC4 -
Dcz, DC3, DC4, 1 a; DC2, DC3,
L/S L/8 L/S % % %

18-5~- 1 27 6 899.0 73.0 91.8

93

19-5- a 18 13 96.1 81.8 84.0

93

20-5- 5 15 10 94.9 83.9 87.0

93

21=5- 1 23 25 99.0 77.7 81.3

93

22-5~- K 22 11 98.0 78.0 88.5

93

23-5= 2 25 11 98.1 75.5 85.7

93

24-5- N 21 14 991 79.8 83.1

93

Total 16 181 90

Ave~- 3 24 13 97.7 78.5 85.9

rage

Stand 1.8 4.7 5.8

ard

Error

' The conveyance efficiency of the distributary canal

was found to be fluctuating. However, the average

conveyance efficiency ranged from 78.5% to 97.7% for the

measurements on different days and time. The range of

coveyance efficiency shown in Table 4.2 above, is found

to be too wide and below the design conveyance efficiency

of 98% reported by NEDECO (1973). This could be

attributed mainly, to a number of factors such as seepage

losses through damaged canal banks and high

evapotranspiration losses due to out-grown weeds as




52 L
reported by Adewumi (1985). The inability to maintain a
constant head of water <throughout the period of
measurements at the release gates could alsc be a factor.
The method enmployed in the discharge meaerements
especially where there are damages in the canal sections

and geometry due to siltation, weed growth and section of

the canal irregularities could also lead to the low

Tonveyance efficiéncies. |

The covevance losses of the canal was evaluated for
the wvarious staticens as the differnce in discharge

between the first station and the preceeding stations.

~ The results obtained are shown in Table 4.2. The results

reveal varied conveyance losses and this trend increases
downstream. The average conveyane loss ranges from 3.0
1/8 to 24 1/S. The highest average conveyance loss was
recorded for the distributary canal which can be
attributed mainly to the general lack of maintenance of
the canal structures, notably damaged banks, borrow pits
and outgrown grasses within the canals.

The conveyance efficiency of the distribﬁtary canal
(Ec) was also evaluated as the ratico of the ocutflow to
the inflow discharges expressed as a percentage. A
summary of conveyance efficiency for the selected
stations on the distributary canal is shown in Table 4.2.
above, The results indicate a general decrease

downstream along the canal. However, an average overall
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conveyance efficiency of about 87.4% was obtained for the
distributary canal as against the 90.3% reported by
Adewumi (1985) and 98% by NEDECO (1973). This shows a
remnarkable reduction in the conveyance efficiency of the
distributary canal, The water distribution systems
performance of the Kano River Project cannot be accepted
as satisfactory since shortage of irrigation water in
“““““ sume parts of the project area will eventually result in

the reduction of land that can be put under irrigation.

4.3 Field Channel (FC) Discharge Efficiency

The different field channels on the experimental
farm were selected and the measurement stations were
designated as FCl, FC2, and FC3, respectively. The
discharges were measured for the stations and given in
Tables 4.2, 4.4 and 4.5, The results for the three
stations revealed a decrease in discharge from station
FCl1 to FC3. The average discharges recorded at these
stations were 18.2 1/s, 16.2 1l/s and 10.8 1l/s
respectively. The results show a general decrease in the
discharge as compared to NEDECO (1973), design discharge
range of 28 1/8 to 36.6 1/S. The result also shows a
% general decrease in the discharge from the head-end to
| the tail—-end of the farms or distributary canal given in

; Tables 4.3, 4.4 and 4.5, The rating curves developed for

the three field channels are as shown in Figs. 4.1, 4.2
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and 4.3, The overall average discharges for the field
channels was evaluated as 16.3 1/S, while the average
discharge of the distributary canal supplying the field
channels was 18.7 1/8. The distribution efficiencies
(Ed) for the field channels from the distributary canal
were evaluated as 86.5%, and 54.9%, while the
distribution losses (D.L.) were 5.5 1/8, and 7.7 1/8

“Table 4.3: Field Channel Discharge Records for Station:

FCl
Date Upstream Height Discharge Q
(ha) (cm) (1/8)

26-11-92 16.5 22.2
T~12~92 14.0 17.4
18-12~-92 12.5 14.7
29=12-~92 13.0 15.6
12-1-93 11.0 12«3
21l-1-93 12.0 13.8
9-2-~93 14.5 18.3
19=2=03 11.5 13,0
27-2-93 7.0 23.3
1=3=83 16.5 223
11-3=93 17.0 23.3
16=3=83 16.5 28,2
21=-3-93 14.0 17.4
25=3—-93 i5.5 20.0
1-4-93 17.0 23.3
Total 280,8
Average 18.7
Standard error 0.6
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Table 4.4: Field Channel Discharge Records Station FcC2

Date Upstream Height Discharge Q
ha (cm) (L/S)

26-11-92 16.0 21.3
7-12-92 13.0 15.6
18-12-92 10.0 10,5
29-12-92 120 13.8
12-1-93 9.0 9.0
21-1-93 11.5 13.0
 9-2-93 12.5 15.0
19-2-93 10.0 10.5
27-2-93 16.0 21l.3
1-3-93 15.5 20.0
11-3-93 16.0 21.3
16-3-93 15.0 19,3
21-3-93 12.58 14.7
27-3-93 14.5 18.3
1-4-93 18.5 20.0
Total 234.6
Average 16.2
Standard Error vl




Table 4.5: Field Channel Discharge Records Station: Fc3
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Date Upstream Height Discharge 0
ha (cm) (L/S)

26-11-92 14.0 17.4
7-12-92 8.5 5.2
18-12-92 725 6.8
29-12-93 8.0 T8
12-1-93 8.0 FTulh
———21-1=93 11.0 10.5
9-2-93 11.0 1251
19-2-93 7.5 6.8
27-2-93 8.5 8.2
1-3=-93 13.0 15.6
11-3-93 8.0 9.0
16-3-93 13:5 16.5
21-3-93 25 9.7
26-3-93 11.0 12.1
1-4-93 12.5 14.7
Total 162.7
Average 10.8
Standard Error 3«5
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Table 4.6: Summary of Discharge at Stations Fci FC2 And
FC3 on Different Channels (L/S)

Stations

Date FC1 Fc2 FC3
26-11~-92 22.25 21.25 17.4
7=12-92 17-39 15.56 8.2
18-12-92 14.67 10.50 6.8
29-12-92 15.56 13.80 75
12-1-93 1211 8.96 7.8
9-2-93 18.30 14.67 121
19-2-93 12.95 10.50 6.8
27=2-93 2327 21.25 8.2
1-3-93 22.25 20.63 15.6
11-3-93 22.27 21.:25 9.0
16-3-93 22.25 19.26 16.5
21-3-93 17.39 14.67 9.9
26-3-93 20.03 13.33 12.1
1-4-93 23.27 20.03 14.7
Total 280.79 243.01 162.7
Average 18.72 16.20 10.8
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Table 4.7: Distribution Efficiency (Ed) and Distribution
Losses (DL) for Field Channels FC1l FC2 and FC3

Distribution Efficiency Distribution Losses DL

Date FC1 FC1 FCl~- FC2~ FCl-
Vs vs FC2; FC3, FC3,
FCcz2, PLI, 1/8 1/8 1/8
% %

26-11-92 1.1 3.9 4.9
95.51 | 78.20

7=-12-93 1.8 T3 9.2
89.48 | 47.27

18-12-93 4.2 3.7 5
71.58 | 46.35

29-12-92 1.8 6.3 8.1
88.68 | 48.27

12-1-93 3.2 1.5 4.6
74.00 | 62.01

21-1-93 0.9 2.5 33
93.84 | 76.10

9-2-93 3.6 2.6 6.2
80.36 | 66.12

19-2-93 2.5 3.7 6.2
81.05 ] 52.25

27=2-93 2.0 13.0 15.0
91.28 | 35.37

1-3-93 > 9 4.4 6.7
91.24 | 70,11

16-3-93 3.0 2.8 5.B
86.56 | 74.16

21-3-93 p 5.0 Tid
84.36 | 55.89

26=-3-93 2.3 6.2 7.9
91.51 1 60.41

1-4-93 3.22 83 8.6
86.08 | 63.17

Total - - 34.6 80.3 116.1

Ave- v 5.4 T3

rage 86.45 | 53.87
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(Tables 4.6 and 4.7). The results indicate:that the
field channel at the head-end of the distributary canal
has a higher conveyance efficiency than that at the
taiel-end of the farm. The conveyance losses increased
from the head-end of the distributary canal to the tail-
end of the farm. This shows that water distribution
favours field channels at the head-end of the farm only
and hence, thess té&ceive and convey more irrigation water
than those at the tail-end of the farms. Also the
results of the distribution losses (DL), were found to
increase from the head-end to the tail-end of the farm or
distributary canal. Thus, farms at the tail-end receive
less irrigation water due to these losses. The result
also show that the performance of the irrigation water
distribution system of Kano River Project 1is not
satisfactory. The low distribution efficiency which
occours as a result of the high water distribution losses
within the project area could be due to factors such as;
illegal diversions from the distributary canals, faulty
diversion structures and leaking control gates. Water
distribution and allocation within the project area is

therefore not equitable. Equity of water distribution
within the project area was evaluated to be as low as
13.6% on the average. The results of discharge
measurements on three stations on a single field channel

obtained are presented in Tables 4.8, 4.9 and 4.10, and

T



63
the rating curves are given in Figs. 4.4, 4.5 and 4.6.

Table 4.8: Field Channel Discharge Records Station; 3FC1

Date Upstream Height Discharge Q L/S
ha (cm)

26=11-52 14.0 17.4
T-12~-92 8.5 8.2
18-12-92 T.oD 6.8
29-12-92 8.0 749
Ld—=1=83 8.0 T8
21+1=93 10.0 10. 5
G=2-93 11.0 12.1
19=2+93 T.5 6.8
27~2=93 8.5 8.2
1~3~93 13.0 15.6
11-3-93 9.0 9.0
16=3+~93 135 16.5
21=3=893 14.0 17.4
26=3-93 11.0 12.1
1-4-93 12D 14.7
Total 170.3
Average 11.4
Standard Error 3.7
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Table 4.9: Field Channel Discharge Records Station:

Date Upstream Height Discharge @
ha (cm) (L/S)

22-11-92 12,8 14.7
7=-12-92 8.2 7.9
18-12-92 6.0 4.9
29-12-92 7.0 6.2
12-1-93 6.0 4.9
-21-1-93 9.0 9.0
9-2-93 9.0 9.0

19-2-93 3.2 1.90
27-2-93 7.0 .
1-3-93 11.0 12.1
11-3-93 8.0 745
16~-3-93 9.0 8.9
21-3-93 12.0 13.8
26-3-93 8.5 8.2
1-4-93 10.4 5 G
Total 126.1
Average 8.4
Standard Error 3.2




Table 4.10: Field Channel Discharge Records Station:

65

3FC3
Date Upstream Height Discharge Q
ha (cm) (1/5)

26-11-92 8.2 7.9
7-12-92 4.0 2.7
1g-12-92 3.0 Lol
29-12-93 3+5 2.2
Ld=1=923 4.0 2.7
2i=1=-93 6.0 4.9
O9=2=093 5.0 < 8 4
19-2-93 1.0 0.3
27-2-893 3.0 1
1~3-93 4.0 2.7
11-3=93 3D v
16-3-93 Biyd 3+39
21-3-93 6.0 4,9
26=-3=93 7.0 6.2
1-4-93 8.5 8.2
Total 1T 4 59.7
Average 3.7
Standard Error 1.9
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Table 4.11: Summary of Discharge at Stations 3FCl, 3FC2
and 3FC3 on a Field Channel in (1/8)

Station Discharges
Date IFClL 3FC2 3FC3
26~11-92 178 14.7 7.8
7=12-92 8.2 7.9 2,59
18~12-92 6.8 4.9 1.7
28~12-93 . 6.2 - B
12=-1-93 A 4.9 2T
21=1=93 10.5 2.0 4.9
9=2-93 12.% 2.0 3.7
19~-2-93 6.8 1.9 0.3
27=2~93 8.2 5155 1.7
1-3=83 15.6 12.1 - =
11-3-93 9.0 7’5 2.3
16~-3-93 16.5 9.0 3.9
21-3-93 17.4 U348 4.9
26~3-=93 12.1 8.2 6.2
1-4-93 14.7 e [0 4 B.2
Total 170.3 126.1 55.7
Average 11.4 8.4 Fed
Standard 3.7 8.4 1.9

Error

~The values of the discharges measured at a station
showed remarkable variations. This implies that the
discharges through a station varied with time. A
comparison between the three stations (3FCl, 3FC2 and
3FC3), also indicates decrease in discharge from the

head-end and the tail-end of the farm, respectively.

These results are consistent with those obtained by
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Adewumi (1985), Maurya and Sachan (1985), and Muhammad
(1991) which suggest that the fields close to the water
source in the Kanc River Project, generally, stand a
better chance of getting more irrigation water than those
far away. |
The field channels of the project area was designed

to carry an average discharge of about 30 1/8 at a bed

wlope "ol "0.1% ' (NEDECO, 1973). However, field

measurements gave an average discharge of 11.4 1/S at the
head-end of the block. This was found to decrease down-
stream. The field channel conveyance losses were also
determined for different days and throughout the
irrigation season. The flow through the station 3FC1 was
considered as the inflow, while the subsequent ones, as
the outflow. The conveyance loss between any two
stations was evaluated as the difference het&een the
inflow and the outflow. On the first day of irrigation
(26 - 11 -~ 92), the conveyance losses for the field
channel were 2.7 1/5 and 6.8 1/8 for stations 3FC1 to
3FC2, and 3FC2 to 3FC3, respectively. The conveyanhce
losses for the other days are given in Table 4.12. The
average seasonal conveyance losses of 3.0 1/S and 5 1/8
was recorded for the field channel at the designated
stations stated abeve. The reliability of the field

|
channel was also evaluated for the purpose of conveyance

I
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Summary of Field Channel Conveyance Losses
and Conveyance Efficiency

Date Channel Losses Conve- Conve-
losses between yance yance
between 3FC2 and effi- effi-
3FC1 and 3FC3 ciency ciency
3FC2 (1/8) between between
(1/8) 3FC1 and | 3FC2 and

3FC2 (%) | 3FC3 (%)
26-11-92 2.7 6.8 84.31 53.58
T=12-92 0.4 5.2 95,62 33.84
~} B3 3=SE 1.9 Jod 71.76 35.45
29-12~592 1.4 4.0 81.89 35.28
i23=1=93 248 2.2 64.98 54.51
21~1-93 1+8 4.1 85.33 54.46
9=-2-93 3.5 Bed 88.71 41.41
19-2-93 4.9 1.6 Ll 15.7%9
27—-2~-93 2.1 4.4 74.73 28.13
1=-3~93 35 9.4 77 .56 21.98
11=3-853 1.5 5.3 83.82 28.89
16~3~-93 755 5.0 54.30 43.94
21=3~93 3.6 8.9 79.31 35.36
26=3=83 3.8 2.1 67.93 74.82
1=4~93 3.57 2.91 75.71 73.85
Total 44.2 70.4 74.05 44.18
Average 3.0 4.7 74.03 44 .23
efficiency. This was determined as the ratio of outflow

to inflow discharges, expressed as a percentage. A

summary of the field channel conveyance efficiency (Ec)
at the selected stations (3FCl1l, 3FC2, 3FC2) given in
Table 4.12 shows a decrease in efficiency downstream,

However, an average field channel conveyance efficiency
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for the entire period of measurement was found to be 58%
which is 4.32% less than that obtained by Adewumi (1985).
The field channels losses were assumed to be about 11.0
1/S by NEDECO (1973), but the field measurements reported
herein gave a value of about 41 1/S. This value is also
greater than the value of 18.3 1/S reported by Muhammed
(1991). A comparison of the design losses and those
obtained from field measurements indicate that the
operation of the distribution systems within the project
area, are below expectations.

A number of reasons could be attributed to the
variations in discharge and low values of efficiencies
for the water distribution system within the study area.
Since the field channels were unlined and erodible, the
channels were infested with aquatic weeds, which retarded
flow through the channels. The channel sections, which
were trapezoidal in shape, according to design, have
gradually become parabolic in shape; which could have
reduced the discharges. Most of the diversion gates at
the field turnouts were not functional, thus, allowing
continous flow of water through damaged points, and thus
reducing the discharge downstream. Also, indiscriminate
and illegal diversions of water by farmers, through
channel banks "cuttings" divert part or the whole water
to individual farm units. These damaged banks after

closing, provide permanent seepage points from the
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channels. Investigations amongst farmers and field
workers, revealed that irrigators either do not want to
use the recommended Siphon tubes or they are not provided
with any, by management. These were the reasons given by
farmers for illegal "cutting" of the channel banks in
addition to the general complaints that more time is
wasted when Siphon tubes are used.

Insufficient water supply at the tail-end of the
field channel is sometimes due to complete blockage of
water flow in the channel by the upstream farmers in
order to divert the whole water into their farm units.
Such blockages which often take long time, deny all the
farmers at the tail-end of the field channel the right of
water use. Another problem is the issue of damages done
by cattle to canal banks. These damaged banks usually
result in permanent seepage at canal banks and/or
overflow, reducing flow and discharge in the field

channels.
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4.4 Farm Units Discharge Records

Farm units are individual plots owned by farmers or
group of individuals. These units add up to a block.
Block 3F7, was selected for the purpose of monitoring the
water-use by each farm unit (Fig. 3.3). Each farm unit
was taken as a measurement station and designated by the
prefix F (Fig. 3.4). The experimental block which is
made up of nine farm unit designated as F1 to F9, was
monitored for discharge measurements. The measurements
obtained for fam units F1, F2, F3, and F5 are given in
Tablea 4.13, 4.14, 4.15 and 4.16, while the others are
presented in Appendix E. The farm units (plots) were
cropped to different crops. The parameters determined
for each farm units were irrigation date, time used for
irrigation, irrigation intervals and numbers, type of

crop grown and the area of the unit in the study area
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Table 4.13: Discharge, Volume and Depth of Water Applied to Farm Unit F1
Crop. Wheat Area = 0.01 ha.

calculated CWR

mm/day

Date Time Upstyre Dishch gg}ugg Depth

used am age Q | Applie | Applied

to Height | (m*/5) |4 QT $ (mm)

irrig { ha 10-4 (m3)

ate {cm)

(min)

HE BMN PAN

26-11-93 2.8 3.4 0.5712 | 1.90 - - = | =
7=12-93 2.4 4.0 4.2 0.67 2.02 -] 5.2 1.6
18-12-93 v 3.8 3.9 0.59 1,95 5.5 4.4 2.6
29=12-93 1.8 4.8 3.9 0.60 1.98 5.0 4.8 4.1
12-1-93 1:5 5.0 $.9 0.53 TRy 5.6 5.3 6.1
21-1-91 1.8 3.8 3.9 0.52 1.74 4.1 4.5 4.0
9~2-93 1.8 4.5 5.0 0.54 1.80 77 9.8 8.2
19-2-93 1.5 4.0 4.2 0.38 1.26 4.0 5.3 4.9
1=3=93 2.5 3.5 3.4 0.51 1.76 55 4.8 2.2
Total 4.84 16.12 388 451 338
Averaqge 0.54 1.79 48 56 42
Standard 0,06 0.17 10 14 18
error
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Table 4.14: Discharge, Volume and Depth of Water Applied to Farm dit F2
Crop: Cowpea (Green Beans) Area = 0.3ha.

calculated CWR

mm/day
_Date Timg Upstre piﬁgﬂﬁ: gglgmg Depth HE BMN __Pan

used am ge ? Applied | Applied d

to Height | (em®/6) | QT (m®) | (mm)

Irriga | ha cm | x 107

ted

(min)
1-3-93 9.0 3.0 2:7 1.456 19.44 - - -
11=-3=-93 8.6 3.8 ~"3.9 1.87 24,96 63 42 58
16=-3-93 78 K ¥ 3.1 1.40 18.60 30 2% 29
21-3-93 80 4.0 4.2 2.02 26.88 30 37 32
26=3-93 80 3:5 3.4 163 21.76 30 28 19
1-4-93 78 4.0 4.2 1.97 28,21 36 30 35
15-4-93 79 2.8 25 1.19 15.80 84 83 3
22-4-93 58 3.8 3.9 1.36 18.09 49 39 39
28-4-93 50 3.5 3.4 1.02 13.60 39 31 16
3=-5=93 53 4.0 4.2 1.34 17.81 30 23 18
Total 35.5 15.20 203.15 342 320

391
Average 3.6 1.52 20.32 38 36
43

Standard 0.46 0.31 4.13 13 16
Error 16
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Table 4.15: Discharge, Volume and Depth of Water Applied to Farm Unit - F3

Crop - Maize.
Area - 0.05 ha.

T T S ——

Time used Up-Strm Disch. Volm. Depth Calculated Daily Crop

to Height Q Appld. Appld. Water requirement
Date Irrigate ha (m3/s ot d HE BMN Pan
(min) (cm) ®10-4 {m3) (mm)
26-11-92 23 355 3.4 0.48 6.25 - - -
T=12=92 20 4.0 4.2 0.50 6.72 21 33 26
-18-12-92 22 . 3. D- sed o7 0.36 4.75 48 58 74
29~12-92 i5 3.5 3.4 0.31 4.08 31 38 54
12-1=-%3 16 3.8 3.9 8.37 4.99 42 73 75
9-2-93 14 3.8 3.9 0.33 437 96 98 111
159-2-93 15 3.0 2:7 0.24 3.24 60 52 66
1-3-93 16 4.0 4.2 0.40 5.38 64 50 67
11=3~93 17 3.5 3.4 0.38 4.62 70 27 62
16-3-93 16 3.3 i d 0.30 397 35 15 33
21-3-93 19 4.0 4.2 0.48 6.38 35 16 32
26-3-93 16 3.5 3.4 0.33 4.35 35 18 26
1-4-93 15 3.0 2.7 0.24 3.24 39 19 38
Total 49.4 5.08 67.72 622 553 711
Average 3.5 0.386 4.89 48 42 55
Standard .
0.46 0.06 0.99 17 21 21

Error

—— s
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4.16: Discharge, volume and Depth of Water Applied to Farm Unit - rs

Table
Crop: Tomato
Area: 0.20 ha
Time used Up=-Strm Disch. Volm. Depth Calculated Daily Crop
to Height Q Appld. Appld. Water requirement
(CWR) mm/day

Date Irrigate ha (m3/s Qt d HE BMN Pan

{min) (cm) x10-4 {m3) (mm)
20-11-92 21 2.8 2:5 0.32 4.2 - - =
T=12-92 i8 " 3.5~ k= =" 0337 4.9 a7 52 47
18=12-92 17 4.3 4.7 0.48 6.4 60 44 52
29=12-92 16 2.5 2.1 0.20 2.7 61 48 54
12=1-93 15 3.5 3.4 0,31 4.7 70 62 70
9=2-93 16 3.3 3.1 D.40 543 S50 45 w7
19-2-93 15 3.8 3.8 0.35 4.7 52 53 78
1-3-93 15 3.8 3.9 0.35 4.7 40 51 60
Total 32.0 3.25 43.3 491 453 522
Average 3.6 0.36 4.8 61 57 65
Standard

0.8 n.o07 0.9 16 13 19

Error

o -
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The emperical expression developed by Hargreaves HE
(1974), Balnney-Moris-Nigeria - BMN (1980), and Pan
Evaporation methods were used in estimating crop water
requirements for the different crops grown on the plots
in Block 3F7. The computed values of crop water
requirement for the crops on plots F1, F2, F3 and F5 are
presented in Tables 4.13, 4.14, 4.15 and 4.16, while
“those for plots F4 and F6 to F9 are given in Appendix E.
The computed values of crop water requirement obtained
from the three methods, (Table 4.17) are very close to
each other. However, the constants developed by
Hargreaves (1974) in the equation could possibly be
location-dependent, and thus may need local calibration
for the study area. Similarly, the global radiation
table (Appendix F), for the study area used in the HE is
because of lack of sunshine hours records for the study
area during the season

Table 4.17: Summary of Computed Values of CWR and

Applied Depth
calculated CWR

mm/day
Plot Crop Applied HE BMN PAN
water
Depth
(mm)
F1 WHEAT 16 383 451 388
F2 COWPEA 203 391 342 320
F3 MAIZE 67 622 553 771
F5 TOMATO 43 491 453 522
NOTE

HE = Hargreaves Equation
BMN = Blanney - Morin - Nigeria
PAN = Pan Evaporation Method
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Analysis of the individual farm units showed that
plot F1l, which was cropped with wheat covered an area of
0.1 ha, the sesaonal average water application depth
recorded was 16émm while the calculated crop water
requirement was 338mm for the same period. The plot
which was irrigated at an average interval of 12 days

and irrigation number of 9 covered an irrigation period

me—————%f 96 days as can be seen in Table 4.13. This frequency

was not consistent with a 5-7 day interval recommended
for wheat at the Kano River Project by Chari and Maurva
(1980). Also, the water applied te the plet could not
satisfy the recommended value of 431mm for wheat cbtained
by Abdulmunmin (1988) for the Kano River Project.
Inspite of the low level of irrigation, the crops were
doing well, probably due to the high water table of about
65cm recorded in some parts of the project area. The
value of the water table is slightly higher than the 80-
100cm recorded by Dalhat {(1989), for the project area,

Plot F2 made up of 0.3 ha. was cropped with cowpea. The

.ICOWpea was harvested fresh (green). The water applied

was 203mm for the period of 6 days with an average

~irrigation interval of 64 days. While the computed crop

water requirement during the same period was 320mm. The
recorded irrigation interval was more than that of 3-4
days reported by Aremu and Chari (1983), for normal

irrigation activities at the project area. The low
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level of irrigation recorded was observed to have no
physical affect on the crops, since no sign of stress was
observed from the crops.

Maize was cropped on plot F3, which covered an area
of 0.05 ha., The plot was irrigated for 127 days with a
seasonal water application depth of 67mm as against the
computed crop water requirement of about 711mm. The
-average irrigation interval was 10 days for the season,
which does not conform with the 5-7 days intervals
recommended by Aremu and Chari (1983) for maize, for the
Kano River Project. The performance of the crops was not
affected, probably due to the high water table recorded

in the project area. i

Plot F4, with an area of 1.0 ha. which was cropped
with Wheat, was irrigated 9 times for the 96 days
irrigation period with an average interval of 12 days.
The seasonal water application was 87mm as against the
338mm computed as the crop water requirement for the same
period under consideration. This low irrigation level
did not affect the performance of the crops since the
farmers obtained reasonable yields at harvest.

Tomatoes were grown on plot F5, with an area of 0.2
ha. It was irrigated for 96 days with an average
irrigation interval of 12 days. 34mm was recorded as the
seasonal water application detph, while the computed crop

water requirement for the same period was 522mm. The
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tomato yield was found to ke reasonable at harvest time
by the farmers. Ground water contribution due to high
water table could have been responsible for the high
yields of the crop and probably, the location of the site
in relation to the source {Dam). |

Plot F6é, which was cropped with maize covered a
total area of 0.8 ha. and used a total irrigation water
of 53mm and the calculated crop water requirement was
528mm for the same pericd. Average irrigation interval
and number of 12 days and 9, respectively were recorded
during the 96 days of irrigation period. Despite the
gross under-irrigation recorded, the performance and
yield of the crop was quite impressive at harvest. |

Wheat, covering an area of 3.0 ha. was grown on plot
F7 and was irrigated for 96 days with an average interval
of 12 days. An irrigation number of 9 was recorded with
the total application of 18mm and computed crop water
requirement of 338mm for the same period. There was no
sign of stress observed on the crecp in any part of the
plot inspite of the low level of irrigation. This was
due tc high water table and seepage contributions..

Plot F8, with an area of 0.12 ha cropped with maize
was irrigated at an interval of 6 days for a period of
122 days, received 96mm of irrigation water during the

season, while the crop water requirement computed for the

same period was 710mm. The maize which was also
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harvested fresh gave reasonably high yield inspite of low
level of irrigation.

The last cropped plot, F9 was seeded to wheat,
covering an area of 1.0 ha. The average irrigation
interval and number was 12 days and 9, respectively for
the period of 96 days during the season under
consideration. The total seasonal irrigation water
application depth was 15mm as against the computed crop
water requirement of 338mm during the same peried. The
value shows under-irrigation. Therefore, the high
performance of the crops could have been due to the high
water table recorded in the project area. i

Analysis of the results above indicates that the
determining factors for water allocation equity within an
organised irrigation project, such as time used for water
application, irrigation, date and the area cropped, crop
grown and farm unit position, was grossly undermined by
both the farmers and management of the project.

A crop by crop analysis of the results showed that
plots F1, F4, F7 and F9 having the same irrigation
frequencies and numbers have different water application
depths of 16, 87, 18, and 15mm respectively. This can be
justified by the variation in the cropped area, time used
to irrigate, and time of irrigation. However, the
difference in applied depth for plots F4 (87mm) and F?

(15mm) , can be contested, since the plots have the same
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areas. This shows that even on the same block of equal
size, equitable water allocation cannot be attained in
the project area. Unequitable water allocation could be
responsible for the over irrigation and under-irrigation
in some parts of the project area as reported by Muhammed
(1991). Field investigations revealed cases where crops

(tomato) were only irrigated twice and yet harvested with

‘reasonabile yield in most parts of the project area. This

was a practical evidence that underground replenistment
due to the high water table was responsible for low
levels of irrigation in the project area. |

Plots F3, F6 and F8 cropped with maize, did not only
record variations in water application depths per area
cropped, but irrigation intervals and number. The
irrigation intervals of 10, 12 and 6 days, respectively,
were recorded for the plots, while the irrigation number
of 14, 9 and 23 respectively were also recorded during
the season. The crop water requirement calculated for
the different plots using the three methods remained
fairly constant for the same crops. |

A summary of the results indicate significant
variations in water used by farmers of both the head-end
and the tail=-end of the block, regardless of farm size
and type of crop grown. This was due to uncontrolled
wate supply to the affected areas. Water allocations

amongst plots was unsatisfactory as indicated by the
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relatively low water allocation equity. If all plots
were to be irrigated at the same time and on the same

day, the farmers at the head-end of the block (F1), will

" receive the highest average application depth per

irrigation, since the highest average discharge was
recorded at the head-end of the block. Apart from this

plot, the rest of the plots could be seen to receive

~considerably, lower supplies. Field investigations also

revealed that generally, crops at the tail-end of the
bleck could only be adequately irrigated in the
afternoons and late evenings. This methed was adopted so
that farmers at the tail-end will have enough irrigation
water, since it was assumed that the head-end farmers
might have irrigated in the morning. This fact is
contestable, since there was no defined time for
irrigation for both the head-end farmers and the tail-end
farmers.

The wide variations in seasonal water application
within the project area, resulting in under irrigation,
was brought about by monopoly of water-used by the head-
end farmers. This could be traced back to both the field
channels and distributary canals. Complete absence
(Zero) of run-off at the outflow in all the furrows
during the season was enough evidence of under-irrigation
as recorded in most of the plots. The reascons could be

that, the field workers were either not patient enough to
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Plot Crop Period of | Average Irriga
grown Irriga- Irriga- tion
tion tion Number
Interval
days
1 WHEAT 96 12 9
2 COWPEA 64 17 10
3 MAIZE 127 10 14
4 WHEAT 96 12 S
5 TOMATO 96 12 9
6 MAIZE 96 12 9
¥ WHEAT 96 12 9
8 MAIZE 122 6 23
9 WHEAT 96 12 9

86
run water in the furrows up to the time the water reaches
the lower end of the furrow, or there was insufficient
water from the field channels.
The average irrigation number and interval as
shown in Table 4.18, ranges from 9 to 23

Table 4.18: Summary of Irrigation Intervals, Number and
Period for Various Crops in the Project Area

and 6 to 17 days, with overall averages of 9 and 12 days
respectively, almost twice of what was assumed by NEDECO
(1973) and adopted by the projects management. The
average value, however, agrees reasonably well with the
14 days recommended by Dalhat (1989), for check basin
irrigation for the wheat crop in the Kano Project. The
low irrigation number and high irrigation intervals

evaluated might be due to the low soil moisture depletion
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as a result of high water retention capacity of the soils
and the contributions from ground water table as a result

of shallow water table, reluctance on the part of the

§

[LY A"

irrigators to irrigate, when the crops are not observed
physically te be under stress and inadequate irrigation
water in the affected areas. Since all the crops were
harvested with reasonable yield inspite of scanty water
~———-—gpplicatiom in most parts of the project areas, reported
cases of high water table by researchers, such as Nwa
{(1982). Adewumi (1987) and Dalhat (1989} in the Kano
River Project are thus confirmed. If this trend
continues, a time will come when the crops grown, need
not be irrigated and this will lead to salt accumulation
and general reductions in the crop yield.
4.5 Irrigation Schedule

Irrigation scheduling mainly depends on the crop
grown, soil type, evaporative demand, location of field
and avilability of water. For instance, Aremu and Chari
(1983) found that a field close to the water source in
the project could receive as much as 500mm depth of water
application in each irrigation. A survey conducted
through farmers' group meetings in the KXano River
Project, indicates that at least 20% of the farmers
irrigate their fields between 25-30 days intervals due to
either shortage of water or because the crops are not

stressed under such intervals. However, the field study
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showed that the average irrigation interval of between

10-12 days was in the use in the project area., i
| i

G e omie wwa

Drainage

Most of the water removal systems in the project

area was observed silted and full of aguatic weeds.

_ Consgquently, most of the drainage channels were not

-;charrying“surfaCEWrun—off and seepage water from irrigated

fields that could be utilized or re-cycled. Poor drainage

in the project area has resulted in noticeable salt

| éccumulation within the soil profiles, especially in low

areas of the project, which may eventually affect crop
production in the future.

4.6 Water Applied and Crop Yield

.. Table 4.19 shows the effects of water applied and

area, on the yield of crops.
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Table 4.19: Water Applied (mm) and Crop Yield (Kg/ha)

Plot Area Crop Water Yield
cropped Grown Applied Kg/ha
(ha) (mm )
1 0.01 Wheat 16.0 1580
2 0.30 Cowpea 20.3 *
3 0.05 Maize 68 *
4 1.00 Wheat 87 1520
S 0.20 Tomatoe 53 *
6 0.80 Maize 53 *
7 3.00 Wheat 18 1480
8 0.12 Maize 96 *
9 1.00 Wheat 15 1540
Average 1530

* Harvested fresh and Randomly.

The crops on plots F1, F2, F3, F5, F6 and F8 where
harvested fresh and randomly by the farmers, thus yield
could not be monitored and quantified. However, visual
assessment from the field showed that high yield were
recorded for these plots. The crops on plots Fl1, F4, F7
and F9 were monitored up to harvest, gave an estimated
yield in Kg/ha of 1580, 1520, 1480 and 1540 respectively,
with an average yield of 1530 Kg/ha. However, plots F4
and F9 having the same area recorded varied water applied
depth and crop yield. The result showed that crop yield
was not influenced by either area cropped or water
applied. The variability in crop yield could have been

influenced by both agronomic and cultural treatments
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adopted by individual farmers. Similarly, apart from
plot F2, all other plots recorded very low water supply,
thus the high performance of the crops was due to
contribution from the high water-table recorded within

the project area.

4.7 Performance Index Evaluation
o The actual relative water supply (RWS) measure or
indicator was used to determined the adequacy and equity
of irrigation water supply to various plots in the study
area. This was determined as the ratio of the actual
water supply (irrigation water) to the estimated demand
(crop water requirement). The supply includes the
irrigation water diverted into each plots while the
demand is the computed crop water requirement. In this
study, rainfall which could have formed part of the
supply was zero, since no rainfall was recorded during
the irrigation season. Also seepage and percoclation
losses were not considered as the components of the crop
water requirement, (Valera and Desa, 1989).

The daily RWS values for each of the farm plots

were estimated (Tables 4.20a, 4.20b, and 4.20c).
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Table 4.20a: Weekly Relative water Supply (RWS) for
plots F1, F2 and F3

plot F1 F2 F3

Date D s RWS D S RWS D S RWS
26-11-92 - - - - - - - - -
7-12-92 16.1 2.0 12.4 25.9 6.7 29.5
18-12-92 26.1 2.0 7.9 73.8 4.8 6.5
29-12-92 41.4 2.0 4.8 53.8 4.1 7.6
12-1-93 61.0 1.8 3.0 74.9 5.0 6.7
21-1-93  40.0 1.7 4.3 47.3 5.4 11.4
9=2=93 81.5 1.8 2.2 111.7 4.4 3.9
19-2-93 48.5 1.3 2.7 66.3 3.2 4.8
1-3-93 23.4 1.8 Ye? 66.6 5.4 8.1
11-3-93 58,4 25.0 42.8 66.2 4.6 7.4
16-3-93 29.0 18.6 64.1 32.8 4.0 12.2
21-3-93 31.5 26.9 85.4 31.6 6.4 20.3
26-3-93 19.3 21.8 113.0 25.6 4.4 17.2
1-4-93 34,9 26.2 75.1 38.0 3.2 8.4
15-4-93 73.3 15.8 21.6

22-4-93 38.9 18.1 46.5

28-4-94 15.8 13.6 86.1

3-5-94 18.5 17.8 96.2

Tota 338.1 16.1 47.6 319.6 203.2 630.8 710.5 67.7 95.3

D Water demand
S Water supply
RWS= Relative water supply x 107

Table 2.20b: Weekly Relative water supply (RWS) for plots
F4, F5 and F6

Plot F4 F5 Fa

Date D s RWS D S RWS D S RWS
7-12-92 16.1 15.7 29.5 47.2 4.9 10.4 47.2 7«3 18.85
18~12-~92 26.1 8.2 31.4 52.5 6:4 12.2 52.5 6.5 12.4
29-12-92 41.1 10.7 25,8 53.8 2.7 5.0 53.8 7.4 13.8
12-1-93 61.0 8.7 14.3 76.0 4.1 5.4 75.9 5.2 6.9
9=-2~93 81.5 10.1 12.4 106.7 6.4 6.0 111.7 5.7 5.1
19-2-93 48.5 6.7 13.8 77.6 4.8 6.2 66.3 4.4 6.6
1=3=93 23.4 6.1 26.1 60.4 4.7 TaB 737 4.4 6.0

Total 338.1 86.8 257.6 521.5 43.4 83.2 528.4 53.0 100.3
D = water demand

S = water supply

RWS = Relative water supply x 107
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Table 4.20c: Weekly Relative water supply

F7, Fa8 and F9

{RWS) for plots

Date D S5 RWS D S RWS D 5 RWS
7-12-93 16.1 2.5 15.2 16.1 2.4 14.9
y 9-12-92 56.0 2.8 5.0 ,
[ 16-12-92 32.1 4.3 13.4
1 18-12-92 26.1 2.0 7.7 26.1 2.4 9.2
22-12-92 29.5 9.0 30.5
29-12-92 41.4 2.4 5.8 41.4 1.6 3.9
4-1-93 41.9 3.9 9.3
. ¥ T, B B B 30.4 6,1 20.1
12-1-93 61.0 2.6 4.3 61.0 6.9 11.3
15-1-93 25.6 1.7 6.6
21-1-93 40.0 2.7 6.8 31.9 7.6 23.8 40.0 1.9 4.8
26-1-93 30.8 2.0 6.5
1-2-93 36.6 3.2 8.7 l
6=-2-93 28.2 2.0 7.1
9-2-93 81.5 1.6 2.0 81.5 1.4 1.7
13-2-93 43.0 5.7 13.3
19-2-93 48.5 1.9 3.9 48.5 1.8 3.7
20~2-93 45.9 2.0 4.4
27=-2-93 44.8 6.6 14.7 i
| 1-3-93 23.4 1.4 6.0 15.6 6.0 38.5 23.4 1.4 6.0
x 11-3-93 62.2 3.5 5.6
16=-3-93 22.7 7.0 30.8
21-3-93 31.6 5.4 17.1
26-3-93 25.1 6.6 25.6
1-4-93 37.6 5.2 13.8
Total 338.1 18.0 53.2 70l.4 96 136.9 338.1 15.1 44.7
J D water demand

S5 = water supply

;i_-_ RWS = Relative water supply x 107

and using these values,

equity in irrigation water

distribution and allocation amongst the components were

evaluated.

demand as indicated in Table 4.20.

plots indicated less supply than demand.

The results showed inadequacy of supply to

Almost all the farm

There were low

i .. values of irrigation water supply recorded in farm plots

Fl1, F5, F6, F? and F2. This can also be observed by the

3
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low values of RWS recorded for the same farm plots. The
irrigation water supplied, on the average, was far less
than the estimated demand. The RWS values showed that
the upstream plots were provided with more irrigation
water than the dowstream plots (Table 4.20a, 4.20b, and
4.20c). The low values of RWS which indicates inadequacy
and unrealiability of irrigation water supply, were
compensated for by the high water table of 65cm, on the
average, recorded for the project area during the season
under considerations. The value was higher than the 85cnm
monitored by Dalhat (1989), for the same area.

The performance of the project area in terms of
the relative water supply (RWS), indicates that there are
opportunities wherein improvement can be made. As regard
to the equity of irrigation water distribution, better
distribution can be attained if proper monitoring and
control of irrigation activities are undertaken by the

Management Authorities of the project area.
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CHAPTER FIVE

5;0 SUMMARY, CONCLUSION AND RECOMMENDATIONS

5.1 Summary f

A study was conducted in the Kadawa sector of the
Kano River Project during the 1992/93 irrigation season,
with the primary aim of evaluating the performance of a

part of the distribution system (distributary canals, and

field- channels), irrigation water distribution and

allocation methods as they affect control, operation and
equity. The crop water reguirement (CWR) of the various
crops grown within the selected field (3F7), was computed
using meteorological data of the study area during the
sason for comparison with the water application depth.
Stage measurements were monitored at the selected
stations on both the distributary canal, field channels
and farm units respectively. Discharge was evaluated
from the data obtained from the calibrated structures
(cut-throat flunes) at the selected stations on the field
channels and farm units. The water conveyvance losses and
efficiencies were determined for each of the selected
stations. Block 3F7, located at the tail-end of the farm
was selected for the purpose of monitoring water flows
into the various farm units. Measurements were taken
from the Block which was made up of nine plots, and were
used to evaluate the irrigation water application depth,

irrigation intervals and number, equity of irrigation
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water distribution and allocation, and the relative water
supply (RWS) index for the project area.

The results obtained from the study shows that
variations exist in discharge both with space and time.
A general decrease from the head-end to the tail-end in
discharge was observed. However, an average discharge of
84 1/S was recorded for the distributary canal with an
average conveyance efficiency of 87%. The distribution
equity of the slected field channels on the distributary
canal was evaluated to be as low as 14%, on the average.
However, the average field channel discharge for the
selected stations in a particular field channel (block
3.7) was 11.4 1/S. The results obtained from the various
farm units indicate significant variations, both at the
head-end and the tail-end of the farm and also between
plots, regardless of size and crop grown. Irrigation
intervals and number were also evaluated and found to be
inconsistent, and thus undermining design
recommendations. Water application for crop use was
grossly underestimated for the plots which in plies under
irrigation. Comparison with computed values of crop water
requirements for various crops, showed wide differences.

Apparent lack of proper organisation and monitoring
of water distribution in the Kano River Project was very
glaring. Unprofessional and ill-planned rotational

method of water distribution and allocation was imposed
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on the farmers by the management without prior knowledge
of such changes. Water allocation in the project area
was not properly defined, since there was no realistic
basis for the allocations.

The relative water supply (RWS) index was
investigated for the project area. Field evaluation
showed that all the plots had low values of RWS, which is
an-indication of low level of irrigation. However, the
high performance of the field crops was as a result of
high water table recorded in most parts of the study
area. Similarly, the yield was not influenced by the

land area cropped and water applied depth.

5.2 Conclusion
The following conclusions could be drawn from the

results obtained in this study:

, 3 The performance of the water distribution systems
(distributary canal, field channel and farm units)
of the project area was found to be very low as can
be seen from the low conveyance and distribution
efficiencies and high distribution and conveyance
losses. The low values are attributed to poor
canal conditions, damaged structures and
indiscriminate operation of release gates by the
farmers. Illegal diversions of water through canal

bank "cuttings" and complete blockage by the head-
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end farmers are also contributing factors.

Equity in water distribution and allocation within
the study area was found to be generally low amongst
the field channels and the farm units within the
selected block (Block 3F7). The wvariability of
water distribution equity was being influenced
primarily, by the distance from the turnouts and
possibly, presence of over-grown weeds within the
distribution systems.

Since depth of water applied to individual plots was
found to be generally lower than the computed crop
water requirements, due to low irrigation number and
high irrigation intervals, the survival of the crops
depended on other sources, preobably, contributions
from ground-water which further confirmed reported
cases of high water table within the project area.
The low values of relative water supply (RWS) as a
measure of the performance of irrigation water
distribution systems, showed that water supplied to
all the farm units fallshort of the demand. Inspite
of the low level of irrigation, the performance of

the crops and the yields were not affected.

Recommendations

The following recommendatios are presented herein

for the attention of the management Authorities and
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future areas of study:

1.

Permanent and functional discharge measuring devices
should be installed at strategic locations within
the project area at the beginning of each irrigation
season, while damaged structures should be serviced
and repaired.

Annual general maintenance of the distribution
systems should be carried out before the
commencement of each irrigation season, while
routine maintenance should be done at least three
times per season.

Organised farmers associations or groups should be
formed amongst farmers within the project area for
the purpose of easy management. In furtherance of
this, farmers' organisations should be adequately
educated and trained on the operation and
maintenance of some few field turnouts and even
recording of daily discharges to their blocks. This
should be under strict supervision by management.
water distribution and allocation in the project
area should be based on the following:

Labour contribution by an individual or group of
farmers towards general maintenance of water
distribution system

Size and location of land holding by farmer(s) in

the command area and



(iii) Type of crop grown.

5.

o9

Meteorclegical data, though easier and guicker to

use, should be employed for at least 3-4 years

"pericd before obtaining the data that can be used

for practical purposes, rather than just one year.
It should be recommended that, similar work be

conducted at all the sectors of the project area,

especially-on-the three performance indices. Apart

from the water application depth and vyield,
agronomic, cultural practice and cost benefits
should also be monitored and evaluated for each

farmers plot.
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Takle Al: NOVEMBER 1992

AIR TEMPERATURE (°C) RELATIVE WIND EVAP.

HUMIDITY (km) (mm})

Date MAX MIN MEAN RH (%)
1 30 13 21.5 73 88.6 5.1
2 31 15 23 68 91.0 5.8
3 32 15 23.5 77 101.8 5.7
e e 33 14 23 a2 115.7 5.1
5 31 16 23.5 63 103.5 6.3
6 32 16 24 66 101.4 6.3
7 32 12 22 59 115.4 6.0
8 32 11 21.5 73 106.3 6.4
9 32 12 22 55 121.9 5.6
10 32 15 23.5 61 120.4 6.4
11 33 13 23 30 122.3 5.6
12 33 14 23.5 39 110.7 6.8
13 33 13 24 39 111.1 6.9
14 31 13 22 59 114.7 4.3
15 31 14 22.5 58 116.1 7.0
16 31 13 22 39 110.0 5.0
17 31 13 22 65 106.6 5.8
18 32 13 22.5 76 112.2 4.5
19 33 13 24 39 112.9 4.6
20 32 13 22.5 47 113.0 4.7
21 32 13 22.5 54 125.1 7.1
22 © 32 14 23 57 109.8 6.5
23 _ 33 14 23.5 47 130.4 5.5
24 33 14 23.% 50 148.7 8.0
25 34 13 23.5 65 102.6 5.3
26 , 35 13 24 60 101.0 5.5
27 35 14 24.5 56 107.3 5.5
28 33 15 24 67 108.4 4.1
29 34 16 25 60 70.4 4.2
4.1

30 32 17 24.5 45 123.9
- * . jl.
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TEMPERATURE (°C)

MAX

32
32
33
33
31
31
31
28
31
30
29
25
27
26
28
28
28
28
27
25
32
31
31
31
26
27
22
24
23
25
26

Table A2: DECEMBER 1992
MIN MEAN RH (%)
14 23 59
16 24 64
13 23 64
14 23.5 52
13 22 81
14 39.58 74
13 22 74
14 21 74
14 22.5 68
13 21.5 68
15 22 47
14 19.5 48
16 2% .5 91
13 19.5 43
12 20 50
11 19.5 43
13 20.5 33
13 20.5 43
12 19.5 48
12 18.5 45
12 22 64
13 23 71
13 23 65
13 22 64
11 18.5 75
11 19 80
10 16 75
12 18 79
1 17 38
10 1745 83

9 17.5 29

WIND

(km)

99.8
120.9
125.0
121.0
1312
120.1
113.6

89.0

87.7
112.1
108.2
106.8
137.8
113.2
103.6
1376
130.9
135.7
144.7
126.4
109.6
126.9
150.0
185.9
205.1
222.2
198.0
150.7
144.8
155.3
206.8

EVAP.

= & & & =

WooNvNOODOUNOORUOODLONNNOONOOLWLOUOOLIEOOO OO &
MEHEOOCDODULVEHEONNLOOOOWLDDA,ROHEHOUO® DN IO

—
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Table A3 : JANUARY 1993

TEMPERATURE (°C)

DATE MAX MIN MEAN RH (%) WIND EVAP.
(km) (mm)

1 24 9 16.5 25 205.5 5.2
2 22 6 14 85 213.3 6.2
3 21 7 24 67 210.6 6.1
4 21 10 15.5 41 216.6 6.5
5 19 %8 15 45 199.7 6.8
6 20 12 16 40 153.4 5.3
7 23 10 16.5 37 219.9 7.4
8 23 10 16.5 41 221.%F 8.9
9 22 10 16 35 159.1 4.9
10 24 10 17 37 212.9 6.3
13 22 12 17 39 243.8 6.0
12 p 12 17 45 176.1 S
13 24 9 16.5 37 168.5 8.7
14 24 10 17 39 175.2 6.6
15 26 11 185 34 172.7 6.6
16 26 2 ¢ 18.5 55 170.1 Tl
17 28 9 18.5 43 220.8 Fel
18 23 S 14 50 17953 6.6
19 30 9 19.5 34 191.0 6.2
20 31 5 18 49 213:3 6.2
21 29 7 18 56 138.2 7.8
22 24 T 15.5 28 183.2 8.0
23 26 9 17,5 67 179, 1 T
24 28 11 19.5 48 230.1 6.3
25 29 8 18.5 35 151.9 T ol
26 28 10 19 21 211.4 11.4
27 29 ] 19 45 2723 6.8
28 29 8 18.5 38 165,11 6.5
29 27 9 18 39 160.1 7.2
30 28 h 7 20 42 161.0 9.2
31 27 13 14 71 291.4 10.6
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DATE

RN LN
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FEBRUARY 1993

TEMPERATURE (°C)

MAX MIN MEAN
22 14 18
22 12 17
26 12 19
26 12 19
24 12 18
25 5 18
27 12 19.5
27 35 21
28 5 21.5
28 15 21.5
28 13 20.5
28 13 20.5
27 14 20.5
25 16 20.5
26 12 19
28 11 19.5
27 13 20
24 i3 18.5
27 9 18
26 15 20.5
26 14 20
29 14 21.5
28 13 20.5
31 14 22.5
33 13 23
35 14 24.5
36 16 26
35 16 25:5

RH %

33
37
35
33
35
48
46
47
41
90
38
43
31
33
47
49
49
66
72
44
44
40
49
49
59
56
50
51

WIND

(km)

258.4
263.4
222.7
223.6
224.9
170.8
143.4
139.9
149.8
154.8
230.0
218.2
291.6
233.4
181.7
154.8
360.7
299.6
281.6
256.3
283.6
200.8
144.8
133.2
109.0
121.3
127.5
149.1

EVAP.
(mm)

COOXLONCOOAAN DDA YINONOII
- . ® @& # # & @ ® @» w = #
COUARLWWONCOOANOCOONAOUYLALMONOONEHW

= [
L . - L] . .

|

—_
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Table A5 MARCH 1993
TEMPERATURE (°C)

DATE MAX MIN MEAN RH (%) WIND EVAP.
(km) (mm)
1 33 12 22.5 54 137.9 10.3
2 35 12 23.5 60 115.0 8.2
3 38 16 27 68 145.2 8.4
4 39 13 26 71 146.0 8.5
5 41 i | 26 71 144 .4 8.4
6 32 . 21.5 58 229.3 5.3
7 33 13 23 54 101.1 6.7
8 33 14 23.5 59 100.2 5.8
9 33 16 24.5 42 108.7 6.6
10 34 8 26 56 115.8 10.1
11 35 14 24.5 80 119.7 9.9
12 36 14 25 67 109.7 8.3
13 33 15 24 69 174.8 9.3
14 33 16 24.5 48 130.6 8.0
15 33 17 25 45 162.8 9.2
16 33 1% 25 44 149.8 8.8
17 36 16 26 47 123.4 9.8
18 37 18 27.5 45 93.6 7.0
19 36 18 27 59 115.0 7.4
20 37 18 27.5 61 124.3 6.9
21 38 19 28.5 56 102.6 9.9
22 34 22 28 43 120.8 6.2
23 35 19 26 42 99,3 7.6
24 33 18 25.5 41 160.1 7.7
25 33 17 25 43 130.3 6.1
26 33 17 25.5 52 135.0 6.1
27 33 17 24 51 128.7 6.1
28 32 16 24 61 155.9 9.9
29 32 16 24 50 140.1 8.3
30 32 17 24.5 44 166.0 10.8
31 33 17 25 42 145.9 9.1



DATE

QRO J0U &S WM =

TEMPERATURE (°C)

MAX

33
34
36
36
37
36
37
38
39
37
37
38
38
39
39
39
36
36
38
39
38
37
38
39
39
39
39
39
39
35

Table A6

MIN

17
17
17
18
17
15
17
18
18
17
16
17
16
17
19
22
21
22
24
23
24
23
24
24
24
24
24
23
24
25

113

MEAN

25
25.5
26.5
27
27
25.5
27
28
28.5
27
26.5
27.6
27
28
29
30,5
28.5
29
31
31
31
30
31
31.5
31:5
31.5
31.5
31
3]
30

APRIL 1993

(RH) % WIND
(km)

63 148.4
61 159.4
48 113.4
48 116.6
47 126.4
48 112.5
37 135.4
39 155.0
45 160.1
42 161.9
62 1905
46 106.8
51 99.8
51 126.8
46 154.2
49 153.1
46 202.1
60 144.9
51 133.9
47 129.8
43 155.7
59 195.2
65 155.5
57 188.7
46 169.7
64 175.4
62 156.2
64 177.7
53 221.32
59 250.1

7.9

L] . . o » .
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.
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Table A7
TEMPERATURE (°C)
MAX MIN

37 23
38 24
38 22
36 -y
34 24
38 22
32 23
33 22
34 23
35 23
37 23
33 21
36 21
36 21
37 21
37 23
38 24
38 23
38 23
38 24
38 24
37 23
37 24
39 23
39 23
42 24
41 24
39 24
38 22
40 24
39 24
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MEAN
30
31
31
29.5
29
30
27.5
275
28.5
29
30
27
28.5
28.5
24
30
31
30.5
30.5
31
31
30
30.5
31
31
33
32.5
L.
30
32
31.5

MAY 1993
(RH) WIND

(%) (km)
76 230.2
69 216.0
74 202.8
71 222.6
81 309.3
60 215.3
64 177.9
76 115.7
78 170.6
76 259.1
76 122.9
68 149.5
59 157.9
63 180.1
80 152.6
69 150.9
67 147.8
71 182.9
62 185.0
62 180.1
70 179.7
64 186.4
68 146.0
63 185.3
68 223.7
63 187.9
60 150.9
73 151.5
66 205.4
75 229.8
64 209.6

EVAP.
(mm)

- _
Oda W dNdd

L S " & & @ B & » 8 @»
SOOI OVWS

[ =
HFNWNWWORANORWOUOoOWOUIWUMIIJWU.
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APPENDIX B

COMPUTED VALUES OF CROP WATER REQUIREMENT
(H-E METHOD) -mm/day
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Wheat.

-
-

Crop

Table Bl

Nov. Dec. Jan. Fev. March. April May

Date
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Cowpea (Green Beans)

Crop.

Table B2
Month
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Crop Maize

Table B3

Month
Date
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APPENDIX C
COMPUTED CROP WATER REQUIREMENT (BMN METHOD) - mm/day
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C3
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APPENDIX C
COMPUTED CROP WATER REQUIREMENT (BMN METHOD) - mm/day
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APPENDIX D

COMPUTED VALUES OF CROP WATER REQUIREMENT (PAN METHOD)
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TOMATO

PLOTS:

Table D4
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APPENDIX E

RECORDS OF DISCHARGES, VOLUME AND APPLIED DEPTH TO VARIOUS FARM UNITS (PLOTS)
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Table El: Discharge Volume and Applied Depth te Farm Unit. F4
Crop: Wheat
Area. 1.0 ha

Time used up str. Disch. Vol. Depth Calculated crop water

To Height Q Appld. Appld. Reguirement (CWR).
Irrigate ha (m3/s) oT d mm/day
: cm X10-4 {m3) (mm) HE BMN Pan
Date (min)
26~11-92 158 3.8 - 3.9 3.721 12.40 - - -
7-12-92 149 4.5 5.0 4.700 15.67 45 52 16
18~12 92 120 3.8 3.4 2.448 -8.16 85 44 26
29~12-92 97 4.8 5.5 3.201 10.67 50 48 41
12~1-92 92 4.3 4.7 2.594 8.65% 56 63 61
21~1-93 B3 4.5 5.0 2.490 8.30 41 45 40
§-2=93 79 5.3 6.4 3.034 10,11 T 98 82
19=2-93 a0 4.0 4.2 2.016 6.72 40 53 49
1-3-93 78 3.8 3.9 1.825 6.80 55 49 23
Total 42.0 26.029 B8B6.76 383 451 338
Average 4.7 2.892 9.64 48 56 42
Standard
0.8 0.770 2.5%7 10 14 18

Error
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Table E2: Discharge, Volume and Applied Depth to Farm Unit - F5

Crop: Maize
Area: D & ha.

Time used Up str. Disch. vol, Depth Calculated Crop Water

to Height Q Appld. Appld. Requirement (CWR)
Irrigate ha (m3/s) QT d mm/day
R L ©ooem o eemex10-40 0 (m3) mn HE BMN Pan
Date {min)
26-11-92 29 3.5 3.4 0.5916 7.89 - -. -
7~12-92 27 3.5 1.4 0.5508 7.34 i6 52 47
18-12-92 26 3.3 3.1 0.48386 6.45 33 49 52
29=-12-92 22 4.0 4.2 0.5544 7.398 28 42 54
12-1-93 19 3.5 3.4 0.3876 5.19 42 63 76
21-1-93 16 3.5 3.4 0.3264 4.35 36 49 47
9-2-93 17 4.0 4.2 0.4284 5.71 96 98 112
19-2-93 16 3.5 3.4 0.3264 4.5 60 47 66
1-3-93 16 3.5 . 3.4 0.3264 4,35 64 50 74
Total ' : 1.9 31.9756 83,02 395 4151 528
Average 3.5 0.4417 5.89 49 56 66
Standard _ ' " _ ‘ P
Error 0.33 0.10 1.38 20 14 18

i
%
£
o
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Table E3: Discharge, Volume and Applied Depth to Farm unit - F7
Crop: Wheat

Area: 3 ha
Time used Up strm.~-Disch.--Vol. Depth Calculated baily crop

to Height 0 Appld. Appld. Water Requirement
Irrigate ha {ml/s) ot d {CWR) mm/day
T (cm) x10-4 (m3) {mm) HE BMN Pan
Date (min)
26~11~-92 38 245 2.1 0.4788 1.60 - - -
7=-12~92 30 4.0 4.2 0.7560 2.52 45 52 16
18~12~92 25 3.8 3.9 0.5850 1.85 55 94 26
29~=12~-92 IB - 3.5 3.4 0.7140 Z.368 50 45 41
12-1-53 20 4.5 5.6 0.6000 2.60 56 63 61
21=1~-93 35 3.8 3.9 0.8150 2273 41 45 40
9=2=93 25 < M) 3.1 0.4650 1,55 77 98 82
19=-2-93 30 3.3 3.1 0.5580 1.86 40 53 49
1=3=-93 28 2.8 2.8 0.4200 1.40 55 49 23
Total 31.5  5.3958 17.99 383 451 338
Average 3.5 0.59495 2.0 48 56 42
Standard

Error 0.83 0.12 0.41 10 14 13
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Table E4: Discharge, Volume and Applied to Farm unit - FB8
Crop: Maize

Area: 0.12 ha-- -~~~

Time used Up strm  Disch. vol. Depth Calculated Daily Crop
to Height Q Appld. Appld. Water Requirement g
Irrigate ha {m3/s) QT d {CWR)
T {cm) x10-4 (m3) {mm) HE BMN Pan

Date {min)
26=11-92 26 1.5 0.96 0.1498 2.0 - = ~
9-12-92 23 2.0 1.5 0,2070 2.76 27 59 56
16-12-92 20 3.0 2.7 0.3240 4.32 21 i1 32
22-12-92 19 50 5.9 0.6726 8.97 17 29 30
28-12-92 28 2.0 i+5 0.2526 3.36 28 19 29
4-1-93 18 3.0 27 0D.2916 3.B% 16 28 42
10-1=83 18 4.0 4.0 0.4536 6.05 22 30 30
15=1-93 22 1.5 4.2 0.1267 1.69 32 26 26
21-1-93 16 5.0 5.9 0.5664 7.55% 32 29 32
26-1-93 17 2.0 T 0.1530 2.04 20 25 31
1-2-93 15 3.0 2.7 0.2930 3.24 28 30 37
6=-2-93 17 2.0 I.% 0.1530 2.04 30 27 28
13-2-93 14 4.0 4.2 0.4284 5.71 42 35 43
20~2-93 17 2.0 1.5 0.1530 2.04 42 33 46
27-2-93 14 5.0 5.9 0.4956 6.61 318 31 45
1-3-93 15 4.5 5.0 00,4500 6.00 14 14 16
11-3-93 16 3.0 247 0.2592 1.45 fa 27 62
16-3-93 15 5.0 5.9 0.5310 7.08 35 15 23
21=-3-93 16 4.0 4.2 0.4032 5.38 35 17 32
26=3-93 14 5.0 5.9 0.4956 6.61 35 21 26
1-4-93 13 4.5 5.0 0.3900 5.20 39 16 18
Total TY.32 7.1987 95.99 623 540 701
Average 3.40 0.3272 3.5% 31 27 35
Standard

Error 1;786 0.15 .97 9 7 9
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Table ES: Discharge, Volume and Applied Depth to Farm Unit-F9
Crop: Wheat

Area: 1.0 ha
Time used Up-Strm. Disch. Vol. Depth Calculated Daily crop

to Height Q Appld. Appld. Water Reguirement
Irrigate ha (m/s) QT d ({CWR) mm/day.

T
Date (min) (cm) xX10~4 (m3) {mm) HE BMN Pan
26~-11-92 35 2:5 2.1 0,4410 1.47 - - =
7T=12=92 45 3.0 2ol 0.7290 2.43 45 52 16
18-12-92 35 3.5 3.4 0.7140 2.38 55 44 26
21=-12-92 38 2:5 2.1 0.4788 1.60 50 48 41
12-1-93 25 2.2 e 0.2550 6.85 56 63 61
21-1-93 15 3.0 2T a.5670 1.89 41 46 40
9~2-93 25 3.0 2.7 0,4050 .35 7 98 82
19-2-93 26 3.5 3.4 00,5304 1.77 40 53 49
1=-3=93 25 3.5 247 0.4050 1:35 55 49 23
Total 23.5 4.5252 18,09 383 451 338
Average 2.6 0.5028 1.68 48 56 42
Standard

Error 0.48 0.13 0.98 10 13 18
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e -

Crop

Barley, \Wheat
Green Beans
Jaire

Millot
Sorghum
Cotton
Tomatoes

Cabbane w. 10 085
Cauliflowe

Table &1 — Crop Coefficients (Kc) for various crops and their

growing periods

L
Relative Humidity — Relative Humidity Growing

more than 70% less than 20% Period
(humid) (arid) Days
Mid- Final Aid- Final
Season Growth Season Growth

i 0.25 12 0.2 120165

095 085 10 09 7590
11 055 1.2 06 £0110
1.05 03 1.15 0.25 105-140
1.05 05 1.15 0.55 120-130
1.1 065 1.2 065 180-195
1.1 06 1.2 065 135-180
1.1 095 8095

e e e ——
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