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The manual providing the reader with addaioinformation on the
various types of field Intakes, the measuring ef discharge of a siphon

or spile, and the measuring of water by differgpes of method.

In addition, the manual describes in sol®&il the basin and border
irrigation methods. Also, the furrow, sprinkler athglp irrigation methods

are discussed.

On the other hand, the papers contain mahtthat is intended to
provide support for irrigation training courses atual facilitate their

conduct.

Thus, taken together, they do not presentomplete course in
themselves, but | hope it helpful to use those ape sections that are

relevant to the specific irrigation conditions undescussion.

The material may also be useful to indmaldstudents who want to

review a particular subject without a teacher.
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An adequate water supply is important for planwglho When rainfall

Is not sufficient, the plants must receive adddionater from irrigation.

Various methods can be used to supply irrigatiotewtd the plants.

Importance of irrigation

Irrigation means the action of applying water todan order to supply

crops and other plants with necessary water.

- To Supply Water Partially or Totally for Crop Need
- To Cool both the Soil and the Plant

- To Leach Excess Salts

- To improve Groundwater storage

- To Facilitate continuous cropping

- To Enhance Fertilizer Application- Fertigation

Irrigation is the process of supplying water, indiidn to natural
precipitation, to field crops, orchards, vineyardspther cultivated plants.
Irrigation water is applied to ensure that the wateailable in the soil is
sufficient to meet crop water needs. The role ofation is to improve

production and the effectiveness of other inputs.
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In the next 35-45- years, world food productionlwited to double
to meet the demands of increased population.

- 90% of this increased food production will have dome from

existing lands.

- 70% of this increased food production will have dome from

w N

[ )N

irrigated land.

. Increase in Crop Yield

. Protection from famine

. Cultivation of superior crops

. Elimination of mixed cropping
. Economic development

. Hydro power generation

. Domestic and industrial water supply
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Agriculture is by far the largest water use at glolevel. Irrigation of
agricultural lands accounted for 70% of the wateedu worldwide. In
several developing countries, irrigation represemmso 95% of all water

uses, and plays a major role in food productionfand security.

Future agricultural development strategies of nadsthese countries
depend on the possibility to maintain, improve aexpand irrigated

agriculture

On the other hand, the increasing pressure on weataurces by
agriculture faces competition from other water ssetors and represents a

threat to the environment.

Water is a resource that may create tensions awmungries down and
upstream. Irrigated agriculture is driving muchtloeé competition since it

accounts for 70-90% of water use in may of thegens.

Water used for agriculture comes from natural dreotalternative

sources.

Natural sourcesinclude rainwater and surface water (lakes aretsiv

These resources must be used in a sustainable way.
Rainwater resources rely on the atmospheric comditiof the area.
Surface water is a limited resource and normalyuimes the construction

of dams and reservoirs with a significant environtatimpact

Alternative _sources of irrigation water are the reuse of municipal

wastewater and drainage water
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However, the use of recycled water for irrigatiormymhave some
adverse impacts on the public health and the emwiemt. This will depend
on the recycled water application, soil charactiess climate conditions

and agronomic practices.

Therefore, it is important that all these factoestdken into account in

the management of recycled water.

S %

The water quality used for irrigation is essenfial the yield and
guantity of crops, maintenance of soil productivigyd protection of the
environment. For example, the physical and mechamperties of the
soil, ex. solil structure (stability of aggregates)d permeability are very

sensitive to the type of exchangeable ions praesamnigation waters.

Irrigation water quality can best be determinedchgmical laboratory
analysis. The most important factors to determiree duitability of water

use in agriculture are the following:
-PH
- Salinity Hazard
- Sodium Hazard (Sodium Adsorption Ration or SAR)
- Carbonate and bicarbonates in relation with the &#&1g content
- Other trace elements
- Toxic anions

- Nutrients

- Free chlorine
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The excess of salts content is one of the majocexms with water used
for irrigation. A high salt concentration presentthe water and soil will

negatively affect the crop yields, degrade the kand pollute groundwater.

The suitability of water reuse for irrigation withigh salt content

depends on the following factors:
- Salt tolerance of the type of crop.

- Characteristics of the soil under irrigation

- Climate conditions.

The quality of the irrigation water plays an essgnble in arid areas
affected by high evaporation rates and cause haglttentrations of salt

accumulating in the soil.
- Soil and water management practices.

In general, water reuse for irrigation purposes tmhe/e a low to
medium salinity level (i.e. electrical conductiviby 0.6 to 1.7dS/m). (See

table below).

Special account should be taken to coastal areasewthe infiltration
of seawater poses a high risk of salinity in theewhat is then pump from

wells to be used in irrigation.

Hazard TDS (ppm or mg/L) |[dS/m or mmhos/cm

None <500 <0.75
Slight 500-1000 0.75-1.5
Moderate 1000-2000 1.5-3.00

>2000
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Salinity with moderate content of sattan be used if moderate leaching

occurs.

Water with_high salindECi>1.5) and sodiunfSAR>6) should not be
used for water irrigation. Nevertheless, in sonsce$ with water shortage,
water with high salinity concentration is used asuaplement for other
sources and therefore a good management, conteskential, and the salt

tolerance of the plants must be considered.

If water with a very high salinitys used, the soil must be permeable,

drainage must be adequate, water must be appliexzkaass to provide
considerable leaching and salt-tolerance crops Idhde selected.
Real hazard! A percentage of 21% of total irrigdted is estimated to be
damaged by salt.

& ) (
& ) "
High sodiumions in water affects the permeability of soil aralises

infiltration problems.

This is because sodium when present in the sakehangeable form
replaces_calciunand _magnesiunadsorbed on the soil clays and causes
dispersion of soil particles (i.e. if calcium andagnesium are the
predominant cations adsorbed on the soil exchaogplex, the soil tends
to be easily cultivated and has a permeable & daaistructure).

This dispersion results in breakdown of soil aggteg. The soil
becomes hard and compact when dry and reducesatdih rates of water

and air into the soil affecting its structure.
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This problem is also related with several factarshsas the salinity rate
and type of soil. For example, sandy soils maygeitdamage as easy as

other heavier soils when it is irrigated with hiSAR water.

& *

High sodium concentrations become a problem whenirhltration
rate is reduced to such a rate that the crop doedave enough water
available or when the hydraulic conductivity of 8wl profile is too low to

provide adequate drainage.

Other problems to the crop caused by an excessa$ the formation
of crusting seed beds, temporary saturation ostingace soil, high pH and
the increased potential for diseases, weeds, msian, lack of oxygemand

inadequate nutrient availability.

Recycled watecan be a source of excess Na in the soil compaitbd

other cations (Ca, K, Mg) and therefore it should appropriately

controlled.
Tolerance SAR of irrigatiot Crop
water
Very sensitive 2-8 Fruits, nuts, citrus, avocat
Sensitive 8-18 Beans
SISl 18-46 Clover, oats, rice
tolerant

Wheat, barley, tomatoes, beets,
46-102 wheat grass, crested grass
Source: Extracted from the Australian Water Quality Guidel for Fresh & Marine
Waters (ANZECC)
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The index used is the Sodium Adsorption Ratio (SARY} expresses
the relative activity of sodium ions in the exchamgactions with the soil.
This ration measures the relative concentratiosoafium to calcium and

Magnesium.

SAR is defined by the following equation:

=N
SAR Jca+mg/2

SAR: Sodium Adsorption Ratio (ion concentrations i)
Na: Sodium
Ca: Calcium

Mg: Magnesium

SAR Hazard of irrigation water

SAR | Notes
None < 3.0 No restriction on the use of recycled water

From 3 to 6 care should be taken to sensitive ¢
From 6 to 8 gypsum should be used. Not sen:
Slight tc 3.0 -crops.
moderate 9.0  Soils should be sampled and tested every 1 or &
to detemine whether the water is causing a soc
increase

Severe damage. Unsuitable
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Bicarbonate hazard of irrigation water: High cardenéCQ") and
bicarbonate (HC®) increases SAR index (around >3-4mEg/L or >180-
240mg/L). Let us explain why:

Bicarbonate and carbonate ions combined with cal@umagnesium

will precipitate as calcium carbonate (Caff@r magnesium carbonate

(MgCGQs) when the soil solution concentrates in dryingdibans.

The concentration of Ca and Mg decreases relatisadiumand the
SAR indexwill be bigger. This will cause an alkalizing effeand increase
the PH. Therefore, when a water analysis indicaitgs PH level, it may be

a sign of a high content of carbonate and bicartasnans.

& - &,.
The RSC has the following equation:

RSC= (CQ+HCOy)-(C&"+Mg™)

It is another alternative measure of the sodiuntardnin relation with Mg
and Ca. This value may appear in some water quajigrts although it is

not frequently used.

If the RSC < 1.25 the water is considered safe

If the RSC > 2.5 the water is not appropriate fogation.

Bicarbonate (HCg@hazard of irrigation water (meq/L.)
None Slight to Moderate Severe

(meg/L)<1.5 1.5-7.5 >7.5

RSC <125 1.25t025 >2.5
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Trace elements:

Some elements in irrigation water may be directixid to crops.
Establishing toxicity limits in water is complicat®y reactions, which take
place once the water is applied to the soil. Wheelament is added to the
soil from irrigation, it may be inactivated by chieal reactions or it may

build up in the soil until it reaches a toxic level

An element at a given concentration in water mayjneaediately toxic
to a crop because of foliar effects if sprinklergation is used. If furrow
irrigation is used, it may require a number of geéor the element to
accumulate to toxic levels, or it may be immobiize the soil and never

reach toxic levels.

Irrigation waters containing more than 1.0-ppm Ino(B) may cause

accumulation of toxic levels for sensitive crops.

10
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The irrigation system consists of a (main) intakeigure or (main)
pumping station, a conveyance system, a distribusgstem, a field

application system, and a drainage system (Fig.2.1)

purn;ung

stanon

Fig.2.1 (irrigation siem and pumping station)

The (main) intake structure, or (main) pumpingistgtdirects water

from the source of supply, such as a reservoir vea, into the irrigation
system.

The conveyance system assures the transport of vate the main
intake structure or main pumping station up tofiblel ditches.

The distribution system assures the transport demwtnorough field
ditches to the irrigated fields.

The field application system assures the transplovtater within the

fields.

11
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The intake structure is built at the entry to tirgation system (see
Fig.2. 2) Its purpose is to direct water from the@ioal source of supply

(lake, river, reservoir etc.) into the irrigatiopsgem.

Fig.2.2 (main intake structure).

In some cases, the irrigation water source liesvbdhe level of the
irrigated fields. Then a pump must be used to sumalter to the irrigation
system. (See Fig. 2.3).

/ @ ‘““ﬁrzi,‘_;;_’?/f
/<H, -

/ B

,,A\\

A\ \\\

Fig.2.3 (pumping station).

12
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/F—~ discharge pipe
lectri t
flexible o Tecine metar

connection

suction
ptine \ ,[J
L
1

- "'f%:
U5

(Diagram of a centrifugal pump

:—Z'Tbase

3
The vertical distance water is lifted for irrigatipurposes vary widely.
In some localities, water is lifted only a few fe&t others, it is raised
several hundred feet (See Fig. 2.4).

The difference in elevation of the water surfacea jpond, lake, or river
from which pumped water is taken, and the watefaserof the discharge
canal into which water flows from a submerged disgk pipe is known as
the "static head"

In pumping from ground-water sources, the statadhs the difference

in the well and the water surface of the dischaayel.

In addition to the static head that pumps must wagainst pipe
frictional resistance, sharp curves in pipes, aherofactors

-Static Suction head Distance between the surfaces of waté€Source)

and_pump
-Static discharge head Distance between the pungmd _ discharge
canal.

-Total Static head-=static suction+static discharge.

13
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-Friction head: Loss by the friction and (valve+elbow).

-Total dynamic head=Total static head+friction head.

Fig.2.4 (Pumping Lifts)

, % %
The conveyance and distribution systems consisianfls transporting

the water through the whole irrigation system. Catraictures are required

for the control and measurement of the water flow.

An open canal, channel, or ditch, is an open wagmwhose purpose is
to carry water from one place to another. Channadscanals refer to main
waterways supplying water to one or more farmsldFditches have

smaller dimensions and convey water from the famira@ce to the
irrigated fields

14
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According to the shape of their cross-section, ksarsae called
rectangular (a), triangular (b), trapezoidal (ajcwar (d), parabolic (e),

and irregular or natural (f) (see Fig.3. 5

Fig2.5 (Type of cross-sectional for open capal

The most commonly used canal cross-section in ating and

drainage is the trapezoidal cross-section.

The typical cross-section of a trapezoidal canahisvn in (Fig.2. 6)

a1

canal bank. canal bank

e

——————— a~
_____ T
i
h h1 h
L-_ L L e ST L _ JL i
l | 1
T 1 1
k—— w——% b
a = top width of the canal
a1 = top width of the water level
h = height of the canal

h1 = heigth or depth of the water in the canal
b = bottom width of the canal

h:w = side slope of the canal

f = free beard {(= h-h1]

Fig.2.6 (typical cross-section of a trapezoidal edn

15
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The freeboard of the canal is the height of thekkebove the highest
water level anticipated. It is required to guardchiagt overtopping by

waves or unexpected rises in the water level.

The side slope of the canal is expressed as raingely the vertical
distance or height to the horizontal distance aitlwvi

For example, if the side slope of the canal haatia of 1:2 (one to
two), this means that the horizontal distance @wo times the vertical
distance (h) (see Fig.2. 7)

W=3m

I

o

side sloper hiw = 1.5:3 = 1:2 (one to twe)

Fig.2.7 (side slope of canal)

The bottom slope of the canal does not appear emtawing of the
cross-section but on the longitudinal section (Bgg2.8). It is commonly

expressed in percent or per mil.

Fig.2.8 (bottom slope of thenal)

16
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An example of the calculation of the bottom slope @anal is given

below (see Fig. 2.8).

the bottom slope (96) = eigntdifferencelmetres) oy 1m o5 o0
horizontaldistance (metres) 100 m

or

the bottom slope ()= gt difference(metres) oo 1M 4o00_qog,
horizontal distance (metres) 100m

4 ) ,
Earthen canals are simply dug in the ground andémk is made up
from the removed earth, the disadvantages of eacthrals are the risk of

the side slopes collapsing and the water lossagedpage.

They also require continuous maintenance, in otdesontrol weed

growth and to repair damage done by livestock adémts.

3 , 2
Earthen canals can be lined with impermeable na$etd prevent

excessive seepage and growth of weeds.

17
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Lining canals is also an effective way to contrahal bottom and
bank erosion. The materials mostly used for caneild are concrete, brick
or rock masonry and asphalt concrete (a mixturesaid, gravel and
asphalt). (See Fig. 2.9).

The construction cost is much higher than for eartlcanals.

Maintenance is reduced for lined canals, but skiédor is required

Fig.2.9 (canal construction)

The flow of irrigation water in the canals must aj® be under

control. For this purpose, canal structures araired.

They help regulate the flow and deliver the coresaobunt of water to
the different branches of the system and onwathdarrigated fields.

18
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There are four main types of structures: erosiontrod structures

distribution control structuresrossing structureand water measurement

structures

I. Erosion control structures

a. Canal erosion

Canal bottom slope and water velocity are closelgted, as the

following example will show.

A cardboard sheet is lifted on one side 2 cm frowa ground (see
Fig.2.10a). A small ball is placed at the edgehef lifted side of the sheet.

It starts rolling downward, following the slope eltion.

The sheet edge is now lifted 5 cm frora ground (see Fig.
2.10Db), creating a steeper slope. The same bakglan the top edge of the

sheet rolls downward, but this time much faster.

The steeper the slope, the higher the velocithetdall.

Fig.2.10 (the relationship between slope and vetgci

Water poured on the top edge of the sheet reaetsaime as the ball.
It flows downward and the steeper the slope, tig@dr the velocity of the

flow.

19
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Water flowing in steep canals can reach very higloaities. Soil
particles along the bottom and banks of an earttaaral are then lifted,
carried away by the water flow, and deposited doreasn where they may

block the canal and silt up structures.

The canal is said to be under erosion; the banightneventually

collapse.

b. Drop structures and chutes

Drop structures or chutes are required to redueebtittom slope of
canals lying on steeply sloping land in order toidvhigh velocity of the

flow and risk of erosion.

These structures permit the canal to be construate@ series of

relatively flat sections, each at a different eteva(see Fig.2.11).

Drop structures take the water abruptly from a &igbkection of the

canal to a lower one.

In a chute, the water does not drop freely butasied through a
steep, lined canal section. Chutes are used where #re big differences

in the elevation of the canal

water surface

Fig.2.11 (Longitudinal section of a series of drgbructure9
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ii. Distribution control structures

Distribution control structures are required fosyand accurate water

distribution within the irrigation system and ore ttarm.

a. Division boxes

Division boxes are used to divide or direct thevflof water between

two or more canals or ditches.

Water enters the box through an opening on one aideflows out
through openings on the other sides. These operargequipped with

gates (see Fig. 2.12

Fig2.12 (A division box with three gatgs

21
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b. Turnouts

Turnouts are constructed in the bank of a canayTivert part of the

water from the canal to a smaller one.

Turnouts can be concrete structures or pipe stegiirig. 2.13).

Fig. 2.13 (A pipe turnou

c. Checks

To divert water from the field ditch to the fieltljs often necessary to

raise the water level in the ditch.

Checks are structures placed across the ditch tk ildemporarily
and to raise the upstream water level. Checks egoebmanent structures
(Fig. 2.14a) or portable (Fig. 2.14b).

Fig.2.14a (A permanent structures) Fig.2.14b (A portable metal check)

22
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lii. Crossing structures

It is often necessary to carry irrigation waterossr roads, hillsides
and natural depressions. Crossing structures, ssi¢luraes, culverts and

inverted siphons, are then required.

a. Flumes
Flumes are used to carry irrigation water acrodiegu ravines or

other natural depressions.

They are open canals made of wood (bamboo), metabwocrete,

which often need to be supported by, pillars (Bi@5a).

Fig.2.15a (A coete flume)

23
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b. Culverts

Culverts are used to carry the water across roats. Structure
consists of masonry or concrete headwalls at tle¢ @amd outlet connected
by a buried pipeline (Fig. 2.15b).

Fig.2.15b (A culvert

c. Inverted siphons

When water has to be carried across a road whiahtlse same level
as or below the canal bottom, an inverted siphomised instead of a
culvert. The structure consists of an inlet andedwonnected by a pipeline
(Fig. 2.15c). Inverted siphons are also used toycasater across wide

depressions.

Fig.2.15c (An inverted siphon

24
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The principal objective of measuring irrigation te/ais to permit
efficient distribution and application. By measuritige flow of water, a

farmer knows how much water is applied during eaapation.

In irrigation schemes where water costs are chatgethe farmer,

water measurement provides a basis for estimatatgrveharges.

The most commonly used water measuring structuresvairs and
flumes. In these structures, the water depth id ogaa scale, which is part

of the structure.

Using this reading, the flow-rate is then computeam standard
formulas or obtained from standard tables prepaspecially for the

structure

2#

In its simplest form, a weir consists of a wall tohber; metal or
concrete with an opening with fixed dimensions icuits edge (see Figs.
3.1a, b, ¢).

The opening, called a notch, may be rectangulapeizoidal or

triangular.

25
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Fig.3.1a (A RECTANGULAR WEIR)

Fig.3.1b (A TRIANGULAR WEIR)

Fig.3.1c (A TRAPEZOIDAL WEIR

26
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The Parshall flume consists of a metal or conccétnnel structure
with three main sections: (1) a converging sectrthe upstream end,
leading to (2) a constricted or throat section 8jda diverging section at
the downstream end (Fig. 3.2).

Fig. 3.2 (A Parshall flumé

Depending on the flow condition (free flow or subged flow), the
water depth readings are taken on one scale dmyugpstream one) or on

both scales simultaneously.

27
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The cut-throat flume is similar to the Parshalhile, but has no throat
section, only converging and diverging sectiong (Sig. 3.3).

Unlike the Parshall flume, the cut-throat flume hadlat bottom.
Because it is easier to construct and install, ttettwoat flume is often

preferred to the Parshall flume.

Fig. 3.3 (A cut-throat flumé

0) "

0 0)

Measuring the period of time required to fill a tminer of a known
volume can be used to measure small rates of flmh as from individual
siphon tubes, sprinkler nozzles, or from individoatlets in gated pipe.

Ordinarily one gallon or five gallon containers Mié adequate. Small

wells can be measured by using a 55 gallon basrtHecontainer.

Fig.3.4 (Siphon Measuremeit

28
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a- flow meters Commercial flow meters are available for measuring
the total volume of water flowing through a pipe.
b-

Fig. 3.5 (Flow meter)

29
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The float method can be used to obtain an apprdgimaasure of the
rate of flow occurring in an open ditch. It is esjpdly useful where
installations that are more expensive are not fiadtior high degree

accuracy is not required.

Select a straight section of ditch from 50 to 1€&fong with uniform
cross-sections. Make several measurements of ttiih \anhd depth of the

test cross-section to arrive at an average cragmsal area.

Using a tape, measure the length of the test seofithe ditch. Place
a small floating object in the ditch a few feet @edohe starting point of the
test section and time the number of seconds far dbject to travel the

length of the test section.

This time measurement should be made several timasrive at a
reliable average value. By dividing the length of tlest section (feet) by
the average time required (seconds), one can detivedocity in feet per

second.

Since the velocity of water at the surface is gre#ttan the average
velocity of the stream, multiply the estimated aud velocity by a
correction factor (0.80 for smooth lined ditches] &.60 for rough ditches)

to obtain the average stream velocity.

To obtain the rate of flow, multiply the averagess-sectional area of
the ditch (square feet) times the average stredatite (feet per second)

and the answer is the rate of flow in cubic feetgeeond.

30
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The trajectory method of water measurement is @ fafrvelocity area
calculations that can be used for determining #te of flow discharging

from a horizontal pipe flowing full.

Two measurements of the discharging jet are requoecalculate the

rate of flow of the water.

The first measurement is the horizontal distan®g, (parallel to the
centerline of the pipe) required for the jet tomla vertical distance “Y”

which is the second measurement.

By using "Y” equal to either 6 or 12 inches, theeraf flow for full
pipes can be calculated by multiplying the horiabrdistance “X” (in

inches) times the appropriate factor for the nohpnze diameter.

The following table contains water discharge faotdrere “Y” is

measured from the outside of the pipe as indicatélae sketch above.
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Nominal Factor When Factor When
Pipe Diametel Y=6 Y=12

2" 5.02 3.52

3" 11.13 7.77

4" 17.18 13.4

6" 43.7 30.6

8" 76.0 52.9

10" 120.0 83.5

12" 173.0 120.0
EXAMPLE:

A farmer has a well discharging a full 8" pipe. Thwizontal distance
(X) is 19" while the jet surface drops 12". Whathe well yield?

Step 1 Enter the water discharge factor table at 8" manpipe
diameter. Moving to the right and under the coluneaded Y = 12" we
find the factor to be 52.9.

Step 2 Multiplying this factor 52.9, times the horizohthstance, 19"
calculate the well yield to be 1,005 gpm.
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In general, there are many methods of applying miethe field.

However, in irrigation practice there are threedasethods namely:
1-Surface irrigation.
2-Sprinkler irrigation. and
3-Drip irrigation.

Surface irrigation:| basin irrigation
furrow irrigatior
border irrigatior

Sprinkler irrigatior

Drip irrigation

On the other hand, the following outline lists anmer of factors of
the environment, which will have a bearing on tlhealeation of irrigation

system alternates and the selection of a partisykstem.

2 )%
1. Crops & Cultural Practices

2. Soils
a. Texture, Depth & Uniformity
b. Intake Rate & Erosion Potential

c. Salinity & Internal Drainage

2 )% & * %
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2# & % (Quantity and quality of Available water)

2,

1. Flood Hazard

2. Water Table

424

a.Labour Costs & Inflation

b. Energy, Operation & Maintenance

Surface irrigation uses gravity flow to spread wabeer a field.
Surface systems are the least expensive to install,have high labor

requirements for operation compared to other iflogamethods.

1. Uniformity associated with surface irrigation.

2. Increase understanding of irrigation efficienclgsses, and
distribution and application of best managementctpras to improve

efficiency and uniformity of surface irrigation.

The correct amount of water to apply at each itiigadepends on the
amount of soil water used by the plants betweagaiions, the water-
holding capacity of the soil, and the depth of thep roots. The rate at
which water goes into the soil varies from one atign to the next and

from season to season.
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In basin irrigation, water is applied to a complietevel (sometimes
called "dead-level") area enclosed by dikes or é&wdThis method of
irrigation is used successfully for both field amgv crops. The floor of the
basin may be flat, ridged or shaped into beds, mdipg on crop and

cultural practices.

Basins need not be rectangular or straight sidedi tlze border dikes
may or may not be permanent. This irrigation teghaiis also called by a
variety of other names: check flooding; level besgecheck irrigation;

check-basin irrigation; dead-level irrigation; dedel-basin irrigation.

Basin size is limited by available water stream ,siapography, soil
factors, and degree of leveling required. Basin meayquite small or as

large as 40 acres or so.

Level basins simplify water management, since ithgator need only
supply a specified volume of water to the field tiadequate stream size,
the water will spread quickly over the field, minaimg non-uniformities in

inundation time.

Basin irrigation is most effective on uniform soifgecisely leveled,
when large stream sizes (relative to basin area) amailable. High
efficiencies are possible with low labor requiremsehe flatter the land

surface, the easier it is to construct basins.

In addition the soils Which are suitable for basiigation depends on
the crop grown, Also soils which form a hard cnwkien dry (capping) are

not suitable.
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Fig4.1 (Basin Irrigation)

BASINS SHOULD BE SMALL IF THE:

1. Slope of the land is steep

2. Soil is sandy

3. Stream size to the basin is small

4. Required depth of the irrigation applicationnsad

5. Field preparation is done by hand or animatiwac

BASINS CAN BE LARGE IF THE:

1. Slope of the land is gentle or flat

2. Soil is clay

3. Stream size to the basin is large

4. Required depth of the irrigation applicationasge

5. Field preparation is mechanized.
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&
Border strip irrigation uses land formed into stripevel across the
narrow dimension but sloping along the long dimensand bounded by

ridges or borders.

Water is turned into the upper end of the bordep,sand advances
down the strip. After a time, the water is turndfj and a recession front,

where standing water has soaked into the soil, sxdegn the strip.

High irrigation efficiencies are possible with timeethod of irrigation,
but are rarely obtained in practice, due to thé&adilty of balancing the

advance and recession phases of water application.

Border strip irrigation is one of the most complezabf all irrigation

methods.

The primary design factors are border length an@esl stream size
per unit width of border, planned soil moistureidehcy at the time of
irrigation, soil intake rate, and degree of flowardance by the crop as the

water flow down the strip.

However, because of the large variations in fieldditions that occur
during the season, the irrigator can have as greagffect on irrigation
efficiency as the system designer. Borders canpo® 800 m or more in

length and 3-30 m wide depending on a variety cioia.

Border slopes should be uniform, with a minimum slgp 0.05% to
provide adequate drainage and a maximum slope ofo2Bmnit problems

of soil erosion.

37



Introduction to Irrigation Principles Dr. EZZAT HN

Deep homogenous loam or clay soils with mediumtration rates
are preferred. Heavy, clay soils can be difficatitrigate with border
irrigation because of the time needed to infiltrat#ficient water into the

soil.

Fig.4.2a (Layout of Border Strip Irrigation)

Fig.4.2b (Border Strip Irrigation)
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57 "

Furrows are sloping channels formed in the soilittation occurs
laterally and vertically through the wetted perieretf the furrow. Systems
may be designed with a variety of shapes and sgaci®ptimal furrow

lengths are primarily controlled by intake rated atream size.

The intake rates in furrows may be quite variablesn when soils are

uniform, due to cultural practices.

The intake rate of a new furrow will be greatentl@afurrow that has
been irrigated, and wheel row furrows can havettyreaduced infiltration
rates due to compaction. Because of the many designmanagement
controllable parameters, furrow irrigation systeras be utilized in many

situations, within the limits of soil uniformity drtopography.

With runoff, return flow systems, furrow irrigatiocan be a uniform
and efficient method of applying water. Howevere thniformity and
efficiency are highly dependent on proper managénsermismanagement

can severely degrade system performance.

Fig.4.3a (Layout of Furrow Irrigation)
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Fig.4.3b (Furrow Irrigation)

Wetting patterns:

Water is supplied to each furrow from the field @lamising siphons or
spiels.

In order to obtain a uniformly wetted root zonetréws should be
properly spaced, have a uniform slope and theaiting water should be

applied rapidly.

As the root zone in the ridge must be wetted frown furrows, the
downward movement of water in the soil is less ingrat than the lateral
(or sideways) water movement. Both lateral and doavdwnovement of

water depends on soil type as can be seen in FRyCA
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Different wetting patterns in furrows, depending onthe soil type

A-SAND

B- LOAM

B- CLAY
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In an ideal situation adjacent wetting patternsriapeeach other, and
there is an upward movement of water (capillarg)rihat wets the entire

ridge (see Fig.4.4), thus supplying the root zoith water.

Fig.4.4@al wetting patterns

To obtain a uniform water distribution along therfw length, it is
very important to have a uniform slope and a laageugh stream size so

that water advances rapidly down the furrow.

In this way, large percolation losses at the hdatthe furrow can be
avoided. The quarter time rule is used to deterrtineetime required for
water to travel from the farm channel to the endhef furrow, in order to

minimize percolation losses.

Poor wetting patterns can be caused by:

- Unfavorable natural conditions, e.g. a compatgdr, different soil

types, uneven slope:
- Poor layout, e.g. a furrow spacing too wide;

- Poor management: supplying a stream size thioidarge or too

small, stopping the Inflow too soon.
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I. Unfavorable natural conditions

Compacted soil layers or different soil types hdwe $ame effect on

furrow irrigation as they have on basin irrigation.

An uneven slope can result in uneven wetting atbegiurrow. Water

flows fast down the steep slopes and slowly doweldtter slopes.

This affects the time available for infiltrationdarnesults in poor water

distribution.

The problem can be overcome by regarding the land tiniform

slope.

ii. Poor layout

If the furrow spacing is too wide, (Figp¥then the root zone
will not be adequately wetted. The spacing of fusoneeds careful

selection to ensure adequate wetting of the erdotzone (Fig.4.5).

Fig.4.5 (The spacing between two adjacent furrowgoo widg
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lii. Poor management

A stream size that is too small (Fig.4.6) will riesin inadequate
wetting of the ridges. Even if the plants are ledaat the sides of the ridge,

not enough water will be available.

A small stream size will also result in poor watkstribution along
the length of the furrow. The advance will be skanwd too much water will

be lost through deep percolation at the head ofuitiew.

Fig.4.6 (Stream size is too small to wet the rijige

If the stream size is too large on flat slopes,rimoing of the ridge
may occur (Fig.4.7). On steeper slopes with togdar stream size, erosion
of the bed and sides of the furrow may take pl&ug4.7).

Fig.4.7 (Stream size too large causing overtopporgerosion
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A common management fault is to stop the inflow soon. This is
usually done to reduce runoff, but it results ipo@r water distribution and

the plants in particular at the end of the furrawndt get enough water.

If the Inflow of irrigation water is not stoppeda enough, the
runoff is excessive and plants at the end of tinefu may drown when an

adequate drainage system to evacuate excess watsrprovided.

, 13 4& 30 &
Some form of surface irrigation is adaptable to thas/ crop. Basin
and border strip irrigation have been successfiglgd on a wide variety of

crops.

Furrow irrigation is less well adapted to field psoif cultural
practices require travel across the furrows. Basim dorder strip
irrigations flood the soil surface, and will caus®me soils to form a crust,

which may inhibit the sprouting of seeds.

& )%

Surface irrigation systems perform better whenssaite uniform,
since the soil controls the intake of water. Fosibarrigation, basin size
should be appropriate for soil texture and infilba rate. Basin lengths
should be limited to 110 meter on very coarse text$soils, but may reach

440 meter on other soils.

Furrow irrigation is possible with all types of lpibut extremely high

or low intake rate soils require excessive labocagital cost adjustments
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that are seldom economical. Uniform, mild slopes best adapted to
surface irrigation.

Undulating topography and shallow soils do not oesp well to
grading to a plane. Steep slopes and irregulargi@pdy increase the cost

of land leveling and reduce basin or border size.

Deep cuts may expose areas of nonproductive sedsjring special
fertility management. Erosion control measures rnayrequired if large
stream sizes are used. In areas of high interaityall and low intake rate
soils, surface drainage should be considered vefiinarrigation, to reduce

damage due to untimely inundation.

# 9 % 9 %

It is important that irrigation stream size be mdp matched to basin
or border size for uniform irrigation. Since intakates for border and
furrow systems may vary during the season, it leljfithe water supply
rate can be varied from one irrigation to the ndarder and furrow
systems are not suitable for leaching of saltslr reclamation, since the

water cannot be held on the soil for any lengttiré.

The basin method, however, is ideal for this pugpdsnder normal
operating conditions, leaching fractions adequatesélinity control can be

maintained with basin, border or furrow irrigation.

3! 44:, &4 &
Basin irrigation involves the least labor of the faoe methods,

particularly if the system is automated. Border &mdow systems may
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also be automated to some degree to reduce lalpirements. The
complicated "art" of border irrigation (and to asder extent furrow

irrigation) requires skilled irrigators to obtairgh efficiencies.

The labor skill needed for setting border or furrélaws can be
decreased with higher cost equipment. The settingighons or slide
openings to obtain the desired flow rate is a neguskill, but one that can

be learned.

With surface irrigation, little or no energy is teed to distribute the
water throughout the field, but some energy magxiended in bringing

the water to the field, especially when water impad from groundwater.

In some instances, these energy costs can be stibistparticularly
with low water use efficiencies. Some labor andrgyevill be necessary

for land grading and preparation.

4, 0,7, &
A major cost in surface irrigation is that of lagthding or leveling.
The cost is directly related to the volume of edidt must be moved, the

area to be finished, and the length and size af faanals.

Typical earth moving volumes are approximately 480ic yards per
acre, but have on occasion exceeded 1300 cubic ymdacre. Volumes
greater than 800 cubic yards per acre are generailgidered excessive,

suggesting a design review may be needed..
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In the sprinkler method of irrigation, water is &ped into the air and
allowed to fall on the ground surface somewhatmédimg rainfall. The
spray is developed by the flow of water under presshrough small

orifices or nozzles

sprinkler irrigation system

1-Elimination of the channels for conveyance, tfaee no
conveyance loss.

2- Suitable to all types of soil except heavy clay.

3- Suitable for irrigating crops where the planpplation per unit
area is very high.

4- Water saving.
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5- May also be used for undulating area.

6- Areas located at a higher elevation than thecgocan be irrigated.
7- Possibility of using soluble fertilizers and afieals.

8- Mobility of system.

9- Increase in yield.

10- Influences greater conducive microclimate.

, 1 %
The trials conducted in different parts of the doymevealed water
saving due to sprinkler system varies from 16 t&@@ver the traditional

method with yield increase from 3 to 57 % in diéfet crops. (Table 5.1)

Crops | Water Saving% Yield Increase%
Barley| 56 16
Cotton| 36 50
Garlic | 28 6
Potato| 46 4
Wheat| 35 24
% 1 %

Sprinkler systems are classified into the followitwgp major types

based on the arrangement for spraying irrigatiotewa

1. Rotating head or revolving sprinkler system.
2. Perforated pipe system.
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)

Small size nozzles are placed on riser pipes fataghiform intervals

along the length of the lateral pipe and the latei@es are usually laid on
the ground surface

Fig .5.1 (rotating type sprinkler irrigation systes)

/. %

This method consists of drilled holes or nozzlesngl their length
through which water is sprayed under pressure. $hgiem is usually
designed for relatively low pressure (1 kg/cm2)e Hpplication rate ranges
from 1.25 to 5 cm per hour for various pressure spating. Based on the

portability, sprinkler systems are classified ittie following types.
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A portable system has portable main lines, laterats Pumping plant

Fig .5.2(Fully portable sprinkler irrigation systepn

(i) Semi portable system:
A semi portable system is similar to a portableteaysexcept that the
location of water source and pumping plant is fixed
(i) Semi permanent system:
A semi permanent system has portable lateral lipesnanent main

lines and sub mains and a stationery water sounggamping plant.

(iv) Solid set system:
A solid set system has enough laterals to elimitfze& movement.
The laterals are positions in the field early ie grop season and remain

for the season.
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A fully permanent system consists of permanentlg laains, sub

mains and laterals and a stationery water sourdg@amping plant.

: 1 %

The components of portable sprinkler system usuatiypsist of the
following parts.

() A pump unit

(ii) Tubings- main/submains and laterals

(iii) Couplers

(iv) Sprinkler head

(v) Other accessories such as valves, bends, phajssers.

(i) Pumping Unit:

Sprinkler irrigation systems distribute water lprag/ing it over the
fields. The water is pumped under pressure to idlest A high speed
centrifugal or turbine pump can be used for opegasiprinkler irrigation

for individual fields.

(i) Tubings:

Mains/submains and laterals: The tubing's consistmainline,
submanins and laterals. Main line conveys watemfiihe source and
distributes it to the submains. The submains corwater to the laterals,

which in turn supply water to the sprinklers.
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(i) Couplers:
Couplers are used for connecting two pipes and upicm quickly

and easily.

(iv) Sprinkler Head:

Sprinkler head distribute water uniformly over fredd without runoff
or excessive loss due to deep percolation. Diftetygres of sprinklers are
available. They are either rotating or fixed typée rotating type can be
adapted for a wide range of application rates apaciag. They are
effective with pressure of about 10 to 70 m heathatsprinkler. Pressures
ranging from 16 to 40 m head are considered the prastical for most

farmers

Fig5.3 (Sprinkler head)
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1- Main should be laid up and down hill
* Lateral should be laid across the slope or nearlthe contour
» For multiple lateral operations, lateral pipeesizhould not be more than
two diameters.
» Water supply source should be nearest to theecehthe area
2- Layout should facilitate and minimize lateral wvament during the
season
» Booster pump should be considered where smallgpodf field would
require high pressure at the pump
» Layout should be modified to apply different sand amounts of water

where soils are greatly different in the desigraare

Fig.5.4 (Layout of sprinkld@rigation system Selecting
the most appriape sprinkler systenjs
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While selecting a sprinkler system, the most imgatrt physical

parameters to be considered are:

1. The crop or crops to be cultivated.
2. The shape and size (acres) of the field.
3. The topography of the field.
4. The amount of time and labor required to opdisesystem
Selecting sprinkler system capacity

A sprinkler system must be designed to apply waiéiormly without
runoff or erosion. The application rate of the skler system must be
matched to the infiltration rate of the most resivie soil in the field. If the
application rate exceeds the soil intake rate whter will runoff the field

or relocate within the field resulting in over amader watered areas.

The sprinkler system capacity is the flow rate meetb adequately
irrigate an area and is expressed in liters peutaiper acre. The system
capacity depends upon on the: Peak crop waterresgents during the
growing season; effective crop rooting depth; text@and infiltration rate of
the soil; the available water holding capacity leé soil; pumping capacity

of the well or wells (if wells are the water soytce

: 1

(i) Uneven water distribution due to high winds.

(i) Evaporation loss when operating under highgenatures.
(ii)) Highly impermeable soils are not suitable.

(iv) Initial cost is high.

(v) Proper design.

(vi) Lack of Package of practices
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(vii) Lack of awareness
(viii) Lack of social concern to save natural resas.
(ix) High water pressure required in sprinkler 6&y/cm2).

(x) Difficulty in irrigation during wind in sprinier.

General principles regarding the maintenance optpes and fittings

and sprinkler heads are given below:

2
The pipes and fittings require virtually no mairdane but attention

must be given to the following procedures:

a) Occasionally clean any dirt or sand out ofgreove in the coupler in
which the rubber-sealing ring fits.

b) Keep all details tight.

c) Do not lay fertilizer sacks on the pipe.
2& 1 )

The sprinkler heads should be given the followitigrdion:

a) When moving the sprinkler lines, make sure thatsprinklers are not
damaged or pushed into the soll
b) Do not apply oil, grease or any lubricant to shenklers.
They are water lubricated and using oil, grearsany other lubricant
may stop them from working.
c) After several season's operation the swing apmng may need
tightening.

This is done by pulling out the spring end at thye and rebinding it.

This will increase the spring tension
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The following points are to be observed while stgrihe sprinkler

equipment during the off-season:

a) Remove the sprinklers and store in a cool, dagel

b) Remove the rubber sealing rings from the coumadsfittings and
store them in a cool, dark place.

c) The pipes can be stored outdoors in which chsg should be
placed in racks with one end higher than the otlaer Do not store pipes
along with fertilizer.

d) Disconnect the suction and delivery pipe-workirthe pump and
pour in a small quantity of medium grade oil. Retéte pump for a few
minutes. Blank the suction and delivery branchess Will prevent the

pump from rusting. Grease the shatt.

e) Protect the electric motor from the ingress wétddampness and

rodents
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Drip irrigation systems are those that apply watgulant material at a

slow application rate

' %
Drip irrigation, sometimes referred to as micragation or trickle

irrigation, has its roots in agriculture.

In many parts of the world with limited water suppl drip irrigation was
one of the few options available for irrigation.

Beginning in the late 1960's farmers discovered thatusing drip
irrigation they could increase yields while loweyiwater use.

Drip irrigation system is moreover one of the gesatchannel of
rainwater harvesting. It works through a very dféms process. It allows
water to drip bit by bit through the roots of thiangs with the help of

instruments such as valve, pipes and emitters.

The recent method of drip irrigation work devicagls as impact
sprinklers, which help to decrease the wastage atemnv Featuring in
conventional irrigation, a lot of water is wasted, the field is flooded with

water
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Drip irrigation system.

# >
Drip irrigation is most suitable for row crops (wtgbles, soft fruit),
tree and vine crops where one or more emittersbeaprovided for each

plant and is adaptable to any farmable slope

Drip irrigation is suitable for most soils. On clagils, water must be
applied slowly to avoid surface water ponding amadoff. On sandy soils,
higher emitter discharge rates will be needed tsuen adequate lateral

wetting of the soil
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A typical drip irrigation system is shown in (Figl® and consists of

the following components:

-Pump unit

-Control head

-Main and submain lines
-Laterals

-Emitters or drippers

The pump unit takes water from the source and provides the right

pressure for delivery into the pipe system.

The control head consists of valves to control the discharge and

pressure In the entire system. It may also hatexdiko clear the water.

Mainlines, submains and lateralssupply water from the control head
into the fields. They are usually made from PVC olypthylene hose and
should be buried below ground because they easgyadle when exposed

to direct solar radiation. Lateral pipes are uguh-32 mm diameter

Emitters or drippers are devices used to control the digghanf

water from the lateral to the plants
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Fig.6.1 (Drip Irrigation Componeny

Unlike surface and sprinkler irrigation, drip iragon only wets part
of the soil root zone. This may be as, low as 3d%he volume of soil

wetted by the other methods.

The wetting patterns, which develop from drippingter onto the soill,
depend on discharge and soil type. (Figs.6.2 aBpghows the effect of

changes in discharge on two different soil typesnely sand and clay
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Fig.6.2 (Wetting patterns for sand and clay soilghvhigh and low discharge rates
(SAND)

Fig.6.3 (Wetting patterns for sand and clay soilsthvhigh and low discharge rates
(CLAY)

62



Introduction to Irrigation Principles Dr. EZZAT HN

Although only part of the root zone is wetted,sitstill important to
meet the full water needs of the crop. It is somes thought that drip
irrigation saves water by reducing the amount usethe crop. This is not
true. Crop water use is not changed by the methaglying water. Crops

just require the right amount for good growth.

The water savings that can be made using dripatiog are the
reductions in deep percolation, in surface runof & evaporation from
the soil. These savings, it must be rememberedrdkas much on the user

of the equipment as on the equipment itself.

Drip irrigation is not a substitute for other provemethods of
irrigation. It is just another way of applying waté is best suited to areas
where water quality is marginal, land is steepbpsig or undulating and
of poor quality, where water or labour are expemstr where high value

crops require frequent water applications.

! &%
Water Efficiency:
By applying water only, where and when it is needdth less runoff
and less evaporation from leaves and soil, theotmifapplication of water

from drip irrigation systems can achieve high watgrings.

Ease of Installation:
The system can be installed without special toolgloe, and with

limited knowledge, making the installation a verygle process.
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Reduced Pest Problems and Weed Growth:
Watering only the roots of your plants with dripigation cuts down
on water-borne pests and fungal diseases thatdspreavater movement,

as well as the germination of weeds in the areadsst your plants.

Versatility:
Low volume irrigation systems are designed for @haent in both
new and existing landscape areas, and are ideaidtallation on difficult

terrain such as on slopes, in oddly shaped aradsyrawindy sites.

Root Zone:

One benefit of a drip irrigation system is the tieaof a very new
and more favorable root zone environment becausieeainaintenance of a
relatively constant soil moisture level. This hagportant implications for

plant water requirements, tolerance and contrdisgase.

Economy:
Investing in a low volume irrigation system canegou money and

significantly lower your water use.

No serious introduction to drip irrigation would bemplete without a

look at the disadvantages associated with its use:

The drip tubing can be susceptible to damage frodemts, and

household pets.
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A filter is required to guard against potentialgdgong of the small
water passages of the drip emitters and micro lserns

You cannot see a drip system working as you carassgventional
sprinkler system.

Each drip emitter creates a wetted area around @éafit, so
watering is more critical in replacing the wateediy the plant to
avoid stress.

0 4 47'4&&40734&
Both screen and sand media filters in a drip irrayasystem should

be checked during or after each operating periadcéeaned if necessary.

A clogged screen or grooved-disk filter can be méshwith a stiff

bristle brush or by soaking in water.

A sand media filter should be back flushed whersguee gauges
located at the inlet and outlet sides indicate siSdifference. Check drip
irrigation lines for excessive leaking and look farge wet patches in the

planting area that indicate a leaking tube or defe@mitter.

It is also a good practice to flush submains atetdds periodically to

remove sediments that could clog emitters.

Systems can be designed with automatic badhihg devices and

automatic end-line flushing devices, but they séitiuire manual checks.
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To choose an irrigation method, the farmer muswkttee advantages
and disadvantages of the various methods. He omsist know which
method suits the local conditions best. Unfaatety, in many cases there
IS no single best solution: all methods have thaidvantages and

disadvantages.

This paper gives some very broad guidance and ateBcseveral

important criteria in the selection of a suitalstggation method.

& @& 1
The suitability of the various irrigation methods, surface, sprinkler

or drip irrigation depends mainly on the followifagtors:

- Natural conditions

- type of crop

- type of technology

- previous experience with irrigation
- required labor inputs

- costs and benefits.

The natural conditionsuch assoil type slope climate, water quality and

availability, have the following impact on the choice of angation

method
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Sandy soils have a low water storage capacity ahgla infiltration
rate. They therefore need frequent but small itiega applications, in
particular when the sandy solil is also shallow. émithese circumstances,

sprinkler or drip irrigation are more suitable treanface irrigation.

On loam or clay soils, all three irrigation methadn be used, but
surface irrigation is more commonly found. Clay sailith low infiltration

rates are ideally suited to surface irrigation.

When a variety of different soil types is found it one irrigation
scheme, sprinkler or drip irrigation are recommehds they will ensure a

more even water distribution

Sprinkler or drip irrigation are preferred aboveface irrigation on
steeper or unevenly sloping lands as they reqitite oér no land leveling.

An exception is rice grown on terraces on slopargls

Strong wind can disturb the spraying of water frgpninklers. Under

very windy conditions, drip or surface irrigatiorethods are preferred.

In areas of supplementary irrigation, sprinklerdap irrigation may
be more suitable than surface irrigation becauséheir flexibility and

adaptability to varying irrigation demands on thent.
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Water application efficiency is generally highertlwisprinkler and
drip irrigation than surface irrigation and so thesethods are preferred

when water is in short supply.

However, it must be remembered that efficiencyuist jas much a

function of the irrigator as the method used.

# $ %
If the irrigation water contains dissolved saltsjpdirrigation is
particularly suitable, as less water is appliedh® soil than with surface

methods.

Sprinkler systems are more efficient that surfaggation methods in
leaching out salts
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