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Preface

The manual providing the reader with addiibinformation on the
various types of field Intakes, the measuring &f discharge of a siphon

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

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

are discussed.

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

conduct.

Thus, taken together, they do not presentomplete course in
themselves, but | hope it helpful to use those Eape 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.

E.FINDI
Julay, 2012, Duhok
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IRRIGATION-1

General introduction
An adequate water supply is important for plantwwgho When rainfall

is not sufficient, the plants must receive adddilomnater from irrigation.

Various methods can be used to supply irrigatiotewto the plants.

Importance of irrigation

Definition:
Irrigation means the action of applying water todan order to supply

crops and other plants with necessary water.

Objectives of irrigation
* 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

Purpose of irrigation

Irrigation is the process of supplying water, indiddn 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 ogation is to improve

production and the effectiveness of other inputs.
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Importance of Irrigation:
* In the next 35-45- years, world food productionl wited 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

irrigated land.

Benefits of Irrigation:
1. Increase in Crop Yield

N

Protection from famine
Cultivation of superior crops
Elimination of mixed cropping

Economic development

3.
4,
5.
6.

7. Domestic and industrial water supply

Hydro power generation
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Irrigation water
Water use for irrigation

Agriculture is by far the largest water use at gldlevel. Irrigation of
agricultural lands accounted for 70% of the wateedu worldwide. In
several developing countries, irrigation represemso 95% of all water

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

Future agricultural development strategies of naisthese countries
depend on the possibility to maintain, improve agxpand irrigated

agriculture

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

threat to the environment.

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

accounts for 70-90% of water use in may of theg®onrs.

Water resources for irrigation:
Water used for agriculture comes from natural dreotalternative

sources.

Natural sources include rainwater and surface water (lakes anersiv

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 normaljuires the construction

of dams and reservoirs with a significant environtakimpact

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 emviemt. This will depend
on the recycled water application, soil charactess climate conditions

and agronomic practices.

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

the management of recycled water.

Irrigation water quality:

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

sensitive to the type of exchangeable ions praearnigation 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 Adsor ption Ration or SAR)
- Carbonate and bicarbonates in relation with the Ca & Mg content
- Other trace elements
- Toxic anions

- Nutrients

- Freechlorine
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Salinity Hazard
Salt content in irrigation water

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 esgdnble in arid areas
affected by high evaporation rates and cause hagitentrations of salt

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

In general, water reuse for irrigation purposes tmheve 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 areasevthe infiltration
of seawater poses a high risk of salinity in theewéhat 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

OcCcurs.

Water with_high salindECi>1.5) and sodiunfSAR>6) should not be
used for water irrigation. Nevertheless, in sonsee$ with water shortage,
water with high salinity concentration is used asuaplement for other
sources and therefore a good management, contsbkential, 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 appliexkaass to provide
considerable leaching and salt-tolerance crops Idhdae selected.
Real hazard! A percentage of 21% of total irrigdted! is estimated to be
damaged by salt.

SAR hazard of irrigation
Sodium hazard of irrigation water
High sodiumions in water affects the permeability of soil aralises

infiltration problems.

This is because sodium when present in the sakahangeable 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 & daarstructure).

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

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

other heavier soils when it is irrigated with higAR water.

Sodium & crops

High sodium concentrations become a problem whenirthltration
rate is reduced to such a rate that the crop doe$ave 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 ostineace soil, high pH and
the increased potential for diseases, weeds, 3ian, lack of oxygeand

inadequate nutrient availability.

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

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

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

Tolerant 46-102 Wheat, barley, tomatoes, beets,

wheat grass, crested grass
Source: Extracted from the Australian Water Quality Guidelines for Fresh & Marine
Waters (ANZECC)
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What is SAR?

The index used is the Sodium Adsorption Ratio (SAR) expresses
the relative activity of sodium ions in the exchamgactions with the soil.
This ration measures the relative concentratiosaofium to calcium and

Magnesium.

SAR is defined by the following equation:

SAR=N

Jca+mg/2
SAR: Sodium Adsorption Ratio (ion concentrations egnh.)
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 tc3.0 -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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Carbonates & bicarbonates hazard of irrigation water

Bicarbonate hazard of irrigation water: High carkenéCQ™) 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@umnagnesium

will precipitate as calcium carbonate (Caff@r magnesium carbonate

(MgCOs) when the soil solution concentrates in dryingdibons.

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

a sign of a high content of carbonate and bicarasnans.

Residual Sodium Carbonate (RSC)
The RSC has the following equation:

RSC= (CQ+HCOy)-(C&™+Mg™?)

It is another alternative measure of the sodiumeaann relation with Mg
and Ca. This value may appear in some water qualggrts 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 fagation.

Bicarbonate (HCghazard of irrigation water (meq/1.)
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 hazards of irrigation water

Trace eements:

Some elements in irrigation water may be directiyid to crops.
Establishing toxicity limits in water is complicadt®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 maynreediately toxic
to a crop because of foliar effects if sprinkleigation 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 immobtize the soil and never

reach toxic levels.

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

accumulation of toxic levels for sensitive crops.

10
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Irrigation system and pumping station-2

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

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

/ conveyance l-__-_
! system |
/
)
pumaing <2
station w g‘ i
-~

Fig.2.1 (irrigation system 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 fvate the main
intake structure or main pumping station up tofiblel ditches.
The distribution system assures the transport demtarough field

ditches to the irrigated fields.

The field application system assures the transplowater within the

fields.

11



Introduction to Irrigation Principles Dr. EZZAT HIN

Main intake structure and pumping station.
The intake structure is built at the entry to thrgation system (see
Fig.2. 2) Its purpose is to direct water from thegimal source of supply

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

Fig.2.2 (main intake structure).

Pumping station

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

S I ‘
— Sl N | i

.A’\\

s

Fig.2.3 (pumping station).

12
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/F—~ discharge pipe
lectri t
flexible /e ectric motor

connection

%l.ﬂ%ion \

U N, &

i } T =5 %'Tbase

(Diagram of a centrifugal pump

Pumping Lifts:
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 surfaca wond, 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 statedhs 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, ahérdfactors

-Static Suction head: Distance between the surfaces of waté3ource)

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)

Conveyance and distribution system:
The conveyance and distribution systems consisiaogls transporting
the water through the whole irrigation system. Cairaictures are required

for the control and measurement of the water flow.

Open canals

An open canal, channel, or ditch, is an open watgmwhose purpose is
to carry water from one place to another. Channedscanals refer to main
waterways supplying water to one or more farmsldFaitches have
smaller dimensions and convey water from the famira@ce to the

irrigated fields

14
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Canal characteristics:

According to the shape of their cross-section, lsarmae called
rectangular (a), triangular (b), trapezoidal (dgycwar (d), parabolic (e),
and irregular or natural (f) (see Fig.3. 5

Fig2.5 (Type of cross-sectional for open canal)

The most commonly used canal cross-section in ating and

drainage is the trapezoidal cross-section.

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

canal bank. a

water level ) [

1 |

w —¥ b

a = top width of the canal

a1 = top width of the water level

|
|
|
|
|
|
AT T
|
|
|
|
|
'
'
|
|
|
|
|
I
I
|
|
|
I
K
I~

h = height of the canal
h1 = heigth or depth of the water in the canal
b = bottam width of the canal

h:w = side slope of the canal
f = free board {= h—-h1)

Fig.2.6 (typical cross-section of a trapezoidal canal)

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

waves or unexpected rises in the water level.

The side slope of the canal is expressed as raiogely the vertical

distance or height to the horizontal distance althvi

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

wW=3m

I

lg

1.5:3 = 1:2 (one to two)

il

side sloper hiw

Fig.2.7 (side slope of canal)

The bottom slope of the canal does not appear emithwing of the
cross-section but on the longitudinal section (Sige2.8). It is commonly

expressed in percent or per mil.

Fig.2.8 (bottom slope of the canal)

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) = height difference(metres) 00 1M 40015
horizontaldistance (metres) 100m

or

the bottom slope () = 19Nt difference(metres) 400 1M 40002 10%
horizontal distance (metres) 100m

Earthen Canals
Earthen canals are simply dug in the ground and&mk is made up
from the removed earth, the disadvantages of eaxheals are the risk of

the side slopes collapsing and the water lossasedpage.

They also require continuous maintenance, in otderontrol weed

growth and to repair damage done by livestock addmts.

Lined Canals.
Earthen canals can be lined with impermeable nasetd prevent

excessive seepage and growth of weeds.

17
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Construction of a canal lined with bricks

Lining canals is also an effective way to contrahal bottom and
bank erosion. The materials mostly used for canald are concrete, brick
or rock masonry and asphalt concrete (a mixturesasfid, 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)

Canal structures
The flow of irrigation water in the canals must al@ be under

control. For this purpose, canal structures araired.

They help regulate the flow and deliver the coreenbunt of water to

the different branches of the system and onwathearrigated fields.

18
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There are four main types of structures: erosiontrob 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 frowva ground (see
Fig.2.10a). A small ball is placed at the edgeheflifted side of the sheet.

It starts rolling downward, following the slope efition.

The sheet edge is now lifted 5 cm frora ground (see Fig.
2.10b), 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 velocithefdall.

Fig.2.10 (therelationship between slope and velocity)

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. Soll
particles along the bottom and banks of an eartaral 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 banlghtreventually

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 etewa(see Fig.2.11).

Drop structures take the water abruptly from a éigsection of the

canal to a lower one.

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

in the elevation of the canal

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

Distribution control structures are required fosyand accurate water

distribution within the irrigation system and ore tfarm.

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 andeflows out
through openings on the other sides. These oper@ang®quipped with

gates (see Fig. 2.12

Fig2.12 (A division box with three gates)

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 stregiiFig. 2.13).

Fig. 2.13 (A pipe turnout)

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 lidemporarily
and to raise the upstream water level. Checks egmebmanent structures
(Fig. 2.14a) or portable (Fig. 2.14Db).

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

22
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ii. 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), metabucrete,

which often need to be supported by, pillars (Big5a).

Fig.2.15a (A concrete flume)

23
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b. Culverts

Culverts are used to carry the water across roads. 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 whiahtise same level
as or below the canal bottom, an inverted siphomsed instead of a
culvert. The structure consists of an inlet andedtwonnected by a pipeline
(Fig. 2.15c). Inverted siphons are also used toycaster across wide

depressions.

Fig.2.15c (An inverted siphon)

24
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Irrigation Water measurement structures-3

The principal objective of measuring irrigation terais to permit
efficient distribution and application. By measuritige flow of water, a

farmer knows how much water is applied during aaafation.

In irrigation schemes where water costs are chatgetthe farmer,

water measurement provides a basis for estimatatgrveharges.

The most commonly used water measuring structur@svairs 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 compufesin standard
formulas or obtained from standard tables prepaspecially for the

structure

a. Weirs

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 rectangulapetzoidal or

triangular.

25
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Fig.3.1c (A TRAPEZOI DAL WEIR)

26
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b. Parshall flumes
The Parshall flume consists of a metal or concecbtnnel structure

with three main sections: (1) a converging secabrthe upstream end,
leading to (2) a constricted or throat section €é)da diverging section at

the downstream end (Fig. 3.2).

Fig. 3.2 (A Parshall flume)

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

both scales simultaneously.

27
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c. Cut-throat flume

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

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

preferred to the Parshall flume.

A A TMM

>l<

A%
i

A,

Fig. 3.3 (A cut-throat flume)

Methods of measuring irrigation water
1-Direct Measurement Methods
Measuring the period of time required to fill a tmner 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 Mae adequate. Small
wells can be measured by using a 55 gallon basrtHexcontainer.

1 Siphon Tube

Fig.3.4 (Siphon Measurement)

28
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2- Velocity-Area Methods
a- flow meters:. Commercial flow meters are available for measuring

the total volume of water flowing through a pipe.

b-
2 Flow Meter

Fig. 3.5 (Flow meter)

The Float Method of
Estimating Flow

Start float well upstream
from timing zone

Multiply average depth N
times stream width to
determine cross-sectional area

Downstream

/

Time float over
distance of about
10 feet

Take incremental -
depth measurements to
determine average depth
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b-Float method:

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

accuracy is not required.

Select a straight section of ditch from 50 to 18&fong with uniform
cross-sections. Make several measurements of tthén \and 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 ebthe 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 timesrive at a
reliable average value. By dividing the length af tlst section (feet) by
the average time required (seconds), one can dstivedocity in feet per

second.

Since the velocity of water at the surface is gre#ttan the average
velocity of the stream, multiply the estimated auod velocity by a
correction factor (0.80 for smooth lined ditchasd &.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.
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c-The trajectory method:
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 requoealculate 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 tola 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 noini@e diameter.

The following table contains water discharge facidrere “Y” is

measured from the outside of the pipe as indicatéoe sketch above.

A —
Ry — ——r— T

T —
1

—_—— ]
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Nominal Factor When Factor When
Pipe Diameter 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. Thizontal 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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Irrigation Methods-4

In general, there are many methods of applying watethe 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 anter of factors of
the environment, which will have a bearing on tkialeation of irrigation

system alternates and the selection of a partisyistem.

A. Physical Considerations
1. Crops & Cultural Practices

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

c. Salinity & Internal Drainage

B. Topography - Slope & Irregularity
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C. Water Supply (Quantity and quality of Available water)

D. Climate

1. Flood Hazard

2. Water Table

E. Economic Considerations

a.Labour Costs & Inflation

b. Energy, Operation & Maintenance

1-Surface irrigation:
Surface irrigation uses gravity flow to spread wabteer a field.
Surface systems are the least expensive to insuadl,have high labor

requirements for operation compared to other itlogamethods.

Objectives:

1. Uniformity associated with surface irrigation.

2. Increase understanding of irrigation efficiencipsses, and
distribution and application of best managementctmas to improve

efficiency and uniformity of surface irrigation.

Application Rates

The correct amount of water to apply at each itiogadepends on the
amount of soil water used by the plants betwedagaiions, the water-
holding capacity of the soil, and the depth of tnep 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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1-Basin Irrigation

In basin irrigation, water is applied to a complgtevel (sometimes
called "dead-level") area enclosed by dikes or &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, mi#ipg on crop and

cultural practices.

Basins need not be rectangular or straight sidwdl flze 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; dadel-basin irrigation.

Basin size is limited by available water stream ,siapography, soil
factors, and degree of leveling required. Basin fnayquite 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 tMW&adequate 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) aaailable. 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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Figd.1 (Basin Irrigation)

BASINSSHOULD 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 animaliwac

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 applicationasgle
5. Field preparation is mechanized.
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2-Border Strip Irrigation
Border strip irrigation uses land formed into strifessel across the
narrow dimension but sloping along the long dimensiand 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 tmeethod of irrigation,
but are rarely obtained in practice, due to théadilty of balancing the

advance and recession phases of water application.

Border strip irrigation is one of the most complezhf all irrigation

methods.

The primary design factors are border length aogesl stream size
per unit width of border, planned soil moistureiciehcy 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 geatffect on irrigation
efficiency as the system designer. Borders canpb® 800 m or more in
length and 3-30 m wide depending on a variety cifoias.

Border slopes should be uniform, with a minimum slgb 0.05% to
provide adequate drainage and a maximum slope ofc2lit problems

of soil erosion.
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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 infiltratéficient water into the

soll.

intake field channel
slope
l—tevel —>
e
R
‘_ﬂl'lil'\_.—

Fig.4.2a (Layout of Border Strip Irrigation)

Fig.4.2b (Border Strip Irrigation)
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3-Furrow Irrigation

Furrows are sloping channels formed in the sofililttation occurs
laterally and vertically through the wetted perieratf 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 greatemtlaafurrow 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 zonetréwvs should be
properly spaced, have a uniform slope and theaitiog water should be

applied rapidly.

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

water depends on soil type as can be seen in FRCA
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Different wetting patternsin furrows, depending on the soil type

B- CLAY
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Ideal wetting pattern:

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 zorth water.

capillary

Fig.4.4 (1deal wetting patterns)

To obtain a uniform water distribution along theréw 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 hdaithe» furrow can be
avoided. The quarter time rule is used to deterrtiieetime required for
water to travel from the farm channel to the endhef furrow, in order to

minimize percolation losses.

Poor wetting patterns:

Poor wetting patterns can be caused by:

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

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

- Poor management: supplying a stream size thaoidarge or too

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

Compacted soil layers or different soil types hdwe dame effect on

furrow irrigation as they have on basin irrigation.

An uneven slope can result in uneven wetting atbegurrow. Water

flows fast down the steep slopes and slowly doverflditter slopes.

This affects the time available for infiltrationdaresults in poor water

distribution.

The problem can be overcome by regarding the land tniform

slope.

ii. Poor layout

If the furrow spacing is too wide, (FigpXthen 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 furrows is too wide)

43



Introduction to Irrigation Principles Dr. EZZAT HIN

ili. Poor management

A stream size that is too small (Fig.4.6) will riksuin 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 skawd too much water will

be lost through deep percolation at the head oftttew.

stream size
toc small

Fig.4.6 (Stream size istoo small to wet the ridge)

If the stream size is too large on flat slopes,ropping 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&tg4.7).

overtopping
stream size too lgrge

erosion

Fig.4.7 (Stream size too large causing overtopping or erosion)
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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 thetw may drown when an

adequate drainage system to evacuate excess watgrprovided.

CAPABILITIES AND LIMITATIONS
Crop:

Some form of surface irrigation is adaptable to tmars/ crop. Basin
and border strip irrigation have been successfigigd on a wide variety of

crops.

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

which may inhibit the sprouting of seeds.

Soils and Topography:

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

440 meter on other soils.

Furrow irrigation is possible with all types of lspibut extremely high

or low intake rate soils require excessive labocapital 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 oasb well to
grading to a plane. Steep slopes and irregulargi@pby increase the cost

of land leveling and reduce basin or border size.

Deep cuts may expose areas of nonproductive sedsijring special
fertility management. Erosion control measures roayrequired 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.

Water Quantity and Quality:

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 lulibfthe water supply
rate can be varied from one irrigation to the ndérder and furrow
systems are not suitable for leaching of salts@irreclamation, since the

water cannot be held on the soil for any lengttiroé.

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

maintained with basin, border or furrow irrigation.

LABOR AND ENERGY CONSIDERATIONS:
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 obtaiigh efficiencies.

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

be learned.

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

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

In some instances, these energy costs can be sudlstparticularly
with low water use efficiencies. Some labor andrgyevill be necessary
for land grading and preparation.

ECONOMIC FACTORS:
A major cost in surface irrigation is that of lagthding or leveling.
The cost is directly related to the volume of edhidt 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 cubis ymdacre. Volumes
greater than 800 cubic yards per acre are genearailgidered excessive,

suggesting a design review may be needed..
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SPRINKLER IRRIGATION-5

In the sprinkler method of irrigation, water is &ped into the air and
allowed to fall on the ground surface somewhatmddimg rainfall. The
spray is developed by the flow of water under presghrough small

orifices or nozzles

achermatc Layout of Jain Sponkker fmgaton Sysbem
q‘“ﬁ\ﬁ

sprinkler irrigation system

1-Elimination of the channels for conveyance, tf@e no
conveyance loss.

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

3- Suitable for irrigating crops where the planipplation 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.

Crop response to sprinkler system
The trials conducted in different parts of the doyimevealed water
saving due to sprinkler system varies from 16 t&@0ver the traditional

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

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

General classification of different types of sprinkler systems
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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1) Rotating head:
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 systems)

2) Perforated pipe system:

This method consists of drilled holes or nozzlesngl their length
through which water is sprayed under pressure. $hstem 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 itite following types.
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(i) Portable system:

A portable system has portable main lines, latemats Pumping plant

Fig .5.2(Fully portable sprinkler irrigation system)

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

lines and sub mains and a stationery water soun@g@amping plant.
(iv) Solid set system:

A solid set system has enough laterals to elimitfa& movement.
The laterals are positions in the field early ie ttrop season and remain

for the season.
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(v) Permanent system:
A fully permanent system consists of permanentlg laains, sub

mains and laterals and a stationery water sourdgamping plant.

Components of sprinkler irrigation system

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

(i) A pump unit

(i) Tubings- main/submains and laterals

(iif) Couplers

(iv) Sprinkler head

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

(i) Pumping Unit:

Sprinkler irrigation systems distribute water kyrag/ing it over the
fields. The water is pumped under pressure to idldst 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 watemfithe 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 andupicm quickly

and easily.

(iv) Sprinkler Head:

Sprinkler head distribute water uniformly over fredd without runoff
or excessive loss due to deep percolation. Diftegres 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 heatthatsprinkler. Pressures
ranging from 16 to 40 m head are considered the mastical for most

farmers
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Fig5.3 (Sprinkler head)
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General rules for sprinkler system design

1- Main should be laid up and down hill

» Lateral should be laid across the slope or neatrlthe 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 vement during the
season

» Booster pump should be considered where smallgomodf 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

Sprinker Unit
Place head 2" ahove ground
with protective rock

\Laje,ral Pipe = ©2°

™ Mainline Pipc
Pumping Unit

Fig.5.4 (Layout of sprinkler irrigation system Selecting
the most appropriate sprinkler systems)
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Selecting the most appropriate sprinkler systems
While selecting a sprinkler system, the most imguart 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 opdtaesystem
Selecting sprinkler system capacity

A sprinkler system must be designed to apply watéiormly without
runoff or erosion. The application rate of the skier 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 water resgants during the
growing season; effective crop rooting depth; textand infiltration rate of
the solil; the available water holding capacityle# soil; pumping capacity

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

Constraints in application of sprinkler irrigation

(i) Uneven water distribution due to high winds.

(i) Evaporation loss when operating under highgeratures.
(i) 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 reses.
(ix) High water pressure required in sprinkler 6&y/cm2).

(x) Difficulty in irrigation during wind in sprinir.

Maintenance
General principles regarding the maintenance opthes and fittings

and sprinkler heads are given below:

1. Pipes and fittings
The pipes and fittings require virtually no mairdene but attention

must be given to the following procedures:

a) Occasionally clean any dirt or sand out ofglmove 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. Sprinkler heads
The sprinkler heads should be given the followitigrdaion:

a) When moving the sprinkler lines, make sure thatsprinklers are not
damaged or pushed into the soil
b) Do not apply oil, grease or any lubricant to spenklers.
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 tye and rebinding it.

This will increase the spring tension
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Storage:
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 cougadkfittings and
store them in a cool, dark place.

c) The pipes can be stored outdoors in which cheg 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-workrirthe 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 shatft.

e) Protect the electric motor from the ingress astddampness and

rodents
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Drip irrigation system-6

Definition:
Drip irrigation systems are those that apply watgulant material at a

slow application rate

A Brief History of micro irrigation
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 thyatusing 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 devicegls as impact
sprinklers, which help to decrease the wastage atenv Featuring in
conventional irrigation, a lot of water is wasted,the field is flooded with

water
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Dripirrigation WSC.

When to Use Drip Irrigation:
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 amaoiff. On sandy soils,
higher emitter discharge rates will be needed teuen adequate lateral

wetting of the soill
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Drip System Layout:
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 hatexgito clear the water.

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

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

Emitters or drippers are devices used to control the digghanf

water from the lateral to the plants
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Palytube | Latoral S bk il

ARIN

dain Irvipation Sysiere Ll
More Crop Per Drog

Fig.6.1 (Drip Irrigation Component)

Wetting patterns

Unlike surface and sprinkler irrigation, drip iraigon only wets part
of the soil root zone. This may be as, low as 3d%he volume of soll
wetted by the other methods.

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

changes in discharge on two different soil typesnely sand and clay
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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 methagbliying water. Crops

just require the right amount for good growth.

The water savings that can be made using dripattag are the
reductions in deep percolation, in surface runof & evaporation from
the soil. These savings, it must be rememberedgrieps 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 steepbypsig or undulating and
of poor quality, where water or labour are expessor where high value

crops require frequent water applications.

Advantages and Benefits of Drip Irrigation System
«  Water Efficiency:

By applying water only, where and when it is neeawath less runoff
and less evaporation from leaves and soil, theotmifapplication of water

from drip irrigation systems can achieve high waterings.

 Easeof Ingtallation:
The system can be installed without special toolgloe, and with

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

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

 Vesatility:
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 aredsgrawindy sites.

* Root Zone:

One benefit of a drip irrigation system is the ti@aof a very new
and more favorable root zone environment becauieeahaintenance 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.

Disadvantages of Drip Irrigation:
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 frogemts, and

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

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

Each drip emitter creates a wetted area around @é&mfit, so
watering is more critical in replacing the wateediy the plant to

avoid stress.

MAINTENANCE OF THE SYSTEM FILTERS
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 whersguwee gauges
located at the inlet and outlet sides indicatemsicdifference. 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 atketdds periodically to
remove sediments that could clog emitters.

Systems can be designed with automatic baghihg devices and

automatic end-line flushing devices, but they séifjuire manual checks.
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CHOOSING AN IRRIGATION METHOD-7

To choose an irrigation method, the farmer muswkiite advantages
and disadvantages of the various methods. He omsals know which
method suits the local conditions best. Unfaatety, in many cases there
is no single best solution: all methods have thadlvantages and

disadvantages.

This paper gives some very broad guidance and atelcseveral

important criteria in the selection of a suitalslegation method.

Surface, Sprinkler or Drip Irrigation:
The suitability of the various irrigation methodg, 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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Soil type:

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

sprinkler or drip irrigation are more suitable trsamface irrigation.

On loam or clay soils, all three irrigation methatn 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 hifit one irrigation
scheme, sprinkler or drip irrigation are recommehds they will ensure a

more even water distribution

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

An exception is rice grown on terraces on slopargls

Climate:
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 theni.
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Water availability:
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 efficiencyusst jas much a

function of the irrigator as the method used.

Water quality:
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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