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SOIL CH .\RACTERISTICS

2 1 SOIL TEXTURE

1

(Supplemental)

obViOusly
eaSIly

\\ Itlt dlfliculty
ImpOSSIble

larger than 1
I to 0 5

05 to 0 002
less then 0 002

SIze lmuts, rom

Table I SoIl textural claSSIficatIOns

DlstmgUlshable WIth the
naked eye

day

gravel
sand

PartIcle Name

Coarse textured soIls are gntty IndIVIdual partIcles are loose and fall apart m
the hand, even when mOIst, and sands predommate A coarse textured soIl IS
called lIght because It IS easy to work

MedIUm textured SOlIs feels very soft (lIke flour) \\hen dry They can be easIly
pressed when wet and feel sIlky, sIlts predommant

S\stem \lJnagem,nl
\lodule 2 I

MICRO IRRIGATION SYSTnlS

SOIL-\\ ATER SYSTEM

The mmeral partIcles of the soIl dIffer WIdely III SIze and can be classIfied as
shown III Table 1

The amount of sand, SIlt and clay ill the soIl determmes the soIl texture SoIl
texture IS consIdered a permanent feature, the farmer IS unable to easIh modIfy
or change It

SOlI IS composed of partIcles of dIfferent SIzes and matenal and the spaces bet\\een
them, whIch are called pores Most SOlI partIcles ongmate from the degradatIOn of
rocks and are called mmeral partIcles Coarse, medIUm and fine solId partIcles are
known as sand, sIlt, and clay respectIvely, and determme the texture of the sOlI
Some partIcles ongmate from resIdues of plants and ammals and are called orgamc
partIcles Pores m a dry soIl are mamlv filled Vv Ith arr ~fter an lITIgatIon or ramfall
the pores are mamly filled \\ Ith \\ ater

I;\/TRODl CTION

The pnncIpal dIrect effect of lITIgatIOn IS the addnIOn of water to the ::-oI1-\Vater
system The effect on the plant IS brought about by condItIOns eXIstmg In the soIl
water system after an IITIgatlon Some knowledge of sOlis and the sOlI-Vvater system
IS therefore deSIrable m understandmg how lITIgatIOn affects plants
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FIne textured salls stIck to the tingers when \\ et and can fonn a ball when
pressed These salls are called heavy because they are hard to \\-ork clays
predomInant

FIgure 1 IS a textural tnangle for clasSIfyIng SOlIs gnen the percent by \\eIght of
the sand, sIlt, and clay In the soIl

2.01------<

100~oL-_~~_......:::..--:__~'--:__-:__---I'-__:_::-.....l. Slit
1004 90 70 60 50 40 30 0
Sand _ Per Cent Sand

FIgure 1 Texture lnangle for soIl gIVen sand, slIt, and clay percentages

2 2 SOIL STRUCTURE

SoIl structure refers to the groupmg of SOlI particles (sand, SIlt, clay, orgamc
matter and fertIlIzers) Into porous compounds These are called soIl aggregates
SOlI structure also refers to the arrangements of these aggregates separated by
pere: ~:' d ..: ac1..s

The "h"",{' types of ~0,1 agg' e~a+es ., e g":.n....1u., block;, onsmatlc and maSSl\re

structure When present m the top SOil, a maSSIve structure blocks the entrance of
water and seed germInatIOn IS dIfficult due to poor aeratIOn If the top SOIl IS
granular, the water enters eaSIly and seed germInatIOn IS better

UnlIke soIl texture, soIl structure IS not permanent By means of cultIvatIOn
practIces (plowmg dlscmg, nppmg, and mulchmg) the farmer trIes to obtaIn a
granular topSOIl structure for hIS fields

SOIL-WATER

The pnmary effect of lITIgatIOn IS an alteratIOn m the soIl-water condItIOn of the root
zone The extent of thIS alteratIOn depends on the amount of water added, how It IS
added, and the permeabIlIty of the SOlI profile SoIl-water condItIOn IS a major

2
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20
4

04

SOlI T"\ pe

ClJ."\
Fme sand\ loam
Loam
Sand\ loam

Table 2. IlIustrat1\ e total soIl partIcle surface area per kIlogram of soIl

Surface -\rea
(halkgl

When all of the pore space IS filled WIth water, a soIl IS saturated The energy
reqUIrea to remo\ e a umt 01 water trom saturated SOlI IS low, and some water
drams from the SOlI by graVIty Dramage removes water from the largest pores,
where 1t IS 'Wea.k.J v 11r" j -UH1 -t I "-~.-!C'f- IS Cr u ·-nt::a 1TJ j nf-'se ;0 ps The remammg
water IS closer to the soIl partIcles' surfaces and IS held tIghtly enough to prevent
rapId dramage b) graVIty ThIs water condItIOn when measured m the field, IS
called field capaCIty (assumed to occur 24 to 48 hours after thorough wettmg by
lITIgatIOn or ramfall) and mdlcates the upper range of water avaIlable to the
plant, see FIgure 2 At field capaCIty, the water and au contents of the soIl are
conSIdered to be Ideal for crop growth

When \\ ater film::. are thm v.. ater molecules are ven close to the soIl partIcle
surfaces and are held ughth The tIghtness \\ Ith 'WhIch 'Water IS held IS
sometImes e'\pres.::.ed 111 energy umts, \\hICh represent the energy the plant mu~t
use to remove a defimte amount of 'Water from the soIl ThIS energy IS more
commonh e'\pressed m pressure umts of bars or atmospheres, whIch are about
equal numencalh and IS called soIl suctIOn or soIl-mOIsture tensIOn

In the process of\\ater use by plants, first the medmm and eventually the smaller
soIl pores lose 'Water Water films gradually become thmner, and more energy IS

reqUIred to remo\e each addItIOnal quantI!) of \\ater At first the change 111

energy reqUIrement IS slIght and has lIttle effect on the plant Smce plant roots
do not come m contact WIth every partIcle of soIl m the root zone, water must
move through the soIl to reach root surfaces The dIstance traveled may be no

Water IS held 111 the sad pores b. attractIOn bet\\ ccn the water molecules and the
surfaces of the solId particles At a low 'Water content water IS spread as a thm
film over the surfaces of all the SOlI partIcles The thmness of the film IS
dependent upon the amount of \vater present and the total surface area of all the
solId partIcles Fme-te'\tured (clay) soIls have a greater partIcle surface area than
coarse~textured (sandy) SOlIs, so that a gIven amount of water IS spread m thmner
films An IllustratIOn of the total surface area of one kIlogram of varlOus
textured SOlIs IS presented m Table 2

component of the root em Ironment affectmg the gro\\1h and health of roots Other
components at the root en\> IrOnJl1ent affected b\ IITlgatlOn are soIl aeratIon
temperature and sallmty
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SOIL MOISTURE CONTENT
CHANGES WITH PLANTS

GROWING ON SOIL

--------1: ------
PERMANENT WUING D

PERCENTAGE

60 ~ 100
90 ~ 150
140 ~ 200
160 ~ 220
180~ 230
200 ~ 250

4

__________ .1 .....~!Y~!!01l.!Q!~ .9E.S~II: _
I A SOIL MOISTURE CONTENT

SOIL MOISTURE !Z CHANGES WITHOUT PLANTS
SUSJECT TO RAPID ~
DRAINAGE z

o
(EXCESS MOISTURE) (,)

w-----------Q:
SOIL MOISTURE ~
READILY AVAILABLE ~

TO PLANTS AFTER ~
EXCESS WATER HAS
DRAINED OFF

Sand
Sandy loam

Loam
Clay loam
SIlty clay

Clay

SoIl Texture

Table 3 SoIl texture and the normal range of avaIlable water contents

AVaIlable water content
(mm/m)

SOIL MOISTURE CONTENT
TOO LOW FOR NORMAL
FUNCTIONING OF PLANTS

01:-
0
----------->

TIME )

FIgure 2 Decrease In Vvater content as a functIOn of tIme folloVvmg an lITigatlOn

The amount of water stored m the soIl at field capaCIty mmus the water that \\111

remam In the soIl at permanent wIltmg pomt IS the amount of water plants can
actually use, It IS called the aVaIlable water content It depends greatlv on the
soIl texture and structure A range of values for dIfferent types of SOIl IS gIven ill

Table 3 These values are only apprOXImate and should be replaced by field
measured quantIties for Inlganon system deMgl1 and opelation

more than one or tVvo mIllImeters or It may be several centImeters Water mo\~~
more rapIdly In thIck films than In thm films As water films become thInner

the rate of flow decreases and eventually becomes too slow to meet the needs of
the plant The abIlIty of a plant to get water from the soIl changes as the Vva+er
film thIcknesses change

When soIl-water films become so thm that the plant WiltS and remams \'I;Ih:d
ovenught, the soIl-water condItIOn IS at the permanent wlltmg pomt At tJus
pomt, plants do not have enough energy to remove water frl)m the film Plants
Will generally suffer daytIme WIltmg repeatedly before thIS lOnditIOn IS reach~d

Pennanent WIltmg pomt IS normally used to mdicate the lower range of 5011

mOIsture aVaIlable to plants
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Th~ tldd capacIty permanent wIltmg pomt and a\aIlable \\ater content are
called the soIl mOIsture characterIstIcs They are turh constant for a gIven soIl,
but \ an WIdely from one type of soIl to another

3 2 SOIL-" -\TER MEASUREMENT

From th~ precedmg dIscussIOn, It IS apparent that v.ater film thIckness m the
root-zone soIl of a plant IS an Important consIderatIOn Instruments have been
developed to measure SOlI suctIOn, whIch IS dIrectly related to water film
thlc"-n~ss These Instruments use a porous matenal placed m contact wIth the
soli to be measured Water moves untIl the films m the porous matenal of the
Instrument and In the adjacent soIl are of equal thIckness The mdIcatIng portIOn
of the Instrument regIsters the effect produced by the film thIckness

Instruments m common use at present are of two types tensIOmeters and
electncal-resIstance blocks The tenSIOmeter IS a closed \vater-filled tube WIth a
hollo\\ porous ceramIC tlp at one end and a vacuum gauge at the other Water
films In the ceramIC tlp exert a suctIOn on the closed water column WhICh
regIster~ on the vacuum gauge On commercIal ten~IOmeters, the vacuum gauges
read directly m centlbars (cb) of soIl suctIOn or mOIsture tenSIOn TenSIOmeters
operate In the wetter portIOn of the soIl-water spectrum from saturatIOn (zero
suctIon} to a dryness of about 80 cb

Electrical-resIstance blocks, composed of a cast-g\psum porous materIal, are
another means used In lITIgatIOn to measure the ~ol!-water conditIOn They are
Installed In the root zone and exchange v. ater films WIth the soIl The g} p n
dIssoh es slIghtly In the mOIsture films contamed In ItS pores The dlssohed
g'\ psum then acts as a conductor for an electrIC current applIed between t\\O
electrodes embedded In the porous gypsum The amount of current conducted IS
Indicated on a meter ThIck water films dIssoh e more gypsum and conduct
more current WIth less reSIstance than thm water films Gypsum blocks operate
In the dner portIon of the s0I1·mOIsture spectrum from about 50 to 1,500 cb

33 SOIL-\"·HER QUANTITY

Up to tim pomt, we have been concerned WIth the phySIcal condItIOn of water In
the sad and ItS relatIOnshIp to plant performance It IS sometImes deSIrable to
conSIder the quantIty of water In soIl It should be remembered that a knowledge
ofthe quantIty ofwater m a SOli reveals nothmg about Its relatlOnshIp to plant
performance untIl zt IS calzbrated m terms of the water·retentlOn propertIes of
the partIcular sod mvolved SInce all soIls dIffer In water-retentIOn
charactenstIcs, thIS calIbratIOn IS reqUIred for every SIte at WhIch a quantltatlve
measurement IS made Ifplant relatIons are of concern

The soIl mOIsture quantIty IS commonly expressed as the depth of water, In mm
present In one meters depth of soIl For example, when 150 rom of water IS
present In one meter of soIl, the soIl mOlsture content IS 150 mm/m The soIl
mOIsture content can also be expressed as a percent volume For example,

5
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assume 1m3 of sod (surface area 1 m2 and depth 1 m) containS 0 150 m of water
(a water depth of 150 mm = 0 150 m 0\ er a surface area of 1 m2

) ThIS results In

a sOlI mOlsture content In percent volume of

o15 rn'
---:-3- X 100 =15 %

1m

Thus a soil mOlsture of 150 mm/m corresponds to a volumetrIc mOlsture content
of 15 percent

To manage an IrngatlOn system, mfonnatIOn IS needed about the rate at whIch
water IS used from the SOlI by evapotranspIratIOn and the amount of \\ater that
can be usefully stored In the soIl root zone The dIfference In water content of the
soIl between two succeSSIve measurements represents the evapotranSpIratIOn m a
known tIme mterval A succeSSIOn of soli-water quantIty measurements made
over an extended penod of tIme provIdes mfonnatIOn on the water-use rate In the
area studIed

The amount of ~ater that can presumably be stored bv a soli IS detenmned by
makmg measurements of v.ater content after the 5011 has been thoroughlv wetted
and dramed and again when plants have dned the soIl as much as seems
deSIrable The dIfference m water content throughout the entIre root zone
between these two samplings gIves the maXImLm amount of water that can be
applIed to the soIl ~Ithout loss by deep percolatIon ThIS total \\ater-storage
factor combmed \\ Ith the water-use rates pro\ Ides an estImate of the allo'Wabie
mterval betv.een lITIgatIOns

The storage capaCIty of the sad m the root zone, as detennmed from water
quantIty measurements, IS sometImes useful In evaluatmg the effiCIency of an
lITIgatIOn If computatIOn of the apprOXImate storage capaCIty of the soIl shows
that It can retaIn an lITIgatIOn of about 9 centImeters m the root zone and a
computatIOn of the water applIcatIOn shows that 15 centImeters of v.ater were
apphed, the mefficlencv and waste from the applIcatIOn are qUIcklY revealed

Water-quantIty measurements usually are made by two dlstmct methods The
c-' jeT, mo~t ll::ied mcL~od illvvl ves takmg a sample of soIl from a knov.n aepth m
the root zone With a soIl tube or auger The sample IS weIghed willIe wet and
agaIn after bemg thoroughly dned The loss of water upon drymg, dIVIded by
the dry weIght of the soIl, gIves the weIght ratIO of water m the soIl When thIS
figure IS multIplIed by the bulk denSIty of the soIl, detennmed from a separate
measurement, the volume ratIO of water m the soIl IS obtamed ThIS volume
ratIO multIplIed by the length of soIl column sampled gIves the depth of water
held m the soIl Because SOlIs vary from one locatIOn to another and because soIl
mOIsture samples are usually compared between two dIfferent samplmg dates
With samples taken from dIfferent pOSItIOns In the soIl, It IS necessary to replIcate
the samplIng several tImes for any gIven SIte to obtam satIsfactory results The
method of samplmg plus the reqUIred replIcatIOn makes the process Iabonous,
and therefore It IS not often used

6
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The need for mdlreLt methods for obtammg v.ater content IS eVIdent \\hen the
tIme and labor 1m oh ed m soIl samplmg are conSIdered In addItIOn to requIrIng
a \VaItmg tIme tor (\\ en drymg, such determmatIOns are destructIve and
therefore each ~ample T11USt be taken at a dIfferent place m the soIl S\ ~tem under
study

Man) of the mdlreLt methods (neutron probe and soIl mOIsture probes) permIt

frequent or contmuoll\ measurements m the same place and, after eqUIpment IS

mstalled With only a small expendIture of tIme Thus, If a SUItable calIbratIOn
curve IS avaIlable, changes m water content WIth tIme can be approxImated

The relatIOnshIp bet\\een the soIl-v.ater content and the soIl-water potentIal IS
termed the soli-water characteristIc curve Knowledge of the SOlI-water
charactenstlc curve can be Important m the deSIgn and management of lITIgatIOn
systems Such cun es are necessary to convert tenSIOmeter or g) psum block
readmgs m tenSIOn to the eqUIvalent soIl-mOIsture content

The charactenstlc cun e gIves an mdIcatIOn of the \\ater a\aIlable for plant
growth for dIfferent soIl types As shown m FIgure 3 SOlI types made up of fine
partIcles such as cla\" have a hIgher mOIsture content at the same tenSIOn as
Salls WIth coarser partIcles such as sands

ThejeeI method IS a practical technIque that IS used successfully to determme the
mOlsture content of the soIl A soIl probe IS used to obtam a sample trom each
pOSitIOn m the root zone profile, generally e\ ery II, meter m depth Each sample
IS then felt WIth the h1nd or squeezed bet\\een thumb and fingers The SOli
mOlslure depletIOn can De determmed by companng the feel of the soIl sample to
the mformatIOn shoVI'TI on Table 3 for the appropnate SOli texture

SatIsfactory results can be achIeved WIth the feel method after some trammg
SoIl samples taken With the probe can be weIghed oven dned, and weIghed
agam to determme actual SOli mOIsture as a check on the estImate made by the
fe'll n1etT''Jd 'T"~",,.,...C' :;tJre ;:~rL-;'': v _ ' [.vii1 ~ll': ..>ull pJofile l~ generall) expressed
as percent depletIOn

34 MOVEMENT OF WATER IN SOIL

The movement of v.ater m soIl IS Just as Important as water retentIOn m
determlmng what the condItIon of the sod water wIll be dunng and after
lITIgatIOns Several charactenstlcs of water movemt:nt are conSIdered below,
mcludmg mfiltratIOn, permeablhty, saturated flow, unsaturated flow, and
ImpedIments to water flow

InfiltratIOn - InfiltratIOn IS a term that refers to the downward mo\ement of
v.ater mto the soil The mfiltratIOn rate of a soIl depends on factors that are
constant, such as soIl texture, and on factors that vary, such as soIl structure and
soIl mOIsture, see Table 5 When water falls on the ground from a ram or from a
mICro lITIgatIOn system It enters the soIl by the mfiltratIOn process When the

7



8

FIgure 3 SoIl water charactenstics curves for several soIl types
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13~76

8~20

25 ~ 15
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o1~ 1

~and

Sandy loam
Loam

Clay loam
SIlty clay

Clay

SoIl Texture

Table 5 SoIl texture and the normal range of mfiltratIOn

InfiltratlOn rate
(mm/hr)
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If the pores of the soIl are small or If lnltIally large pores become plugged, the
mfiltratIOn rate wIll be slow, sometImes reachmg values less than 25 rom per
hour An average mfiltratlOn rate that IS m the range from 15 rom to 50 mm per
hour Wlll generally provIde the greatest ease and effiCIency of ImgatIOn SoIls
havmg mfiltratIOn rates above or below thIs range can be effiCIently Imgated, but
they reqUIre more attention, time, and speCIal practIces or eqUIpment

pores of the surface sOlI are large and remam open, mfiltratIOn rna) be a fairh
rapId process The mfiltratIOn rate of a soIl IS commonly measured by the depth
(m mm) of a v.ater layer that the soIl can absorb m an hour An mfiltratlOn rate
of 15 rnm/hour means that a water layer of 15 rom on the surface of the soIl, \\111

take one hour to move mto the soIl
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Table 3 Feel method for Judgmg how much of the aVailable mOIsture has been removed from the soil
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Feel or appearance of sOlI and mOIsture deficiency 10 centImeters of water per meter of soIl depth

Coarse texture Moderately coarse texture MedIUm texture FlOe and very fine texture
SoIl mOisture Sandy,Lomnysand,Sandy Sandy loam, Sandy Clay Sdndy Loam, Loam, SlIt Clay loam, SIlty Clay Loam,

defiCiency Loam Loam, Loamy Sand J oam Clay, ~Ilty clay, <;1It Loam
Upon squeezmg, no free Upon squeezmg, no tree Upon 5queezmg, no free Upon squeezmg, no free water

0% water appears on soIl but water appears on sod but W<1ter appears on soIl but wet appears on soil but wet outlme
(field capacity) wet outhne of ball I IS lef on wet outlme of ball 15 left on outlIm.. of ball 15 left on hand of ball IS left on hand

hand 00 cm/m hand 00 cm/m 00 cm/m 00 cm/m
Tends to stick together Forms weak ball, breaks forms a ball, IS very plIable, Easily nbbons out between

0-25% slIghtly, sometimes forms a easIly, WIll not shck2 <;lIcks readily If relatively fingers, has shck feelmg
very weak ball under 111gh 10 clay
pressure o0~ 1 7 cm/m o0 ~ 3 3 cm/m o0 ~ 4 2 cm/m OO~ 50 cm/m
Appears to be dry, wIll .10t Tends to ball under pressure forms a ball somewhat Forms a ball, ribbons out

25 - 50% farm a ball With pressure out seldom holds together plastIc, Will slIck slIghtly With between thumb and forefinger
17~42cm/m 3 3 ~ 6 7 cm/m pressure 42 ~ 83 cm/m 5 0~ 100 cm/m

Appears to be dry, Will ~:>t -\.ppears to be dry, Will not Somewhat crumbly but holds Somewhat plIable, Will ball
50 - 75% farm a ball With pressur ~ -orm a ball together from pressure under pressure

4 2 ~ 6 7 cm/m 6 7~ 9 2 cm/m 8 3 ~ 12 5 cm/m 100~IS8cm/m

Dry, loose smgle-gramed )ry, loose, flow'> through Powdery, dry, <,ometlmes Hard, baked, cracked,
7':; - IOOClI() flow... thlough fingt..r... ingl.r... ,lightly L1u...tu.l but I.d..,t1y ..,onH."tlme.., hi" !oo".... l./ ulnh"

hroken down mto powdery on surface
6 7 ~92cm/m 9 2 ~ 125 lm/m condition 12 5 ~ 158 cm/m 15 8 ~ 20 8 cm/m..

1 The Ball IS formed by squeezing a hand I of so : firmly
2 To slick means that the exterIor of the b<.\! ghste 1S WIth mOisture though free water IS not pre~ent

()



Table 6 Lateral movement ofwater In soIl

System \LlIlagement
\Iodule 2-1

fine sondy loom

Lateral Movement, m

cloy

SoIl Type

5

Water move" not only vertIcally, m5ItratlOn, but alsu larerally .tlop:::onta r

movement beyond ponded water for vanous soIl types IS gIven ill Table 6
These are only very general numbers and should be verified In the field Actual
lateral movement depends upon sahmty amounts and type, sOlI textures, zones
Impedmg soIl-water movement, and applIcatIOn rates

E 35
~

Generally, the InfiltratIOn rate IS relatI\ely hIgh for a dry soIl, steadIly decreasmg
dunng the penod of water applIcatIOn thIS decrease In rates IS caused by the
Increased resIstance to water flow as the soIl partIcles expand or swell and
reduce the pore SIzes SometImes the \\ater applIcatIOn breaks down the surface
soIl structure, dIslodgmg some of the fine soIl partIcles from the sod aggregates
to whIch they ""ere preVIOusly attached These fine partIcles then flo\\ mto the
soIl, pluggmg some of the pores Another cause of the decrease m rnfiltratIOn
rate dunng lITIgatIon IS the Increasmg wetness of the soIl, whIch lowers the
hydraulIc gradIent (see explanatIOn below) ReductIOn of mfiltratIOn rate WIth
tIme IS greater for medlUm- and fine-textured soIls than It IS for coarse-textured
sods See FIgure 4
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Coarse sand
Fme sand
Loam
Heavy clay

015 -1- 046
030 -1- 0 91
091 -1- 1 37
1 22 -1- 1 82
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PermeabJllh - PermeabIht\ refers to the rate of movement of Vvater through a
:::.0I! and IS fn.. quenth called h'r drauhc conductIvIty It IS defined as the rate at
\\-hlch a umt '\olume of \\ater moves past a umt cross-sectIOn area of soIl \\-hen
dflven b'r umt hydrauhc gradIent HydraulIc gradIent IS the drn 10g force
causmg water to flo\\' and results both from graVIty and dIfferences m Vvetness or
soil suctIOn GravItv can onh act downward and Imparts a hydraulIc gradIent of
I, but the mteractlOn at gra\ Ity \\-Ith Impermeable soil layers may provIde
movement oblIquely dOVvTI\\ard, In Vvhlch case the hydraulIc gradIent IS less than
1 DIfference In soIl suctIOn can move water In any dIrectIOn and may proVIde
large hydraulIc gradIents

As WIth InfiltratIOn, permeabIlIty of a soIl IS dependent to a consIderable extent
on the pore SIzes m the SOlI through whIch water can flow WIth larger pore
SIzes, a more rapId rate of \\ ater flow WIll be obtaIned, and wIth soIl havmg finer
pores a sloVver rate of water movement WIll occur When dISCUSSIng hydraulIc
conductIVIty, there are t\\O types of flow wIth dIfferent reactIOns to be
consIdered saturated and unsaturated flow

Saturated flo\'\- refers to the flow of \\-ater through soIl \\hen all or most of the
pores are filled with \\ ater lIttle alr IS left 10 the soIl It IS eas\ to determme In
the field If a SOlI IS saturated If a handful of saturated SOlI IS squeezed some
\vater \\ III run bet\\ een the fingers The perIod of saturatIOn of the top-soIl
usually does not last long -\fter the water applIcatIOn stops, part of the \\-ater
present m the larger pores \\111 move dovmv.ard under the mfluence of gra'\lt)
The flO'\" rate IS pnmarll) 10fluenced by the SIze of the larger pores and their
proportion 10 the soIl Saturated flow IS therefore most rapid m coarse-textured
soIls [he water dramed from the pores IS replaced by air In course textured
SOlIs (sandy), dramage IS completed In a penod of a fe\\' hours In fine textured
(clayey) SOlIs, draInage may take (2-3) days

Much of the time, water movement In soIl takes place when the pores are not
filled WIth water, and thIS IS known as unsaturated flow Unsaturated flow IS
~sSP 'ally f..lrr flcV', ::'i'id ts rate dep\;lKb prImanly on the thIckness of the water
films eXIstmg In the fine and medIUm pores To some extent, the rate depends
upon the hyrlr?J1ltr g,.~:rlJent, n'1",~11 IS usually greater thall 1 and may be mal1;'

tImes greater If large dIfferences In sad mOIsture condItIOn eXIst m the soIl
profile It IS unsaturated or film flow whIch transports water from a pomt In the
sad where It has not been depleted to a pomt where It has been depleted by root
actIon If water were unable to move m sad to the root surfaces by unsaturated
flow, It would be necessary to keep the soIl much wetter than IS usually deSIrable
to mamtam a suffiCIent supply for plant use durmg penods of high
evapotranspIratIon

Coarse-textured salls have relatIvely poor unsaturated conductIVIty
Consequently It IS necessary to keep a coarse-textured SOlI wetter than a
medIUm or fine-textured SOlI to obtam the same degree of plant response
Coarse-textured SOlIs conduct \\-ater poorly by film flow because of theu small
surface area which results In relatIvely few mterconnectmg water films

11
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3 5 ZO\ES I,tPEDING SOIL-WATER MO\ EMENT

Water mo\ mg In SOlI occasIOnally encounters a zone or soIl COndltlOn v.here
resIstance to flow IS great Wlule such a zone IS rarely a complete block to all
types of tlO\\ It may retard flow to an extent WhICh can be Important m the SOlI
water ~\ ~tem and In water-plant relatIOns Impedmg zones can be grouped In
three sod cb~ses, representmg the ways m whIch flo\\ IS retarded

The first class IS characterIzed by a lack of large pores aT, In extreme cases, by
the near absence of pores In normal SOlI, the rapId flow of water dUrIng
lITIgatIOn or leachIng takes place mamly through large pores When a zone
lackmg large pores IS encountered m the soIl profile, the flow IS reduced to a
fractIOn of ItS prevIOUS rate and may stop entlrely The result IS a "pIle-up" of
water resultmg m a perched water table, whIch can be detrImental to plant roots
Leachmg IS dIfficult In thIS type of profile Examples m thIS class Include
hardpans, tIght clay layers, SlIt layers m sandy soIl, and hIgh-denSIty layers,
usually caused by compactIOn

A second class IS characterIzed by a discontmUlt\ or drastIC reductlOn of the
medIUm and fine pores that carry films of \vater necessary for film flow
Compared to normal soIl, thIS soIl shows such a marked decrease m unsaturated
hydraulIc conductivIty that unsaturated flow IS almost noneXIstent E\.amples of
thiS class mclude coarse-textured layers of either sand or organIC matter
underh mg finer-textured soIls, and vertIcal mulch layers covered 0\ er at the
surface b\ fine materIals

If such la) ers are honzontal m the soIl profile, water eventually accumulates Just
abo\e the coarse-textured layer untIl saturatIOn occurs at the boundary If water
contInues to move down from above, free water wIll dnp from the saturated
layer mto the coarser-textured materIal below so that no apprecIable depth of
perched water table IS formed However, e\-en after downward flow has ceased,
a saturated condItIOn remaInS Just above the tehtural Interface untIl plant use or
evaporatIon depletes It Saturated layers can be harmful to plant roots anil
seldom contam roots of plants WhICh are senSItIve to exceSSIvely wet condItIOns

T~e tlurd class represcULs a cc,l[lplde 11lll::rrupLIOn of the conductmg pores It IS
based on the law of outflow of free water WhICh states "Outflow of free water
from soIl occurs only If the pressure m the soIl water exceeds atmospherIC
pressure" In the field, pores are mterrupted by tIle Imes, gopher tunnels, mole
holes, and gravel or coarse sand layers underlymg the soIl In no case WIll water
leave the SOlI to enter large opemngs unless the soil IS saturated at the pomt of
outflow Farmers conSIderIng InstallatIOn of tIle dramage should be aware of
thIS charactenstic TIle dramage will not reduce the wetness of soIl wIDch IS not
saturated TIle drams functIOn only when they are located below a water table

12
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GROUND WATER T<\.BLE

Part of the water applied to the soll surface drams below the root zone and feeds
deeper soIl layers that are permanently saturated, the top of the saturated layer IS
called the ground water table or Just the water table

The depth of the water table \ anes from place to place mamly due to changes m
topography In one partIcular place or field, the depth of the water table may vary m
tIme Followmg heavy ramfall or ImgatIOn the ground water table nses Water can
reach and saturate the root zone If prolonged thIS SItuatIOn can be dISastrouS for
crops that cannot stand wet roots for a long penod

CapIllary RIse m em

20 to 50 em
50 to 80 em

80 < to several meters

Coarse (sand)
MedIWTI (loam)
Fme (clay)

SoIl Texture

So far, It has been mentIOned that water can move downward as well as honzontally
In addItIon, water can mo\e upward Ground water can move upward through the
soIl m very small pores called capIllarIes ThIS process IS called capillaI) nse In fine
textured SOlI (clay) the upv,ard movement ofwater IS slow but covers a long dIstance
In coarse textured soIl (sand) the upward movement of water IS qUId. but covers
only a short dIstance see Table 7
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MICRO IRRIGATION SYSTEMS

USE OF S.\.U ..... E IRRIGATION WATER

[Supplemental]

1 I.....TRODl'CTIO~

When usmg salIne lITIgatIOn water one should work to\\ards IncreasIng lITIgatIOn
efficIency, defined here as the fractIOn of water applIed to the field that IS used by the
crop The ObjectIve IS two-fold to Increase the productIOn from each umt of water
used, and also to reduce the volume of draInage water needIng dIsposal Remember
that leachmg saIts from the rootzone also leaches nutnents Thus It IS cntical to
reduce the amount of deep percolation to the mmlmum necessary to maIntam a
sUltable soIl-water salt balance ThIs prevents an exceSSI\ e loss of nutnents and can
best be achIeved under a umform lITIgatIOn system

Properly deSIgned and managed mICro lITIgatIOn systems can come close to 'perfect
umformlty However, precISIOn lITIgatIon reqUlres access to a reliable water suppl)
on demand Water delIver) on fixed (worse unrelIable) schedules greath
comphcates the task of attammg a hIgh level of on-farm lITIgatIOn system effiCIenC\
Thus, effiCIent on-farm \-\ater use IS predIcated on an effectl\e delIver) system

1 1 Salt i\ccumulatlOn In SoIl

A SOlI rna) be nch m salts because the parent rock from whIch It was formed
contamed salts In addItIOn, salt IS added by lITIgatIOn W8lt r The basIc
dIfference between ram v.ater and lITIgatIOn water 15 that the first IS nearly free
from salts whIle the second contaInS salts of dIfferent degrees The salt content
of lITIgatIon water normally vanes between 200 part per mIllIon to 2000 parts
per mIllIon (0 2 gm/l to 2 a gm/l) Hence WIth every ungatIOn a certam amount
of salt IS brought to the sod For lITIgatIOn water m the Jordan Valley, the salt
content of Yarmouk RIver water IS about a4 to a5 gm!l whIle the salt content of
the water leaVIng Kmg Talal Re'\f'rvmT IS !:lbo1..lt () g to 1 ,f g";..,/1

Smce plants use almost pure water, most g::llt", JYl thl" I3.pphf'd !lTIg~t10f1 "later
iemau1 In the soIl WIth each 1U mm lITIgatIOn usmg water from the Yarmouk
RIver, about 5 kg of salts are added to each dunum A WInter season vegetable
crop requmng about 700 rom of water adds about 350 kg of salts to each dunum
of land lmgated A CItruS orchard usmg 1200 mm of ImgatIOn water adds about
600kg of salt to each dunum per year The amount of salts added to each dunum
of SOils IS hIgher when lITIgatIOn water from the Kmg Talal ReservOir IS used

From the above, It IS clear that a conSIderable amount of salts are brought to
lITIgated lands even when good qualIty ImgatIOn water IS used If these salts are
left to accumulate m the rootzone of the soIl profile, the soIl WIll qUIckly become
too salIne for the growth of most agncultural crops To aVOid reachmg thIS stage,
It IS Imperative that these salts be penodically remo\ed from the rootzone by
addIng supplemental lITIgatIOn water to carry them to drams or to deeper zones
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of the soIl Table 1 gIves gUIdelmes for asseSSIng the rIsk of sOlI salinIZatIOn
from an lITIgatIOn water

Table I GUIdelmes for mterpretatIOn of water qualIty for lITIgatIOn

Salt concentratIOn of Sod salImzatlOn
IrrIgatIOn water rIsk RestnctIOn on use

< 0 45 gil (0 7 dS/m) None No restrIctIOn on use

045 ~ 2 gil Shghtto Use wIth approprIate
(07- 3 dS/m) moderate management practIces

> 2 gil HIgh Not generally adVIsed for use
(>3 dS/m) unless dIrected by specialIsts

SalImty In the soIl IS estImated by measunng the salt content of water extracted
from the soIl A soIl sample IS mIxed WIth dIstIlled water and the water IS
extracted from the soIl With a pressure plate, the extracted water IS called a
saturatIOn e'\tract If thIS water contaInS less than 3 gpl of salts, the sallIS SaId to
be non-salIne If the salt concentratIOn of the saturatIOn extract IS greater than
12 gpl the soIl IS Said to be hIghly salme Table 2 summarIzes the degree of soIl
salimty as measured by the salimty of the extract from a saturated soIl paste

Table 2 GUIdelInes for mterpretatIOn of soIl salImzatIOn
from saturated soIl paste extracts

Salt concentratIOn In the saturated paste extract
(gpl) I ECe (dS/m) I SalInIty status

0-3 0-45 Non-salIne
3-6 45-9 Shghtly salIne

6 - 12 9 - 18 MedIUm salme
> 12 > 18 HIghly salme

.M. luore acwrate method of measurmg the soIl-water salImty IS to use a probe
that measures SOlI-water EC Testmg should begm shortly after an applIcatIOn of

, g"'UHl W,Ue\ ..:I '(1 t::ontmue untIl the next lITIgatIOn The fJfobe Wl1! measure
the same sahmty level as that faced by the plant Data from the several
measurements between lIngatlOllS can be used to develop sahmty concentratIOn
curves, whIch are used as an lITIgatIOn schedulIng aId

12 Management

When Imgatmg there IS need to undertake appropnate practIces to prevent the
accumulatIOn of exceSSIve salt levels m the crop rootzone Management need not
necessanly attempt to control salts at the lowest pOSSIble level, but rather to keep
the level wItbJ.n lImIts that allow sustamed productIvIty Crop, soIl, and lITIgatIOn
practIces can be modIfied to keep the level of salts withm these lImIts

Management practIces for the control of salImty Include selectIOn of crops or
crop vanetIes that WIll produce satIsfactory yIelds under the resultmg condItIons
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CROPS AND SALINE SOIL-WATER

Table 3 RelatIve SOlI-water salt tolerance le\ els of agncultural crops

2 1 Crop Tolerance to SoIl-Water Salts

Some plants are more tolerant to a hIgh soIl-water salt concentratIOn than others
Table 3 groups common crops by SOlI-water solutIOn salt levels \\'here the
solutIOn salImt} IS mdlcated by ECe The ECe IS determmed from a saturated
paste extract from a SOlI sample and must be done b\ a laboratory

of salIruty, use of land-preparatIOn and plantmg methods that aid m the control of
salInIty, lITigatiOn procedures that maIntaIn a relatl\ ely hIgh ~01l-mOlsture

regIme and penodlcally leach accWllulated salts from the soIl, and mamtenance
of water conve)ance and dramage systems The crop type, water qualIty, and
soIl propertIes determme, to a large degree, the management practIces reqUIred to
optImIze productIOn

SenSItIve
0-1 dS/m

Bean
Carrot
Okra
Omon
Almond
Apple
Apneot
A.voeaao
GrapefruIt
Lemon
LIme
Orange
Peach
Pear
Plum
Pommelo
Strawberry
Tangerme

Moderately
SensItrve
I - 3 dS/m

Broadbean
MaIze
Sunflower
Cabbage
CaulIflower
Cucumber
Eggplant
Lettuce
Sweet Melon
Pepper
Potato
Pumpkm
RadIsh
Spmach
Tomato
Squash
TurnIp
Watermelon
Grape

Moderately
Tolerant

3 - 6 dS/m

3

Wheat
Beet
Squash
FIg
Ohve
t>omegranate

Tolerant
6 - 10 dS/m

Barley
Asparagus
Date Palm

Most crops do not grow well on sOlis that have sOlI-\\'ater solutIOns WIth lugh sahmt)
levels As salt concentratIOns m the soIl-water solutIOn mcrease there IS an Increase m
forces draWIng water away from the roots and towards the salts The force dra\\'mg
water to the salts reduces the rate and amount of water that plant roots can take In
from the sOlI Plants have to exert more force to extract and absorb water from the
sOli-water solutIOn Also, salts such as SOdIWll, chlorIne and boron are tOXIC to
plants when present m lugh concentratIOns
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1able 3 IS ordered by increaSing salInItv tolerance Ie, broadbean IS more
sensItIve than grape The order of crops mdlcatn e of salInity tolerance In thIS
table IS relatIve only DIfferent varIeties of crops rna" be more or less tolerant
than as shown m thIS table See Table 4 for more detaded mformatIOn

22 SoIl-Water SalmI!} and YIeld PotentIal

Table 4 summarIzes the effect of sahmty on the yield potentIal of selected crops
SOlI salImty tolerances gIven In the table apply pnmanly to crops from late
seedhng to matunty that are exposed to faIrly umform salImtIes throughout the
crop season Tolerance dunng the genmnatlOn and early seedlmg stage may be
dIfferent Actual response ofplants to salmlty varies Wltlt growmg conditIOns
(climate, IrngatlOn and agronomic management) and crop varIety Data m the
table should be used to select a crop, relatIve to others, based on lIkelIhood of
salInity problems gIven soIl and water qualIty mformatIOn In addItIOn, the data
III Table 4 applies to surface-Irrigated crops and conventIOnal IrrigatlOll
management assumlllg a leaellingfractlOll equal to 015 to 020

-\ leachmg fractIOn larger than about 0 25 may not be practIcal because of the
large volume of \\ater reqUIred In such cases conSIderatIOn must be gnen to
the selectIOn of a more salt tolerant crop that wIll reqUIre less leachmg to control
the soIl-water salmIt\ level SoIl type, lITIgatIOn frequency, clImate, and crop
\ anety can sIgmficantly effect yIeld response under lITIgatIOn \\ Ith a gn en \'vater
qualIty and thereby mfluence the leachmg fractIOn

Rootstocks used for certain tree or vme crops absorb Cl and Na at dIfferent rates
tl11$ can apprecIably mtluence ~alImty tolerance \\ lth a reductIon In the amount
absorbed, accumulatIon IS reduced There IS also conSIderable dIfferences
between cuItIvars WIthm a speCIes

3 PRACTICES TO CONTROL ROOTZONE SALlNln

Because c ~jJs, ar.'i 1.ffcrci"it c ...llvars ,Jf L: '-' .>dllle I.IVP, vaty conSIderably ill theIr
tolerance to salImty, crops should be selected that produce satIsfactonly for the
partIcular conrlltlOno;; of S2hn1t := q::"'::ted ~C'::u.r Ln <he 00tZCHlr Plant oensIt)
should also be mcreased to compensate for the smaller plant SIze that eXISts under
salme condItIOns ThIS Increases the InterceptIOn of the IncomIng energy of the sun,
and hence crop yIeld, relatIve to normal denSItIes It IS especIally Important to
conSIder the crop's salt tolerance dunng seedlIng development Tlns IS often the most
senSItIve growth stage, and hIgh yIelds are ImpOSSIble Without satIsfactory
estabhshment ofcrop stand

Improvements III salIruty control on lITIgated lands generally come from
Improvements In ImgatIOn management The key to effectIve ImgatIOn (and hence
salImty control) IS to proVIde the proper amount of water at the proper tIme The
optimum irrigatzon scheme provzdes water nearly contmuously to keep the sozllwter
content m the rootzone wzthm nan ow lzmlts Carefully programmed perIods of stress
may be deSIrable to obtam maXImum economIC yIeld WIth some crops, cultural

4
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practices abo may demand penods of 'dry' solI Thus careful control of tlmmg and
the amount of \\ater apphed IS a prereqUIsIte to hIgh \\ater use efficIency and to lugh
crop yIeld especIally v"hen lITIgatIng WIth salIne waters

Table 4 Crop tolerance and yIeld potentIal ~ mfluenced by
the saturated soIl paste extract sahnm (ECe) 1

YIeld potentIal Influenced b) ECe

Crop 100% 90% 75% 50% 0%

Vegetables

Squash, ZUCChInI 47 58 74 10 15
Beet, red2 40 5 1 68 96 15
Squash, scallop 32 3 8 48 63 94
Broccoh 28 39 55 82 14
Tomato 25 35 50 76 13
Cucumber 25 33 44 63 10
SpInach 20 33 53 86 15
Celery 1 8 34 5 8 99 18
Cabbage 1 8 28 44 70 12
Potato 1 7 25 38 59 10
Com, svveet 1 7 25 38 59 10
S\\eet potato 1 5 24 38 60 11
Pepper, s\\eet 1 5 22 33 5 1 86
Lettuce 13 2 1 32 5 1 90
RadIsh 1 2 20 3 1 I 50 89I

I

Omon 12 1 8 28 .+3 74
Carrot 1 0 1 7 28 .+6 8 1
Bean 1 0 1 5 23 36 63
Turmp 09 20 37 65 12

FrUIts3

Date palm 40 I 68 I 11 18 I 32
GrapefruIt 1 8 I 24

1

34 49
1

80
Orange 1 7 23 33 48 80
Peach 1 7 I 22 I 29 ..j. 1 65
Apncot4 16 20 26 37 58
Grape4 1 5 25 41 67 12
Almond4 1 5 20 28 41 68
Plum, prune4 15 2 1 29 43 61
Blackberry 1 5 20 26 38 60
Strawberry 1 0 1 3 1 8 25 40

I In gypslferous SOlis plants Will tolerate EC:s about 2 dS/m hIgher than mdlcated

2 SensItIve dunng gemunatlOn, ECe should not exceed 3 dS/m

3 These data are applicable when rootstocks are used that do not accumulate Na or CI
rapidly or when those IOns do not predommate In the SOlI

4 Values are for vegetative gro'A-th only, not yield

5
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Table 4 ContmuatiOn

YIeld potentIal Influenced by ECe

Crop 100% 90% 75% 50% 0%

Field
Barley1 80 10 13 18 28
Sorghum 68 74 84 99 13
Wheat I 60 74 95 13 20
Wheat, durum 57 76 10 15 24
Soybean 50 55 63 75 10
Cowpea 49 57 70 9 1 13
Sudan grass 28 5 1 86 14 26
Alfalfa 20 34 54 88 16
Corn 17 25 38 59 10
Broadbean 1 5 26 42 68 12
Clover 1 5 23 36 57 98
Bean 10 15 23 36 63

1 Less tolerant dUring emergence and seedlmg ECe should not exceed 4 to :> dS/m

ThiS calls for Hatel deln elY to the field on demund \\ hlc,h In turn reqUlJ es close
coordznatzon between the farmer and the organz::allon that distrIbutes the \wter It
calls for measurement of water flow (rates and \ olumes) measurement of the water
and salt content of the solI, ways to predIct or measure the rate of water use by the
crop, and ways to detect or predIct the onset of plant stress It also calls for an
accurate control of the volume delIvered to each field and Its u \~orm areal
dlstnbutIOn vvIthm the field

The pnme reqUIrements of IrrIgatIon management for salInity control are
tImely IrrigatIOns, adequate leachIng, adequate draInage, and water table depth
control Other sIgmficant contrIbutmg and mteractmg factors should also be
conSIdered These mclude the delIvery system and the method and manner of the
IITI '::<ltIOfl

3 1 Tl.!e Dehllery and Dramage Sy:.tcrr s

For effiCIent control of a supply system, the water volume passmg cntIcal pomts,
mcludmg the outlets to mdIvldual fields, needs to be controlled and metered
ThIs demands mstallatlon of effectIve flow controllIng and measunng deVIces,
WIthout whIch seepage losses are dIfficult to Identify and oversupply to fields IS
likely to occur AddItIOnally, many delIvery systems encourage over-lITIgatIOn
because the water IS supplIed for fixed penods, or In fixed amounts, IrreSpectIve
of seasonal vanatIOns m on-farm needs Such systems make the use of some
types of ImgatIOn, such as tnckle exceedmgly dIfficult Ideally, water delIvery
should be on-demand and to accomplIsh thIs there needs to be, m addItIOn to
appropnate delIvery faCIlItIes, close coordmatIOn between the management of
water delIvery and the users

6
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The mamtenance of the dramage system IS Important and the tIle hnes or open
dItches should be kept clean and on grade OVer-lIT' ~atlOn also contnbutes to the
water table and salmlty problems as well as mcreasIng the amount of v. ater that
the dramage system must accommodate Therefore a proper relatIOn between
IrngatIOn management and dramage must be ma1ntamed to prevent Irngated
lands from becommg salt affected The amount of ",.. ater applIed should be
suffiCIent to supply the crop and satISfY the leachmg reqUIrement but not enough
to overload the draInage system It IS Important to recognzze that mefficlent
Irrzgatzon IS a major cause of salmIty and shallow water tables In many
lITIgatIOn projects of the world and that the need for dramage can usually be
reduced through zmprovements m zrrzgatlOn management Ways to Improve
lITIgatIOn effiCIency should be sought first before the dramage capaCIty IS
mcreased

3 2 On-Farm IrrIgatIon Practices

In general, Improvements m salImty control occur b\ pro\ Idmg the appropnate
amount of water at the appropnate tIme WIth hIgh umformlty of applIcatIOn The
Ideal IrngatIOn scheme \\ ould proVIde water more or less contmuoush to the
plant to match e\ apotranspiratIOn losses and to keep the v.ater content m the
rootzone withm narrow lImIts commensurate v.lth adequate aeratIOn and would
mmimize loss m deep percolatIOn for leachmg B\ thIS means the saimity of the
SOlI water m the major part of the rootzone IS prevented from mcreasmg
sIgmficantly bet\\ een lITIgatIOn events as e\ apotranspIratIOn proceeds The
avaIlabIlIty of the water to the crop IS thus facIlItated and stress IS aVOIded
SometImes 'stress' IS deSIred to mcrease the proportIOn of reproductIve versus
vegetatIve gro'Wth and to speed matunty For such cases, proper stress penods
should be 'programmed' mto the management To achIeve such an Ideal system
requIres dehvery of the \\ater to the field on demand at appropnate flow rates
and volumes To know what volume of replemshment water IS needed for
IrngatIOn, evapotranspIratIOn rates need to be very accurately known

~ id,t'c"G.l ·.v~t:r (c .cr that requlled to replem::on lOsses oy plant translJ1nmol.1 and
evaporatIOn) must be applIed, at least occaSIOnally, to leach out the salt that has
a(,('llTl"l'htf"rI. ~lt1rp fjle pre"loJS leachmg TIus leachmg reguuemew ,J(- 1I(""1Ih '"'If)

the salt content of the lITIgatIon water and on the maxImum salt concentratIOn
penmsslble m the SOlI-water solutIOn, wluch depends m turn on the salt tolerance
of the crop

Fortunately, much of the needed leachmg can be aclneved dunng pre-lITIgatIOns
between crops or dunng early season ungatlOns when soIl permeabIlIty 15

generally at ItS maxImum and crop use at ItS mmlmum If ramfall IS sigruficant,
less leachmg from IrrIgatIOn IS needed The control of salIruty by leachmg IS
accomphshed most easIly In permeable coarse-textured SOlIs Medmm- and fine
textured soIls have the agronomIC advantage of a greater water-holdmg capaCIty
and ordmarily present no major problem from the stand-pomt of sahmty control,
partIcularly If they have good structure and are underlam by a sand or gravel

7
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aquIfer whIch faCIlItates the removal of draInage water PreventIOn of salt
accumulatIOn IS most dIfficult III fine textured, slo\"ly permeable soil

The method of ImgatIOn IS Important In the control of sallIl1ty Tnckle ImgatIOn,
If properly deSIgned, mInImIZeS salImty and crop stresses because the SOlI water
content IS maIntaIned at a hIgh le\ el and the salts are leached to the penphery of
the \\etted volume where rootIng actIVIty IS mInImal As explaIned below,
htgher salIruty In the ImgatIOn water can be tolerated USIng tnckle compared to
other methods of lITIgatIOn

The frequency of ImgatIOn affects the response of crops to sahne waters Salts
reduce availabIlIty of water for plant use In almost direCl: proportIOn to theIr total
concentratIOn In the soIl solutIon ImgatIOn frequency (IrreSpectIve of ImgatIOn
method) should be Increased, all else bemg equal, so that the mOIsture content of
salIne SOlIs IS maIntamed as hIgh as practIcable WIthout creatIng aeratIOn or
dIsease problems EspeCIally CrItIcal are seedlmg establIshment and the early
stages of vegetatIve growth Reasons for thIS recommendatIOn follow

TIme-averaged rootzone salImty IS affected by the degree to whIch the soIl water
IS depleted between IrngatIOns and the leachIng fractIOn Crop stress IS Increased
as the tIme between IrrIgatIOns IS mcreased because the force WIth which water IS
held b\ soIl partIcles mcreases approxImately exponentIally as the SOlI dnes As
the salts progreSSIvely concentrate In the reduced volume of soIl-water, the
remamIng fresh water IS held tIghter by the salt IOns The total force that must
be 0\ ercome by a crop extractmg water IS the sum of the two attractIOn forces
that due to soIl t'articles and that due to salt IOns

Crop jIeld IS closely related to the tIme and depth averaged total soIl-water
potentIal As water IS removed from a soIl of non-umform sahruty dlstnbutIOn
In the rootzone, the total stress (attractIOn forces) of the water bemg absorbed by
the plant tends to approach umfonmty III all depths of the rootzone, even though
the components of the total force vary mversely among these 'strata' Thus,
{'vl1vv-.U1g dil InIgano!1, plant roots are less actIve In absorbmg water In soIl
depths of lugh salt concentratIon than In those of low salt concentratIon WIth
'.:. • OJ: ..any vbSE-. VI;;I~ ~ J '': {Jl~ .!1DllTlon:: m SOlIs (Increasmg saI.ruty w1th

depth), tlus means that most of the water uptake IS from the upper, less salme
soIl depths untIl suffiCIent water IS removed to mcrease the soIl partIcle water
attractIOn force to a pomt where, when combIned With the mcreasIng salt Ion
attraCTIon force, the total water stress (salt plus sod partIcle forces) at some lower
depth becomes less mhIbltive At tlus tIme sallIl1ty effects on crop growth Will
magmfy These observatIons allow one to conclude that (1) plants can tolerate
lugher levels of sahruty under condItIons of low total water stress (such as IS
achIe\ed With hIgh-frequency forms of ImgatIOn, hke mIcro), and (2) lugh sod
water sahrutIes occurnng m deeper regIOns of the rootzone can be sIgmficantly
offset If suffiCIent low-sahruty water IS added to the upper profile depths at a
rate to satISfy the crop's evapotranspIratIOn reqUIrement

8
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Thus, the le\ el \.1t salInIty that can be tolerated m the soIl depends m part, on the
dIstrIbutIOn of "alInIty m the soIl profile, on the frequency and e\.tent to whIch
the soIl water I~ depleted between lITIgatIOns, and on the water content of the
soIl IITIgallon management has an Important effect on permIssIble levels of
salInIty of IITIgJ' on waters

A frequent con::-tramt to Improvmg on-farm water use IS the lack ot mformatIOn

on when an ImgatlOn IS needed and what capacIty for replerushment IS avaIlable
wlthm the rootzone Ideally, lITIgatIOn management should have the SOlI water
near maxImum capaCIty at plantmg tIme but depleted by 50% or more, at
harvest And, It should mamtam water Vvlthm the rootzone dunng the major
perIod of vegetatIve growth at a level whIch produces no deletenous plant water
stress through succeSSIve, properly-timed IrngatIOns Under salme condItIOns,
thIS reqUIres some 'extra' water for leachmg - a mmimum commensurate WIth the
salt tolerance of the crop bemg grown lITIgatIOn schedulmg reqUIres some
method of assessmg the water avaIlabIlIty to the crop WIth suffiCIent lead tIme to
prOVIde for a \\ater applIcatIOn before sigruficant stress occurs In addItIOn the
amounts of \\ ater needed for refillmg the depleted rootzone resen Olr and for
leachmg must be determmed

SchedulIng methods can be used \\-hlch are based on IITIgatmg v"hen depletIOn of
soil \'"ater per "e or soIl \\ ater potentIal or some aSSOCiated soIl or ,\ ater
propert\ reaches some predetermmed le\ el (set-pomt) The attamment of thIS
Ie' el can be detenmned eIther by dIrect measurement of some appropnate soIl
property or estImated from metf'orologlcal data WIth the latter method, daIlv
reference e\apotranspIration of full ground-cO\er crop (usually a \\ell-watered
healthy grass) IS calculated from measurements of aIr temperature humIdIty,
solar radIatIOn and wmd The actual evapotranspIratIOn (ET) of the crop IS then
estImated from empmcally determmed crop coeffiCIents 1 The smnmatlOn of
these dally ET \ alues IS a measure of accumulative soIl water depletIOn A plot
of depletion versus tIme gIves a way to project the need for lITIgatIOn when the
degree ofaIIo\\able depletIOn IS known

The same approach can be used based on dIrect measurements of SOlI water
conte,-.t, or a re' Ted para.. ~tcr, us.ng fi .... tltrOu meters, leslstance blocks, or
capaCItance SOlI probes Some of these methods can prOVIde mformatIOn on the
amount of water storage avaIlable m the soIl for replemshment Most of the
methods suffer the lImItatIon of needmg an empIrIcal determmation of the set
pomt value for ImgatlOn which vanes WIth crop rootmg charactenstIcs, stage of
plant gro~ soIl propertIes and chmatIc stress Furthermore, measurements of
sod water content or soIl partICle attractIOn forces can not be used (at least not
convemently) to assess or control the leachmg fractIOn (the fractIOn of mfiltrated
water that passes the rootzone) as IS reqUIred to prevent an exceSSl\ e buIld-up of
soIl salImty For salme water, lITIgatIOns should be scheduled before the total
soIl-water attractIOn forces mcrease to the level that prohIbIts the crop from

I See Module 2-3, Crop Water ReqUirements
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extractmg SuffiCIent water to sustam ItS phySIOlogIc processes wIthout loss m
yIeld

TYPIcally, the crop's root system normally extracts progressIvely less \\ater WIth
mcreasmg soIl depth because rootmg densIty decreases WIth depth and a\ adable
SOlI-water decreases WIth depth as salt concentratIOn mcreases Therefore, the
frequency of IrngatIOns would Ideally be determmed by the total soIl water
potentIal m the upper rootzone where the rate of water depletIOn IS greatest The
amount of water to apply also depends on the stage of plant development and the
salt tolerance of the crop and, consequently, should be based on the status of the
soIl-water at deeper depths In early stages of plant development It IS often
deSIrable to lITIgate to bnng the soli to 'field capacIty' to the depth of present
rootmg or Just beyond Eventually, however, excess water must be applIed to
leach out salts accumulated m the profile to prevent salt concentratlOns from
exceedmg tolerable levels Thus, the amount of \\ ater reqUIred IS dIctated by
volume of soIl reservOlr In need of replemshment and the level of SOlI sahmty In

the lower rootzone

33 Dramage and Its Reuse for IrrigatIOn

For any lITIgatIOn area to remam VIable In the long term dramage (eIther natural
or artIfiCIal) must be able to cope WIth the \'waters percolatmg beneath the
lITIgated land WIthout such dramage, ground waters eventually rIse to levels
that cause the rootzone to become water logged or saIIruzed In additIOn to
excess ramfall, contnbutIOns to deep percolatIOn come from leachmg water,
leakage m the dlstnbutIOn system, and waters mvadmg the lITIgated area from
elsewhere Management practICes whIch reduce these contnbutIOns also usually
reduce the degradatIOn of the waters that receIve It Such practIces mclude
Increasmg IrngatIOn effiCIency, adoptIOn of the concept of 'mInImIZed leachmg',
and InterceptIOn and reuse of sub-surface draInage flows for ImgatIOn or
dIverSIOn to appropnate waste sItes

WIth the mmImized leach,::J.g ap}lrGa.C~l, til\.. alUI I::> IO mdKe lne maxlmuru use 01

each volume of the applIed lITIgatIon water In evapotranSpIratIOn, thus prodUCIng
rmrumum dnnnl'lge I'Ind salt r~t".r:: 'nn,,,,:,-,; t.~;:: J,uJilagc ..vate! CQ.U 1,- UAl!""rl - ... " >';
such as by groundwater pumpIng or tIle-draInage, It IS often of a quahty WhICh
permIts reuse on lmgated crops of lugher salt tolerance It IS often feasIble to
substItute salme dramage water for some of the conventIOnal lITIgatIOn water In a
'cyclIc' reuse strategy wluch also mvolves the rotatIon of salt tolerant crops and
salt sensItIve crops

The cyclIc reuse strategy succeeds because (1) preplant and InItml lITIgatIOns of
the tolerant crops are made WIth the lower salImty \\ater, thereby leachIng salts
out of the SOlI III the vlclmty of the emergIng seedlmg, the dramage water bemg
substItuted after seedlIng estabhslunent, (ll) the ma.Xlffium SalInIty In the
rootzone pOSSIble WIth long-contInued use of the more salme dramage water
does not result smce It IS used for only part of the rotatIOn, and (m) the salt
accumulated ill the soIl profile from lITIgatIOn WIth the draInage water IS leached

10



I
I
I
I
1
1
I
I
1
I
I
I
I
1
I,
I~....

I:
I
I
I

Sy stem Management
Module 2-2

out dunng the subsequent penod of lITIgatIOn of a sen~ltlve crop wIth lower
sahruty water In sItuatIOns where the normal \\ater IS of partIcularly low

sahruty, crustmg and permeabIlIty problems rna\ de\ elop, If Its electrolyte

concentratIOn IS too low for the level of soIl SOdIClt\ developed dunng the penod
of lITIgatIOn WIth dramage water

An alternate strategy often advocated, IS to dIlute the dramage \\aters wIth better
qUalIty waters and to use the blend for lITIgatIOn In fact thIS IS the process
operative when dramage waters move by dIffuse flow back to nver or
groundwater systems Whether by mtentIOnal blendmg or by dIffuse flow, thIS
process of blendmg generally reduces the supply of water sUItable for lITIgatIOn,
espeCially when the dramage water salmlty IS hIgh In attemptmg to meet
tranSpIratIOn, a plant can only extract soIl-water up to ItS tolerance of salt
concentratIOn (thIS determmes the usable portIOn of the blend), the remammg
water IS unusable and must pass once agam out of and beyond the rootzone,
often dlsplacmg or dlssolvmg more salt m the process Thus, any addItIOn of salt
to a water supply reduces the degree to v.hlch It can be consumed m crop
growth In terms of crop productIOn, greater fleXIbIlIty and use of the total water
supply can be achIeved by mterceptmg and keepmg dramage waters Isolated
from surface or ground\\ater supplIes of better qualm

Reuse ofa dramage Hater for irngatzon elentualh mel cases as salmltv to the
pomt that further reuse is no longer pOSSible and a must be disposed ofby some
means

3.f Momtormg for salmi!) control

The proper operatIon of a vIable, permanent lITIgated agnculture, espeCially
when usmg salme waters, reqUIres penodlc mformatIOn on the levels and
dlstnbutIOn of SOlI salImty WIthm the rootzones and fields of the lITIgatIOn
prOject The salt level wIthm the rootzone must be kept below harmful levels
DIrect momtormg of rootzone salmIty IS recommended to evaluate the
~ff::ct. ~ncss of VarIOUS management plOguilHS The ~1:1dPC of lllt: S<lllmLy-aClJul
rplatlOn of the soIl profile and mformatlon on water table depth proVIde dIrect
yfnrmat!on 011 the adequacy oft.lJ.e Imgatlon/dramage :;jS~Cl'

Changes m soIl sallTIlty can be detenmned from penodic measurements made (1)
on extracts of soIl samples, (n) on soIl water samples collected m situ, usually
WIth vacuum extractors, (111) m soIl, usmg buned porous sallillty sensors whIch
unbibe and eqUIlIbrate WIth the SOlI water, and (IV) m soIl, usmg four-electrode
probes, or (v) remotely by electromagnetIc mductIOn techrnques

EspeCially useful IS measurement of the SOlI-water solutIOn electncal
conductIvIty (ECss) smce It IS a measure of both SOlI-water content and SOlI-water
salmlty SoIl salImty m lITIgated agnculture IS normally low at shallow soIl
depths and mcreases through the rootzone Thus measurements of ECss m
shallow depths of the soil profile, made over an lITIgatIOn cycle, are mdlcatlve of
changmg SOlI water content there, while measurements of ECss deeper m the

11
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profile, v.. here lIttle water uptake occurs are more mdicative of salImty
accumulatIOn

DepletIOn of soIl-water to a set-pomt level, depth of \\-ater penetratIOn from an
IrrIgatIOn or ramfall, and leachIng fractIOn can all be determmed from ECss

measurements made WIthIn the rootzone over time However, measurements of
both volumetrIc soIl-water content and SOlI-water salImty, from whIch the total
water potentIal can be estImated, are more Ideally sUIted for these needs

4 LEACHING OF ACCUMULI\TED SALTS

4 1 Leachmg Practices

Leachmg has to be earned out to mamtaIn a favorable salt balance In the soli To
mcrease the effiCIency of leachmg the followmg practIces are suggested

• Leachmg should be carned out mtemllttently and not contInuously
Expenence has shown that unsaturated flo",", of\\ater through the soIl profile
IS more effectIve m leachmg salts than IS saturated flow

• There IS no need to apply the leachmg reqUIrement dunng each IrngatIOn
Leach \\hen soIl salmIt\ levels mdicate It IS needed, partIcular!) at CrItIcal
growth stages

• To benefit from the local ramfall carry out leachmg dunng the cool wmter
season Applymg leachmg water Immedlatel:- pnor to the arrIval of a low
pressure \\lave and ram fills the rootzone and allows all of the ramfall to be
used for leachmg

• For heavy soIls WIth low mfiltratIOn rates, It IS best to carry out the leachmg
process after SOlI plowmg and seedbed preparatIon In the fall season

• Use salt tolerant crops, whIch reqUIre a small percentage of IrngatIOn water
for leachIng purposes

• Use spnnkler or mIcro-spray ImgatIOn for leachmg SprInkler or micro
~pray l1ngatlOl1 applIcatIons can be adjusted to ensure unsaturated flow of
water In the SOlI profile Spnnkler or mIcro-spray IS also SUItable for
u(\..,,'slUDal h~dl,'l1 .:, or ~ahs from areas Irngated by tnclQe lrngatlon

• AVOId long perIods of fallow to nurnmize salt accumulatIon m the root zone
by capIllary movement of salts upward from lower, more salme soIl
mOIsture zones If a long fallow penod IS necessary, perIodIcally tIll the soIl
to break. up capIllarIes, whIch reduces evaporatIOn and salt movement

• CultIvate SOlI to mmimize surface cracks and to Improve the water
mfiltratlOn rate ThIS wIll mcrease the effiCIency of leachmg

4 2 Leachmg FractIOns

WIth every ImgatIOn a certaIn amount of salts IS brought to the soIl Crops
absorb water added by IrngatIOn and/or ramfall leavmg behInd the salts that
were m the ImgatIOn water Soluble salts mOve WIth ImgatIOn water and there
should be an addItIOnal amount of water, more than that needed by the crops, to

12
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caIT) mg the salts out ot the root zone The proportion of excess \\ater needed as
related to the total depth of lITIgatIOn \\ater applIed, IS termed the Leachmg
FractIOn (LF)

In order to mamtam a constant salt balance m the soIl, the total volume of salt
carned out \\ Ith the dramage \\ ater must equal the total" olume of salt added to
the SOlI-\\ ater solutIOn from all sources the lITIgatIOn water, addltl\ e~ such as
fertIlIzers, and salts dIssolved from natIve soIl matenal Leachmg fractIons vary
accordmg to the crop, total quantIty of salts added to the soIl-water solutIOn, and
the frequency of lITIgatIOn

The LF IS determmed from FIgure 1 The curve labeled "conventIOnal lITIgatIon'
IS used where the SOlI IS allowed to dry out between IrngatIOn, 1 e, where
sIgmficant total attractIon forces (soIl partIcle and salt) occurs Most surface and
spnnkler IrngatIOn methods are conSIdered conventIonal lITIgatIOn MICro
lITIgatIOn managed such that the rootzone dnes slgmficantly between lITIgatIOns
should also be conSidered conventIOnal lITIgatIOn

The cun e labeled hIgh frequency lITIgatIOn IS used \\ here the rootzone soIl
does not dn out sIgmficanth between lITIgatIOns

It IS not unusual for salts entenng the sOlI-\\ater solutIOn from sources olher than
lITIgatIon \\ater to be slgmficant For thIS reason It IS best to determme leachmg
fractIOns and leachmg schedules by penodlca1l1 momtonng the salmlt\ levels of
the S011-\\ ater solutIOn at dIfferent depths of the crop rootzone

13
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FIgure 1 Leachmg fractIOn based In ImgatIOn frequency and rootzone
concentratIOn factor
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Crop v.ater reqUirement
IR =

5 1 - LF

The total seasonal lITIgatIOn reqUIrement the crop demand plus trc leachIng
reqUIrement IS

900
IRs = 1- 0 09 =989 0 mm

ConventIOnal IITIgatlons

900
IRs =1- 0 02 =918 4 mm

HIgh Frequency lITIgatIOns

Note that for a seasonal crOD reOlllf"'mf''1t of 900 mm IITlO;:l·P,.] WIth \ :>tr>r ()t 1 ")• , u

dS/m, 18 4 mrn of water for hIgh frequency lITIgatIOns and 89 mm of water for
conventIOnal ImgatIOns are needed for l~achmg purposes f"C!ch season to
mamtam a sOlI-water solutIOn salt balance havmg a salImtv level of 1. 5 dS/m

From the figure, LF = 0 02, and LF = 0 09 for hIgh frequenC\ and eli '1\ entIOnal
lITIgatIOns, respectivelY

USE OF SALINE IRRIGATIO"" \VATER

CASE STllD't, LEACHI""G FR.\CTIO"IJ

Determme
• Compare leachmg fractIOns and the total seasonal \.\ ater reqUIrements IRs, for

hIgh frequency and conventIOnal, low frequency lITIgatIons

Known Data

• Sahmty of aVailable lITIgatIOn \\ ater = EC = 1 :2 dS 'm
• MaxImum deSIred sahmty of sOlI-\\ater solutIon = ECe = 25 dS/m
• Crop water reqUirement per season per dunum = 900 mm

Solution

The LF IS determmed from FIgure 2 For thIS example,

F =ECe =2 5 =2 08
c Ee

J
1 2
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FIgure 2 Leachmg fractIon based on lITIgatIOn frequency and rootzor
concentratIOn factor
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MICRO IRRIGATION SYSTE\lS

CROP WATER REQUIREME"TS

[Supplemental]

1 h TRODl CTiON

Crop water use results m the transfer of salt-free water to the atmosphere, thereby
concentratmg the remammg salts m the soIl solutIOn Mamtenance of a favorable
root enVIrOnment reqUIres the replemshment of soIl mOisture as It IS used Thus, crop
\\ater use IS the baSIC factor determmmg lITIgatIOn water reqUIrements

An estImatIOn of a crop's water use rate IS needed to

• Mamtam the proper level of mOIsture In the sol!
• SIze lITIgatIOn system components (pIpes, valves, pumps, etc ), and
• Operate and manage the ungatIOn system

2 DEFI'IITIONS

E, apotranspnatlOn (ET, mm/day) Water IS transferred to the atmosphere by dIrect
e\ aporatIOn of solId and lIqUId water from soIl and plant surfaces as \\ ell as b\
transpuatIOn Smce these processes each mvolve e\ aporatIOn and are not easlh
separated they are combmed and called evapotranspiratIOn

TranspIratIon (T, mm/day) The evaporatIOn of\\ater from a plant surface that goes
dlr<>ctly mto the atmosphere or mto mtercellular spaces and then b\ dIffuSIOn
t11. ugh the stomata to the atmosphere

Reference EvapotranspIratIOn (ETm mm/day) Reference ET IS defined In terms of
two crops, alfalfa and grass For both reference crops the estlmated ETo assumes the
plants are dIsease free, actIvely growmg, completel) shadmg the ground, and not
short of water

Crop Coefficlent~(l(C, deCImal) The relatIOnshIp between the ET of a soeclfi" rrnn

at a speCIfic tIme m ItS growth and the ETo leads to crop coeffiCIents

KC= ET
ETo

ConsumptIve Use (CU, mm/day) Includes water used m all of the plant processes
(dIgestIOn, photosynthesIs, transport of mmeral and photosynthates structure
support, and growth) as well as dIrect evaporatIOn from soIl and plant surfaces CD
exceeds ET by the amount of water used for plant processes Smce thIS dIfference IS
usually less than one percent, ET and CD are normall) assumed to be equal

EffectIve PrecIpItation (Pe' mm/day) Ramfall that IS useful or usable m any phase
of crop productIOn In and zones, SOlIs tend to accumulate salts m the root zone
Where salt accumulatIOns occur, Pe should not be conSIdered m determmmg crop
water reqUIrements Often the lITIgatIOn system must be operated dunng ramfall
events to keep salts away from plant roots

I
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Leachmg Fraction (LF, decimal or mm/da)) The amount ot \\ater th:r must £10\\

through the root zone to remove accumulatmg salts Leachmg \\ ater IS m e'\.cess of
ET reqUlrements LF IS usually expressed as a deCImal portIOn ot ET

3 FACTORS AFFECTING PLANT WATER REQUIREMENTS

The ET rate IS affected by many factors, the most Important are the leaf area stage of
crop growth, clImate, and SOlI

• TranSpIratIOn rates vary durmg the season and wIth the stage of crop growth,
even though the evaporatIve demand may be nearly constant The leaf area
mcreases as the plant grows, offermg a larger transpmng surface As the plant
ages, older leaves transpIre less and there are fev. er new leaves, the ET rate
decreases for most annual crops

WIth some annual crops, gram for example, the transpiratIOn rate mcreases from
the sproutmg of the seed through the dough stage then decreases as the gram
ripens Other annual crops, green omon tor e'\ample do not shov. a decrease m
transpiratIOn rate near harvest If the evaporative demand remams con~tant

• The most Important chmatlc factor affectmg e\ apotran:,plratlOn IS solar
radIatIOn It IS the source of energy necessary to transtorm \\ater fro1'1 a lIqUId to
a vapor m both plants and SOlI AIr temperature humldm ramfall and \\ md
also mfluence evapotranspiratIOn for a gr'ven crop

• SOli factors affectmg evapotranspIratIOn mclude the \\ ater holdmg capacIt) m
the root zone SOlI temperature, and salt concentratIOn m the SOlI \\ ater v.. hen
the SOlI IS near field capaCIty, plants can obtam v.ater v.lth relative ease, but as
salls approach the wdtmg pomt, It become more difficult for the roots to obtam
v.ater for transpIratIOn EvaporatIOn from the sallIS greater \\hen the surface IS
wet and only a partIal crop cover eXIsts than when the surface begms to dry
SoIl temperature affects the VISCOSIty of the water m the SOlI, the vapor pressure
and the abJ1Ity of the roots to absorb water Lack of adequate SOlI aeratIOn v. III
~lOW root and top grow1h ana thus mdlrectly hmlt the transpIratIOn rate

l,9 ~-:;,th (one t"nJl<ltlons 01 ::>c1!t 111 , 1f' SOli ~an kIll tne plant and stop transplrat on
entrrely In lesser amounts, It makes the plant roots do more work obtammg
water and reduces the evapotranspuatIOn and growth rates of the plant It
increases the ImgatIOn reqUirement of a field because addItIOnal ImgatIOn water,
in excess of that needed for evapotranspIratIOn, must be apphed to leach or
remove salts from the root zone

4. DIRECT MEASUREMENT OF EVAPOTRANSPIRATION

DIrect measurement technIques mvolve Isolatmg a portIOn of the crop from Its
surroundmgs and determmmg ET by measurement The manager of a tTlckle
ImgatlOn system seldom can JUStIfy the tIme or funds requIred to deterrnme the rate
of evapotranspIratIOn that occurs m rus area for varIOUS crops Instead he must rely
on the results of local studIes, publlshed results from studIes m other areas of SImIlar

2
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climatIc, and theoretIcal estlmates HOVve\ er he should be aware of the problems
technIques, and relIabIlIty of VarIOUS p;ethods used to determme or measure
evapotranSpIratIOn m order to evaluate the relIabIlIty and applIcabIlIty of publIshed
ET data to hIS area

Bottom of
Reat ZoneLDPGW

ET P Soil"'\
A I Surface \-----4----==4- RO l'.,....:::::.:....:-=:r=---+-----t---- I

I I
I I
I I
I I
I I

I

+LI ~LO
I I
I I

: : Control
I I Surface
: [I :L ~

Where I = depth of lITIgatIOn em, P = preCIpItatIOn or ramfall, cm, SFI = surface
flow mto the control volume cm, LI = subsurface lateral flow mto the control
volume, cm, GW = ground \vater seepage mto the control volume, em, ET =
evapotranspIratIOn, cm, RO = surface tlow out of the control volume, cm, LO =

subsurface lateral flow out of the eonliOl volume, cm, LF = leachmg fractIOn
cm, and DP = deep percolatIOn (1 e , downward movement of water from the
control volume m excess of that needed for leachIng), cm

4 1 ConservatIOn of Mass Techmque

The most WIdely used dIrect measurement techmques are based on the
conservatIOn of mass pnnciple The equatIOn definmg the conservatIOn of mass
pnnciple for the control volume m FIgure 1 IS

Inflow - Outflow = liS = Drz (8vf - 8VI)

Where Inflow and Outflow = total flow mto and out of the control volume
respectIvely, dunng the tIme mterval bemg consIdered, em, liS = change m soIl
mOIsture withm the control volume dunng the tIme mterval bemg consIdered
cm, Drz = depth of root zone (belo\\ soIl surface), cm, and 8vf, 8\1 = SOli

mOIsture contents by volume at end (final) and begmnmg (mitIal) of the tIme
mterval bemg consIdered, respectlvel) deCImal

Inflo\', = I + P - SFI + LI + G\\

Outflo\\ = ET ..l... RO + LO + LF ..,... DP

[
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FIgure 1 Sketch defimng the consen anon of mass pnnciple for a control
volume
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Combmmg the mtlcm and outflo\\ equatlOns gl\ es the final equatIon

ET = I -+- P - SFI - LI + G\\ - RO - LO - LF - DP - Drz (evf-8\l)

The accuracy of ET estImates obtaIned Vvith thIS equatIOn IS usually 10\\ because
It IS generally dIfficult to control and/or measure one or more of the terms In the
equatIOn

SoIl MOlsture SamplIng

SoIl samples taken at 1\\ a dIfferent dates and dned m an 0\ en at 105°C are used
to determme the decrease In SOlI mOIsture ThIS IS called gravImetrIC SOlI
mOlsture samplIng A temperature of 105°C IS used for dryIng the soIl to ensure
that only soIl water IS e\ aporated At hIgher temperatures the soIl organIC matter
starts to bum and there IS more \\-eight lost, caUSIng a VvTong measure of SOlI
water More recently neutron and other types of SOli mOlsture probes have been
used extenSIvely and generally result In more relIable data The rate of
evapotranspIratIon IS calculate USIng the follOWIng equatIOn

n

W I68 v1 X ~Sl
ET = -rr = .:..-1=:...:...1 _

LlT 6T

\\ here ...1T = (T~ - T I) tIme mten al bet\\ een san1 phng date::, (usuall) da\ s) \\ I:T

= \\ater used In e\ apotranspiratlOn mm I = an mde'\ n = number of soil la\ ers
under conSIderation, 6S1 = thIckness of the I-th la\ er mm and ,\8\ I = (8 1 - 82)

\olumetnc change m sol! mOIsture 8 1 and 82 are \olumetnc \\ater contents on
samplmg days I and 2 respectl\ el\ deCImal

When usmg gravimetnc samplIng procedures the soIl mOIsture IS usually
e\.pressed as a percentage on a dry -\\ eIght baSIS eD and must be com erted to a
volumetnc baSIS by mulnplymg by the bulk. densIty Ps of the soIl

8 _ eD
v - Ps 100

The first set of samples IS usually taken 2 to 4 da\ s after an IITIgatlOn, and the
second set 5 to 10 days later, or Just before the ne\.t lITIgatIOn

EvapotranspIratIOn rates can be rehably determmed by soIl samplIng If adequate
precautIOns are taken

• At least 6 sample SItes representatIve of general field condItIOns are used, a
mIrumum of4 may be adequate when USIng a neutron meter

• The depth to the water table should be much greater than the root zone
depth

• Only take SOlI samples when raInfall IS absent If there IS raInfall after the
first sample IS obtamed, samplIng must be redone or the ET calculatIOn
WIll be In error, the calculated ET value WIll be low

• Over Irngation and dramage are mInImIZed b\

• gIVing the preplant IITIgatlOn at least 10 day Sbefore planting,

4
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• apph 109 less \vater at each lITIgatIon than the amount that could be
stored 10 the soIl,

• takmg the first sOlI sample at least 2 days after a normal or lIght
IITIgatlOn \\hen ET IS small, \\-aIt longer than 2 days If a hean
lITIgatIOn IS used, and

• consldenng only the actIve root zone depth 10 ET computatIOns

5 ESTIMATI~G EVAPOTRANSPIRATION

EstImates of ET are reqUIred m areas where measured ET data are not avaIlable
Several theoretIcal and empIrIcal equatIOns have been developed for computmg crop
ET These estImatIng procedures are based on the correlatIOn of measured ET With
one or more clImatIC factors

The estlmatIng methods commonly used In Jordan (lIsted alphabetIcal and not In

order of preference) are

• Blaney-Cnddle
• Hargreaves
• Pan EvaporatIOn method
• Penman-MonteIth
• RadIatIOn

These fi\ e methods conSIder the effect of clImate on crop \\ ater reqUIrement and use
mean dmh clImatIC data for 30 day or smaller penods ETo IS expressed m mm per
day and represents the mean value over the penod chosen for use The selectJf'\n of
method to use must be based on the type and accuracy of clImatIC data avallab. and
on the accuracy reqUIred m determmIng water needs ClImatIC data needed for the
dIfferent methods are

Method TOe HumIdIty Wmd Sunshm Radiation Evap EnVIr
e

Blaney-Criddle * + + + +
IHargreave~ - ~ --- --- -- - -

* +
Pan EvaporatIOn + + * *
-;PI!rn~ 11-Morn Fnh * * '" * ~ I"-

RadiatIOn * + + * x +
(*) measured data, (+) estlmated data, (x) used If aVailable but not essentIal

5 1 Blaney-Cnddle Method

The Blaney-Cnddle method IS based on the pnnclple that ETcrop IS proportIOnal
to the product of day length percentage and mean monthly au temperature It IS
useful where only temperature data are avaIlable and other parameters can be
general estImates Estimates should be made on a monthly basIS

Eto = ab + bb x f (mm/day)

5
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a =00043 x RH - ~ - 141
b mn N

bb =082 -00041 x RHm, + 107 ~ +0006 x [ll ,l J, - RHm,(~ + 01 XU"")]

f= Pr(O 46 Ta + 8 13)

nIN = 2 0 (RS/RA) - 0 5

RHmn = [eO(Tdew)/eO(Tmax)] X 100

Where Pr = mean dally percentage of total annual day tIme hours for the gIven
tIme penod, usually I month, n = sun shme hours dunng the day, N = potentIal
sun shme hours durmg the day, RHmn = mmimum dally relatIve humIdIty, Ta =
average dally alr temperature, °C, Uda\ = daytIme wmd speed, m1sec, RS = short
wave (global) radIatiOn measured at the sOlI surface, cal/cm2/day, RA
extraterrestnal radIatIon (outSIde the atmosphere), cal/cm2/day, and eO =
saturatiOn vapor pressure at the temperatures gIVen, mbar

The Blanev -CrIddle method should only be applIed for perIods of one month or
longer, 10 humid, \\1Odv, and mId-latitude \\-mter conditiOns an oyer and under
estimatiOn of up to 25% has been noted The Blane\ -CrIddle method has pro\ en
to be \en accurate for the Jordan Valley, hO\\e\er It must be calIbrated Gnen
Its comple\.1t\ It IS not sUitable for use bv those \\Ithout access to the reqUired
weather data It \,,,111 not be dIscussed further

5 2 Hargi ea\ es Method

The Hargreaves method uses the maXImum and mInImUm temperature and
latItude It IS accurate m locatIOns where solar energy IS the pnmary factor
determmmg ET, such as the Jordan Valley

ETo =00023 x RA(T + 178) x TDo 5

Where ETo = average daily reference crop evapotranspIratIon, mm1day, RA =

eAt.r.teITes~i"lal radiatICll ,n eqUIvalent water e\ aporatlOn per day dl 20 "c,
mm1day, T =mean dally temperature, °c,

T= Trnx +Tmn

2

Tmx and Tmn = mean daily maxImum and mmimum temperatures, °c, and TD =

average daIly temperature range for the penod conSIdered

TD =Tmx - Tmn

ExtraterrestrIal radIatiOn can be calculated for any penod throughout the year

RA = 1567 DR [OM*S1O(Lat)*Sm(Dec) + Cos(Lat)*Cos(Dec)*Sm(OM)]

6
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""here Lat = latItude m radians (l radIan = 57 295S degrees) Dec = declmatIOn
m radIans, J = Juhan day (Januaf) 1 = 1), DR = rdat1\e dIstance of the sun from
the earth and OM = the sunset hour angle m radIan:> for Lat < 55 0

Dec = 0 40876 * Cos{O 0172142 '" (J + 192)}

DR = 1 0 + 0033 * COS(O 01-:142 * J)

OM = Acos {-Tan(Lat) * Tan(Dec)}

The Hargreaves equatIOn IS a good method for areas WIth au temperature data
onh There IS lIttle need for local calIbratIon It can under-estlmate III ven
humId clImates because Tm" and Tmn may differ httle so that ETo goes to'\\ard
zero The method IS not very accurate for the day s of major weather changes but
usually proVIdes satIsfactory results when T °c and TD are averaged 0\ er
penods of five or more days

The Hargreaves method IS appropnate for use m the Jordan Valley For eaSIer
use of the ET0 equatIOn Table 1 gIves the square root of TD values expected m
the Jordan Valley FIgure 2 presents annual RA \alues for the MIddle Jordan
Valle\ a\erage ""eeldy or monthl) values can be reJd from the figure The error
III u..,mg RA \ alue~ from the MIddle Valle) for the entIre \ alley IS less than 20

0

Table 1 Square roots of nU'11bers

Square Square Square Square
No root No root No root 'Jo root

5 2236 525 2291 55 2345 575 2398
6 2450 6 "r 2 500 65 2 550 6 75 2 598-)

7 2646 725 2693 75 2739 775 2784
8 2828 825 2872 85 2916 875 2958
9 3000 925 3041 95 3082 975 3 123
10 3 162 1025 3202 105 3240 10 75 3279
11 .., "17 1 1 ..,,, 3 :: '"'11 1 1 , .., "01 11 75 3428( L -' oJ.-'

12 3464 1225 3500 125 3536 1275 3571
13 : 606 13 ...,~ .., j;"A() 11'- ., 67 1 13 75 3708I I v ~ II ~ ~ I-
14 3742 1425 3775 145 3808 1475 3841
15 3873 1525 3905 155 3937 1575 3969
16 4000 1625 4031 165 4062 1675 4093
17 4 123 1725 4153 175 4 183 1775 4213
18 4243 1825 4272 185 4301 1875 4330
19 4359 1925 4388 195 4416 1975 4444

20 4472 2025 4500 205 4528 2075 4555

21 4583 21 25 4610 21 5 4637 21 75 4664

22 4690 2225 4717 225 4743 2275 4770

23 4796 2325 4822 235 4848 2375 4873
24 4899 2425 4924 245 4950 2475 4975
25 5000 2525 5025 255 5050 2575 5074

7
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5 3 Pan EvaporatIOn Method

EvaporatIOn pans provIde a measurement of the effects of radiatIOn, wmd,
temperature and hmmdity on evaporatIon from a specIfic open water surface In
a sInnlar fashIOn the plant responds to the same clImatIc varIables but several
factors may produce sIgmficant dIfferences In loss of water Reflection of solar
radIatIon from a water surface IS only 5-8 percent, from most plant surfaces
reflectIon IS 20-25 percent Storage of heat ~lthm the pan can be appreCiable and
may cause almost equal evaporatIOn dunng mght and day, most crops transpIre
only durmg daytime Also, differences m water losses from pans and crops can
be caused by dIfferences m turbulence, temperature, and humIdIty of the air
Immediately above the surfaces Heat transfer through the SIdes of the pan can
occur Also, the color of the pan mfluences measured results, especIally when
the pan IS placed m fallow rather than cropped fields
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Not Wlthstandmg tl1Lse deficiencies \\1th propl.r ~J1J[1g the L1~1. of pJn~ !L) preJILt
crop water requIrements for penods of 10 da: s or longer IS stIll warranted From
the many dIfferent types of pans, the US Class \ pan IS commonh used 111

Jordan and IS presented here 1

To relate pan evaporatIOn to ET0' empmcalh dem cd coefficIents are gn en that
take mto account clImate and pan enVIronment ET0 can be obtamed from

ETo = Cpan x Epan

where Epan = pan evapotranSpIratIOn representmg the mean dally value for the
penod consIdered, mm/day, and Cpan = pan coefficIent for the Jordan Valle}
Cpan ranges between 073 and 0 75

CP'1Il values relate to unscreened pans located m an open agncultural area/field
wIth no plants or structures taller than one meter wIthm 50 m of the pan The
ImmedIate surroundmg SOlI surface, \\<lthm 10 m of the pan, IS covered b\ green
frequently mo\\ed grass cover or IS left bare

• Where pans are placed m a small enclosure but ~urrounded by tall crops for
e'{ample 25m hIgh maize, the coefficIent \\ 111 need to be mcreased b\ 0 0.+
to 0 08

• The Cpan \alues of 073 to 075 apph to gahamzed pans annualh pamted
\\Ith alummum LIttle dIfference m Epan \vlll ~ho\\ \\hen mSlde and outsIde
surfaces of the pan are pamted \\ hIte An Increase m Epan of up to 10
percent ma\ occur \\hen thev are pamted black The matenal from v,hlch
the pan IS made rna: account for vanatIOns of onh a few percent

• The level at v.hlCh v.ater IS mamtamed m the pan IS very Important errors
may be up to 15 percent when the \\ater level In the pan falls 10 cm belo\\
the accepted standard of between 5 cm and 7 5 cm below the nm

• A screen mounted over the pan will reduce Epan b} up to 10 percent In an
e!1deavor tV aVOId pans bemg used by birds ror dnnkmg, a pan fi1led to the
nm WIth water can be placed near the Class A pan bIrds may prefer to use
the fully filled pan

• TurbIdIty of the water m the pan does not affect Epan data by more than 5
percent

• Overall vanatlon m Epan IS not constant WIth tIme because of agmg,
detenoratlon, and repamtmg

I The Class A evaporatIOn pan IS cIrcular, 121 cm m dIameter and 25 5 cm deep It IS
made of galvarnzed Iron (22 gauge) or monel metal (08 mm) The pan IS mounted on
a wooden open frame platform wIth ItS bottom 15 cm above ground level The SOli IS
bUIlt up to WIthm 5 em of the bottom of the pan The pan must be level It IS filled
WIth water 5 cm below the nm, and the water level should not drop to more than 7 5
em below the nm Water IS regularly renewed to ehmmate e'{treme turbIdity A
galvamzed pan IS pamted annually WIth alummum pamt

9
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The Pan method can offer results wIth a pos~lble error of 15~o depending on the

locatIOn of the Pan, Its condItIon, and the care \\lth \\hICh measurements are
taken When locally calIbrated, ETo values calculated from Pan readings are
accurate enough for ETcrop estimatIOns

5 4 Penman-MonteIth Method

The Penman-MonteIth method IS suggested for areas where measured data on
temperature, wmd and sunshme duratIOn or radIatiOn are a\ allable and accurate
Compared to the other methods, It has the potentIal to be the most accurate

The Penman-MonteIth equatIOn conSIsts of tv. a terms an energy (radIatiOn) term
and an aerodynamIc (v.md and humIdIty) term The relatn,e Importance of each
term vanes WIth chmatic condItIons Under \vmd: condItIOns partIcularly m the
more and regIOns, the aerodynamIC term becomes relatI\ ely more Important

The procedures to calculate ETo usmg the Penman-\1ontelth equatIOn are
complIcated ThIS IS because the formula containS components whIch need to be
calculated from other measured clImatIC data ",,,hen there are no dIrect
measurements of a needed vanable For Instance for places v.here no dIrect
measurements of net radIatIOn are aVailable, there mav be measured solar
radIatIOn, sunshme duratIOn, or cloudmess obsenatIOns from v.hlch net radIatIOn
can be estImated The sub-equatiOns are length\ and are not mcluded m thIS
module

The Penman-MonteIth equatIOn IS wrItten

ETo = c[W x R n + (1- W) x f(u) x (ea - ed)]

radIatIOn aerodynamIc term
term

where ETo = reference crop evapotranspIratiOn mm/da\ W = tempf'f'1tlJrf'
related weIghting factor, ~ = net radIatIOn m eqUIvalent evaporatIOn, mm1day,
feu) = WInd related functIOn, (ea-ed) = dIfference between the saturatIOn vapor
i'reSSL;:~ nt the mean aIr temperature and the mean acmal vapor pressure ot the
aIr, both m mbar, and c = an adjustment factor to compensate for the effect of
day and mght weather condItIOns

When accurate data IS avaIlable and local calIbratiOn IS obtamed, the Penman
MonteIth method offers the best results WIth a maxImum pOSSIble of error of
plus or mmus 10% m summer and up to 20% under Io\\- evaporatIve condItIons
ThIS equatIOn IS not practIcal for use by farmers and calculatIOn of ETo by trus
method wIll not be dIscussed

5 5 RadIatIOn Method

ThIS method IS suggested for areas where available chmatIc data mclude
measured aIr temperature and sunshme, cloudmess or radIatIOn, but not

10
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measured \\ md and humIdIt\ Knov" ledge of generalle\ cis of hUIllldlty and \\. md
IS reqUIred and these are to be estImated usmg publIshed weather descnptIOns
extrapolatIOn from nearly Vl-eather statIOns or from local sources

The relatIOnshIp representmg the mean ETo \ alue 0\ er a gIven penad IS
expressed as

where ET0 = reference crop evapotranspIratIOn for the penod conSIdered,
mm/day, 1\ =solar radIatIOn In eqUIvalent evaporatIOn mrnIday, W =weightmg
factor whIch depends on temperature and latItude, and c =adjustment factor that
depends on mean humIdIty and daytIme wmd condItIOns R, IS gIven by the
equatIOn

where nIN = the ratIO between actual measured bnght sunshme hours and
maXImum pOSSIble sunshme hours, RA = the amount of radIatIOn receIved at the
top of atmosphere expressed as umt eqmvalent evaporatIOn, mmJday

The RadIatIOn method should be more relIable than the Blaney-Cnddle
approach In extreme condItIOns, the method m\ 01\ es a pOSSIble error up to
20% m summer ThIs method also reqmres access to data not commonl~

a\aI1able to farmers, calculatIOn ofETo by thIS method \\111 not be dIscussed

6 SELEC1 ON OF CROP COEFFICIENT

The five methods dIscussed m the prevIOUS sectIOn estImate the effect of clImate on
ETo To account for the effect of crop charactenstics on ''later reqUIrements, crop
coeffiCIents, KC are used to relate ETo to crop evapotranspIratIon, ETcrop The KC
value relates to evapotranspIratIOn of a dIsease free crop grown m large fields under
optImum soIl water and fertIlIty condItIons and achIevmg full productIOn potentIal
under the gIVen PlOwmg enVlronmpnt FTcrop can be found b)

ETcrop = KC x ETo

Each of the five methods predIcts ETo and only one set of crop coeffiCIents IS
reqUIred

FIgure 3 Illustrates where In the growth cycle the KC values apply Table 2 dIscusses
deterrmmng the begmmng and endmg of growth stages

Table 3 gIves KC values for crops commonly grown ill the Jordan Valley
ApproXImate ranges of seasonal ETcrop for dIfferent crops are gIven m Table 4 The
magmtudes shown WIll vary WIthm these ranges accordrng to the factors dIscussed m
the next sectIOn

11



fIgure 3 GeneralIzed crop coefficIents and crop growth stages
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B C
Crop growth stages

Initial
growth

Table 2 Stages of crop development and KC values

A

1-------;) KG1

Rapid
growth Mldseason

KC Growth stage DescnptlOn
values

KC I lrutIal GenmnatlOn and early growth when the soIl
(A to B) surface IS exposed (ground cover:$; 10%)

KC1 to RapId growth From 10% ground cover to attamment of 70-80%
KC2 (B to C) ground cover or peak: water use

MId season From attaInment of 70-80% ground cover to start
KC2 (C to D) ofmatunng, nonnally well past the flowenng

I ~l.dgt. u; al1lJ.ual Ctops
KC2 to Late season IFrom when water use begInS to declme untIl full

__KS- tnt,." ~\
,_ \.'V" ...... , • :"~tw / I)' ',It .... , <ind warer _'se ceases

KC3 Harvest (E) The end of the water use season
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Table 3 Crop coefficIents, KC, for use \\ Ith ET0 estimates

Crop KC 1 KC KC3

Alfalfa 040 - 0 50 1 00 - I 40 095 - 1 35
ArtIchoke 090 - 1 00 095 - 1 05 090 - 1 00

Asparagus 025 - 0 30 095 025

Banana 040 - 0 65 1 00 - I 20 075 - 1 15
Barley 025 - 0 30 1 00 - 1 10 o10 - 0 20
Beans (green) 030 - 0 40 095 - 1 05 085 - 0 95
Beans (dry) 030 - 0 40 1 05 - 1 20 025 - 0 30
Beets (table) 025 - 0 40 1 05 - 1 20 025 - 0 30
Cabbage* 030 - 0 50 095 - 1 10 080 - 0 95
Cantaloupe o15 - 0 40 1 00 - 1 10 030 - 0 90
Carrots 040 - 0 50 105 075
CitruS** 065 065 - 0 75 065
Com (sweet) 020 - 0 50 1 05 - 120 095 - 1 10
Cucumber 020 - 040 090 - 1 00 070 - 080
DecIduous orchard, clean 05 085 - 1 20 050 - 085
DecIduous orchard, "WIth 075 - 0 85 1 10- 1 25 070 - 1 10
cover crop
Egg plant 025 - 050 095 - 1 10 080 - 0 90
Grape 020 - 050 074 - 0 85 020 - 0 45
Lettuce 020 - 030 085 - 1 05 045
OlIves 060 080 080
Omons (dry) 040 - 0 60 095 - 1 10 075 - 085
Omons (green) 040 -0 60 095 - 1 05 095 - 1 05
Pea (fresh) 040 - 0 50 1 05 - 1 20 095 - 110
Pepper (fresh) 030 - 0 40 095 - 1 10 080 - 0 90
PIstachIo 010 110 035
Potato 040 - 055 1 10 - 1 20 040 - 0 75
RadIsh 020 - 0 30 080 - 0 90 075 - 085
S!71nach ') 2C (\ .., (\ () 0< 1 ()J::. () ()() 1 /'of).

~ .JV v ./-' ... ~ v-J V./V 1 vv

Squash 020 - 0 40 090 - 1 00 070 - 080
To_b..acco 030 - 0 40 100 120 075 - 085--- - ----~-
Tomato 025 - 050 105 - 1 25 060 - 0 85
Watennelon 025 - 0 50 1 00 - 1 10 020 - 0 70
Wheat 020 - 0 40 1 05 - 1 25 020 - 0 30

* Includes other crucIfers such as cauhflower, broccoh, and Brussels sprouts
** Add 0 20 to 0 25 for cover crop or Ifno weed control

13
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Table 4 -\.pproxlmate range of seasonal ETcrop

Crop ET~rop (mm) Crop ETcrop (rom)

Alfalfa 600 -1500 Omon 350 - 600
Avocado 650 - 1000 Orange 600 - 950
Banana 700 - 1700 Potato 350 - 625
Bean 250 - 500 Sweet potato 400 - 675

Date 900 - 1300 Tobacco 300 - 500

DecIduous tree 700 - 1050 Tomato 300 - 600

Grams (small) 300 - 450 Vegetable 250 - 500
GrapefruIt 650 - 1000 Vmeyard 450 - 900
MaIze 400 -750 Walnut 700 - 1000

6 1 Factors mfluencmg KC and yETcrop values

The factors fall mto the broad categones of plant charactenstIcs, clImate tIme of
plantmg, and frequency of water appltcatIOns

• The effect of crop charactenstics on the relatIOnshIp bet\\een yETcrop and
ETo can be sIgmficant WIde vanatIOns bet\\een major groups of crops are
largeIv due to the reSIstance to transpIratIOn of dIfferent plants such as
waxv leaves (CItruS)

• DIfferences m crop \ anety can cause dIfferences m crop heIght, roughness,
reflectIon, and ground cover, wluch produces vanatIOns m ETcrop

• For hIgh evaporatn e condItIOns (1 e , hot, strong wmds and low humIdIty)
ETo values up to 14 mm/day and ETcrop values up to 17 mm/day may be
realIstIC, partlcularl) for small fields m arId areas that are strongly affected
by dry wmd condItIOns However, wIltmg of crops may occur under such
condItIOns and may result m ETcrop values well below ETo

• PartIcularly followm!?: sowmg and durmg the early growth stag~, the
frequency ofram or lITlgatIOn IS Important

• Gefleral clImatIC CO'1dltIOns, espeCIally wmd and humIdIty, are TO be
conSIdered, compared WIth a smooth grass cover, wmd Will affect the rate of
tranSpIratIOn of taller crops more due to aIr turbulence above the rougher
crop surface The effect IS more pronounced m dry than m humId clImates
and KC values for rougher crop surface are therefore greater m dry clImates

• ETcrop IS the sum of transpIratIon by the crop and evaporatIon from the SOlI
surface, Es0I1 Durmg full ground cover evaporatIOn IS neglIgIble, Just
followmg sowmg and dunng the early growmg penod Eso11 may be
conSIderable, partIcularly when the soIl surface IS wet for most of the tIme
from ImgatIOn and ram

• TranspIratIOn and e\ aporatlOn are governed by dIfferent phySIcal processes
However, for the crop growmg season ESOll forms part of ETcrop and the

14
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coeffiCIent relatmg ETo and Es0I1 IS part of the appropnate crop coefficIent,

KC

• The values ofKC largely depend on the level ofETo and the frequency wIth
,\-hlch the soIl IS wetted by ram and/or lrngatron KC values have rather
sharp mcreases followmg ram and IrngatIOns, wIth a less sharp but marked
dechne aften\-ards untIl the next ram or lITIgatIOn To sImplIfy applIcatIon
average KC values are used Some compromIse m accuracy by not
dlfferentIatmg between vanous sOlI types has been accepted

15



C.:\LCLL·HION DATA

Tornata planted September 11 at Deu Alla total season 180 da" s (about 26 \\ eeks)
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CROP WATER REQLIREMENTS

CASE STUDY

KC
Stage length

(days)Growth stage
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• Column 5 = Column 4 + 17 8

025
025 - 1 05

1 05
1 05 - 0 60

35
45
70
30

ImtIal
RapId growth
MId season
Late season

ETa = 00023 X RA(T + 17 8) X .JTD

ETa =00023 X Column 1X Column 5 X Column 7

• Column 9 IS filled by estImatmg values from FIgure 5, whIch IS drawn usmg
values gIven m the calculatIOn data, whIch come from Table 3

• Column 10 = Column 8 X Column 9

• Column 11 = Column 10 X 7 days/week

• The annual and crop \'veeks are tak.en from the calendar for the entIre crop
season

• Column 1 IS filled m by estimatmg RA "\ alues from FIgure 2 Use the center of
each \\eek as an average value for that v'Ieek. FIgure 4 sho\\s ho\\ the RA "\alue
for the first \\ eek IS estImated from the graph

• Columns 2 and 3 are taken from local "\\eather data a farmer rna" have hIS own
maXImum and mInImUm thennome, o;;:rs

• Column 4 IS calculated usmg

• Column 6 = Tmx - Tmn

• Column 7 IS filled usmg Table 1 to estImate the square roots of the values m
Column 6 Table 5 shuw'~ how the square root of the TD value for the first week
IS estImated from the Table

• Column 8 IS filled usmg values from Columns 1,5, and 7 m

WEEKL" ET0 DETERMIN.:\nON

Table 6 presents the calculatIOn results The Table IS completed as follows
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FIgure 4 Annual extraterrestnal radIatIOn vahws fClr the MIddle Jctdar ":llIcJ
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Crop season weeks

Table 5 Square roots of numbers

FIgure 5 Crop coefficIent curve for fall planted tomato at Deir Alla

C D
- II ~

- ~I
1\

- I lsi-
- '- \1
- V-

~~-
t/-- E- ...,f-

I

- L
- J-

- 8,'-
A I

I I I I I I I I

Square Square Square Square
No root No root No root No root

5 2236 525 2291 55 2345 575 2398
6 2450 625 2500 65 2550 675 2598
7 2646 725 2693 75 2739 775 2784
8 2828 825 2872 85 2916 875 2958
9 3000 925 3041 95 3082 975 3 123
10 3162 10 25 3202 105 3240 1075 3279
11 3317 11 25 3354 11 5 3391 11 75 3428
12 3464 1225 3500 125 3536 1275 3571
13 3606 13 25 3640 135 3674 13 75 3708
14 3742 1425 3775 145 3808 1475 3841
15 3873 1525 3905 155 3937 1575 3969
16 4000 1625 4031 165 4062 1675 4093
17 4 123 1725 4153 175 4 183 1775 4213
18 4243 1825 4272 185 4301 1875 4330
19 ..]. 359 1925 4388 195 4416 1975 4444
20 4472 2025 4500 205 4518 2075 4555
21 4583 2125 4610 21 5 4637 21 75 4664
22 4690 2225 4717 225 -+ 743 22 75 4770
23 4796 2325 4822 235 4848 2375 4873
24 4899 2425 4924 245 4950 2475 4975
25 5000 2525 5025 255 5050 2575 5074

025

050

1 00

1 25

S\ stem Management
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Table 6 Weekly ETcrop values for fall planted tomatoes at Delr Alld Jorddn, e~tlmated USIng the Hargreaves equatIOn

Column I 2 3 4 5 () 7 8 9 10 II

Annual Crop RA Tmx TUlI1 T TD ETo ETcrop ET"op
week week mOl/day °C DC DC 11-178 ''( rDO ~ mm/day KC mOl/day 1l1/1l/wk

37 I 14 1 365 22 I 293 47 I 144 379 58 025 1 5 105
38 2 135 LO 4 24 I 323 50 I 163 404 63 025 I 6 112
39 3 130 355 23 I 293 47 I 124 352 50 025 I 3 9 I
40 4 123 33 I 204 268 446 127 356 45 025 I I 77
41 5 I I 7 323 187 255 433 116 368 43 025 1 1 77
42 6 II 2 31 6 199 258 436 II 7 341 3 8 031 I 2 84
43 7 105 31 2 192 252 430 120 346 36 043 I 5 105
44 8 100 279 155 21 7 395 124 352 32 056 1 8 126
45 9 95 252 158 205 383 94 307 26 068 1 8 126
46 10 90 21 6 88 IS 2 330 128 3 58 24 080 1 9 133
47 II 85 250 11 I 18 1 359 139 3 73 26 093 24 168
48 12 82 24 1 II 7 179 357 124 3 52 24 1 05 25 175
49 13 79 237 121 179 357 116 340 22 1 05 23 16 1
50 14 77 208 109 159 337 99 3 I') 19 105 20 140
51 15 76 174 90 132 31 () g" 2 lJO 16 105 I 7 119
52 16 76 163 85 124 302 78 279 I 5 105 I 6 II 2
1 17 77 17 I II I 14 I 319 60 245 14 105 I 5 105
2 18 78 197 11 I 154 332 86 293 I 7 1 05 1 8 126
3 19 8 I 166 89 128 306 77 277 I 6 105 I 7 11 9
4 20 85 195 II 4 155 333 8 I 284 I 8 1 05 I 9 133
5 21 88 192 103 148 326 89 298 20 I 05 2 I 147
6 22 94 205 95 150 328 110 332 24 I 00 24 168
7 23 100 184 11 5 150 328 69 263 20 094 I 9 133
8 24 105 177 84 13 1 309 93 305 23 084 I 9 133
9 25 11 0 22 1 130 176 1') " C)J 102 27 073 20 140--- - --
10 26 117 197 117 157 33 5 80 283 26 063 1 6 112
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MICRO IRRIGATION SVSTE\IS

IRRIGATION SCHEDULING

[Supplemental]

1 IntroductIOn

IrngatIOn schedulmg IS the accurate forecastmg of water applIcatIOn (m tImmg and
amount) for optlmal crop productIOn A good lITIgatIOn schedule consIsts of three
basIc elements correct tlmmg of apphcatIOns~supplymg the proper amount of water,
and dIstnbutmg water umformly To obtam the best response~ IrngatIOn v.ater should
be applIed to the mdividual field or sectIOn of a field accordmg to the needs of the
crop gro\\-mg thereon, deSIred soIl mOIsture levels~ sOII-\\-ater salImty leyeIs~ and
ramfall e\ ents The IrrIgatiOn water reqUIrement IS usually expressed m mm/day or
IIllTh month

When for example the IrrIgatiOn water need of a certam crop grown 111 a hot dry
climate such as the Jordan Valle) IS 8 mm/day, thIS means that each da\ the crop
uses \\ater eqUIvalent to a layer 8 mm deep 0\ er the area co\ enng the crop rootzone
-\n IrrIgatIOn \vater need ot 8 mm/day ho\\ever does not mean that thIS 8 mm has to
be supphed bv IrngatIOn e\ er) day although wIth mIcro Irngatlon S) stems \\ ater
could be gl\ en dmh The 11 ngatIOn mten al has to be chosen such that the crop \\ III
not sutfer from \\ater shortage bet',\een lITigations -\s \\ dl be explamed btel thIS
depLlld~ on ClOp and sod lhalaltenstlcs

Replemshment of the SOlI mOIsture used m crop evapotranspIratiOn (ET) IS the largest
component of the \\atC! reqUIrement E\apotranspllatlOn results m the transfer of
~alt-tree water to the atmosphere thereby concentratmg the remammg salts m the soIl
solutlOn Another source of salts m Irngated solls IS the IrngatIOn water Itself all
IrrIgatIOn waters contam some salts The amount of water reqUIred for leachmg IS
dIrectlv proportIOnal to ET and the concentratIOn of salt m the lITIgatIOn 'vater and
mverseh proportIOnal to the salImty tolerance of the crop Mamtenance of a
favorable root enVIronment reqUIres the penodlc lemO\ alar leachmg of accumulated
salts

Irl1ganon water ReqUirement (lR, mm/day) Is defined as the depth of \\-ater
needed to meet the water loss through ET of a dIsease-free crop, growmg m large
fields under non-restnctmg soIl condItIons mcIudmg soIl water and fertilIty, and
achlevmg full productIon potentIal under the growmg enVIronment

IR = ET-Pe +LF
Ea

EvapotranSpIration (ET, mm/day) Water IS transferred to the atmosphere by dIrect
evaporatIOn of solId and lIqUId water from soIl and plant surface as \\ ell as by
transpIratIOn of the plant Smce these processes each mvolve evaporatIOn and are not
eaSIly separated, they are combmed and call evapotranspIratIOn

1
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Effectl\ e PreCIpitatIon (Pe' mm/day) Ramfall that 1~ useful or usable m any phase
of crop productIOn In and zones, solIs tend to accumulate salts m the root zone
Where salt accumulatiOns occur, Pe should not be conSIdered In determInIng crop
\\ater requIrements Often the 1mgatIOn system must be operated dunng rainfall
events to keep salts away from plant roots

Leachmg FractIon (LF, decImal or mm/day) The amount of water that must flow

through the root zone to remove accumulatIng salts Leachmg water IS m excess of

ET reqUIrements and flows downward through the root zone carrymg away
accumulatmg salts LF IS usually expressed as a decImal portIOn ofET

IrrIgatIOn Water ApplIcatIOn EffiCIency (Ea, decimal) It IS not practIcal to apply
IrrIgation water perfectly, without losses or mIsapplIcatIOns Ea IS a measure of the
degree of mefficlency m the ImgatIOn water applIcatIOn system and must be mcluded
m the calculatIOn of lITigatIOn water reqUIrements The Ea can be determmed from a
system evaluatIOn

2 F <\.CTORS EFFECTll'IjG IRRIGATlOl'Ij SCHEDULI1'IG A"D ApPLlc.\TlON A'\IOL "ITS

In pnnclple the amount of 1rngatlOn water gn en m one IrngatlOn apphcatlOn
(IrrIgatIOn depth) IS the amount of VI ater used b\ the phnts smce the pre\ lOUS
1ITlgatiOn for some lfllgdtlOlb a leachmg reqUIrement ma\ be added The ma\.lmum
amount that should be gl\ en has to be determmed and IS mfluenced b\ the factors

• SOlI te\.tures and depths
• sod mOIsture content
• crop groVlth stage and 100tmg depth
• sod-\\atel solutlOn sallmty, and
• IITlgatiOn method

2 1 SOIl Texture

The soIl texture mfluences the maXImum amount of water that can be stored m

the soIl per meter depth Table 1 gIVes the ranges m \\ater holdmg capaCIty for
different SOlI textures Sand) sOlIs have alow aVC1llauk Wdler wment, It Will be
necessary to Imgate frequently With a small amount of water Clay has a high
aVaIlable water content, a larger amount car be gl' e'1 but 1e3S frequently

The depth of each solI layer also effects the quantity of water that can be stored
m the root zone For example, loam and sandy SOlIs can hold 167 mm and 83
mm of water per meter of depth, respectively If the loam IS 0 25 m deep and
underlam by 0 75 m of coarse sand, the total water holdmg capacity for 1 meter
of soIl profile IS 104 mm

(025 x 167)loam + (0 75 x 83)sand =104mm

2 2 SOlI MOIsture Content

When schedulmg an lITIgatIOn, one must conSIder the quantIty of water
remammg m the soIl that IS aVaIlable to the plant Remember that a knowledge
of the quantity of water m a soIl reveals nothmg about ItS relatlOnshlp to plant

2
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1 For more mfonnatlOn see Module 2-1, Sod-Water System
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When there IS a water shortage, drought senSItIve crops of hIgh economIC value
should be gIven pnonty Table 3 shows selected crops WIth theIr senSItIvIty to
water shortages In general, the mId-season stage IS the most sensItrve to water

145 to 208 183
133 to 208 192
167 to 250 208

33 to 62 42
62 to 104 83
104 to 145 125
125 to 192 167

SOlI Texture

Table 1 Range m a\ all able \\ ater-holdmg capacIty of sOlIs of dIfferent te'\ture

Water-holdmg Capacity
Range A" erage
mm/m mm/m

Very coarse - very coarse sands
Coarse - coarse sands, fine sands, and loamy sands
Moderately coarse - sandy loams
MedIUm - very fine sandy loams, loams, and sIlt
loams
Moderately fine - clay loams, silty clay loams, and
sandy clay loams
Fme - sandy clays, SIlty clays and clays
Peats and mucks

If the storage capacity of a soli, at a glyen le\ el of depletlOn can retam an
lITlgatlOn of about 25 mIllimeters m the root zone and an IITlgatlOn of 50
mIllImeters of \\ater IS applIed the mefficlenc) m lrngatlOn and \\aste of \\ater
IS apparent

InformatlOn IS needed about the rate at which \\ater IS used from the soil b"
e\ apotransplratlOn and the amount of water that can be u~efull} stored In the SOIl
root zone The difference m \'vater content of the soIl bd\\een two succeSSl\e
measurements represents the evapotransplratlOn m a known time mterval A
succeSSlOn of soIl-water quantIty measurements made over an extended perIod of
time provIdes mformatlOn on the water-use rate m the area studIed

performance until It IS callbl ated m terms of the \\ ater-retentlOn properties of the
particular sad lin 01\ ed I Smce all sOlIs differ m \'vater-retentlOn charactenstlc<:;,
thiS cahbratlOn IS required tor every sOlI of a different type eXlstmg on a farm

2 3 Rootmg Depth

The rootmg depth of a crop also mfluences the ma"dmum amount of \\ater that
can be stored In the rootzone If the root system of a crop IS shallow lIttle water
can be stored m the rootzone and fiequent, bue small, IrngatlOn applIcatlOns are
needed WIth deep rootmg crops more water can be taken up and more water
can be applIed less frequently Young plants have shallow roots compared to
fully grown plants Thus Just after plantIng or sowmg, the crop needs smaller and
more frequent water applIcatIOns than when It IS fully developed Table 2 gIves
the effectIve rootIng depths for most crops FIgure 1 IS a general root growth
curve that can be used to estimate the crop root depth at dIfferent tImes m the
season

I
I

~,

I~

I~

I~

t
~ I

1-
I~

1
I
I-
I

l .J

11
~

I~
J

~

~

~
I~

I
I



I
System \Ianagellen

I~
Module:: of

Table 2 Effective crop rootmg depths *

I Root depth Root depth
Crop (m) Crop (m)

I
Vegetables Field Crops
ArtIchoke 06 to 09 Alfalfa 1 2 to I 8
Asparagus I 2 to 1 8 Barley 09 to I I

I Bean (dry) 06 to 1 2 Beet (sugar) 06 to 1 2
Bean (green) 05 to 0 9 Com (field) 06 to 1 2
Beet (table) 04 to 0 6 Pastures 03 to 0 8

I. BroccolI 06 Peanut 04 to 0 8
Brussels sprout 06 Safflower 09 to 1 5
Cabbage 06 Sorghum 06 to 0 9

I Cantaloupe 06 to 1 2 Soybean 06 to 09
Carrot 04 to 0 6 Tobacco 06 to 1 2

I
CaulIflower 06 Wheat o8 to 1 1
Celen 06
Chard 06to09 Permanent

I
Com (s\\eet) 04 to 0 6 A.lmond 06 to 11
Cucumber 04to06 Apple 08 to 1 .2
Egg plant 08 Apncot o6 to 1 -+

I Lettuce 0:2 to 0 5 A.\ acado 06 to 0 9
OnIon 03 to 0 6 Banana 03 to 0 6
Parsmp 06 to 0 9 Bernes 06 to 1 :2

I Pea 04 to 0 8 Chelry 08 to 1 :2
Pepper 06 to 0 9 CItrUS 09 to 1 5
Potato (In~h) 06 to 0 9 Date >2 1

I Potato (sweet) 06 to 0 9 FIg 09
Pumpkm 09 to 1 2 Grape 05 to 1 .2

I
RadIsh 03 OlIve 09 to 1 5
Spmach 04 to 0 6 PassIOn frUlt 03 to 0 5
Squash 06 to 0 9 Peach 06 to 1 .2

I
Stru" berry 03 to 0 5 Pear 06 to 1 2
Tomato 06to12 Plum 08 to 1 2
Turmp 05 to 0 8 Walnut 1 7 to 2-+

I Watermelon 06 to 0 9

* ApprOXImately 80% of the feeder roots are In the top 60% of the root zone In a
deep, umfonn, well-dramed soli profile SoIl and plant environmental factors

I often offset nonnal root development therefore, SOIl denSIty, pore shapes and
Sizes, SOIl-mOIsture status, aeration nutritIOn, texture and structure modificatIOn
soluble salts, and plant root damage b\ organisms should all be taken Into account

I shortages and the late-season stage IS the least sensItIve To plan water

I
applIcatIOns under these condItIOns some crop speCIfic mformatIOn IS needed

Annual crops have four growth stages

I • lrutlal - from SOWIng to 10% ground cover,

• Crop development - from 10% to 70% ground cover,

I 4
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For more mformatIOn see Module 2-2, Use alSalme IrrrgatlOn Water

51 stem \ _lngcll1\.nt
\lvdule24

• MId-season - flowenng and trUIt ~ett111g Jnd
• Late-season - npenmg and han est

10020 40 60 80
TIme, % of growmg season

FIgure 1 General seasonal root gro\\1h CUl\ e
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WIth every IrngatIon a certam amount of salts IS brought to the soIl Crops
absorb water added by lITIgatIOn and/or ramfall, leavmg behmd the salts that
were m the IrrIgatIOn water Soluble salts move \\ Ith lITIgatIOn water and there
should be an addItIOnal amount of water, more than that needed by the crops, to
carrymg the salts out of the root zone The proportIOn of the excess water
needed, as related to the total depth of lITIgatIOn water applIed, IS termed the
Leachmg FractIOn (LF) Leachmg fractIOns based on the qualIty of the lITIgatIOn
water, the allowable soIl-water solutIOn salImty level, and the frequency of
lITIgatIOns are found usmg FIgure 2 The quantIty of salts m the IrrIgatIOn water
and soIl-water solutIOn IS measured by the electncal conductIvIty of the lIqUIds
and expressed as decI-Slemens per meter (dS/m)

2 -+ SOIl-Water SolutIOn SalImty2

The sum of the force \\ 11h whIch watel IS held b) soIl particles and the torce at
attractIOn by salt IOns m the soIl-water solutIon IS the total force mOIsture stress
plants must exceed to obtam water These are the factors that decrease the
aVaIlabIlIty of soIl mOIsture to plants below the Ie, el of aVaIlabIlIty of pure water
under normal atmosphenc condItIOns In schedulmg lITIgatIOns '\lth salme
water, the total mOIsture stress must be kept m mmd
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Table 3 Cntlcal gro\\1h penods where mOIsture stress adverse1\. affects yIeld

S" stem Management
Module 2-4

In order to maIntaIn a constant salt balance In the soIl, the total \olume of salt
carned out wIth the draInage water must equal the total \ olume of saIt added to
the soIl-water solutIOn by the lITIgatIOn water addltI\es such as fertIlIzers, and
salts dIssolved from natIve solI matenal It IS not unusual for the quantIty of saIts

entenng the soI1-\\ater solutIOn from non lITIgatIOn source~ to be sIgmficant
Leachmg fractIOns \ ary accordmg to the crop total quant1t\ of salts added to the
sOlI-water solutIOn, and the frequency of IrngatIOn It IS best to deterrmne
leachmg fractIOns and leachIng schedules by penodically morntonng sOlI-water

solutIOn salmlty levels at dIfferent depths of the crop rootzone

6

Brush
PollmatIOn and pod development
Pod enlargement
Head development
Head development
Root enlargement
Head development
Sllkmg and tasselIng ear de\elopment
Flowenng and fruIt development
rIO\'Vel1ug anel frun develOpment
Head development
Flo" enng and fr"ht C~ .elopment
Bulb enlargement
Flowenng and pod fillIng
Flowermg and frUIt development
Tuber set and tuber enlargement
Root enlargement
Root enlargement
Bud development and flowenng
Early flowermg, frUIt set, and enlargement
Root enlargement

Cntical growth penod for mOIsture stress

After cuttmg
Throughout
Shootmg and earIng
FlowerIng and earh graIn formatIOn
Flo\\ermg through dough stage

Flo\\ enng perIod and frUIt fillIng
Flov,enng and yIeld formatIOn

Vegetables
Asparagus
Bean LIma
Bean Green
BroccolI
Cabbage
Carrot
Cauliflower
Corn
Cucumber
Eggplant
Lettuce
Melon
Oman, dry
Pea
Pepper
Potato, whIte
Potato, sweet
RadIsh
Squash, summer
Tomato
Turmp

Crop

Alfalfa
Banana
Barley
Maize
Wheat

CItruS
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System \tanagement
\1odule 2-4

2 5 lITIgatIOn Method

lITIgatIOn method can be a lImltmg factor when determmmg the maXImum
amount of water that can be applIed durmg one ImgatIOn ThIS IS partIcularly
tme for surface lITIgatIOn on a small-scale (small water flows and small fields)
For mICro lITIgatIOn systems small flo\\s are not problematIc but large flows can
be MICro s\ stems are deSIgned for frequent applIcatIOns of small flows but
cannot supply the large flows needed for mfrequent long-mtena1 lITIgatIOn
schedules
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1 2 3 5
Rootzone concentration factor, Fe

FIgure 2 Leaclung fractIOn based on IITIgatlop frequency and rootzone
concentratIOn factor

Research shows that full coverage of the rootmg zone WIth lITlgatlon v.ater IS not
necessary for optImum productIOn ThIrty to 50% root zone wettmg has been
recommended for tnckle lITIgatIon, hIgher values are used for some tree crops
The proportIon of the crop root zone wetted (pw)' IS used to adjust the schedule
for tnckle lITIgatIOn, whIch wets only a portIOn of the root zone

DETERMINING IRRIGAnON SCHEDULES

lITIgatIOn depth and/or the lITIgatIOn mterval vary WIth crop development At the
begmrnng of the grOWIng season, the amount of water per ImgatIOn IS small and
gIven frequently ThIs IS due to the low evapotranspIratIon rate of young plants and

7
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System '\bnagement
r..lodule 2-4

their :::.hJllo\\ root depth DUrIng the mId-season the lITIgatIOn depth should be larger
anJ gl\ en less frequenth because the evapotranspiration demand IS hIgher and the
root depth IS at ma\.lmum

Vv hen micro IrngatlOn methods are used It IS possIble and practIcal to van both the
IrrIgatl('ln depth and mten 3.1 dUrIng the IrrIgatIOn sea,ol1 \\ lth mIcro IrrIgatIOn It IS
Just a matter of turnmg on the tap longer/shorter or less Imore frequently ThIs
flexlbIlI1" IS aVailable to those farmers III the Jordan Valle) ""ho use pools to store
water between delIvenes For fanners dependmg upon pressure from the water
delIvery pIpelIne, no pools the lITIgatIOn depth and mterval are kept nearly constant
over the growmg season because of the JVA rotatIOn delIvery schedule

Developmg the basIc IrrIgatIOn schedule IS a systematIc process that need not be
comple\. InformatIOn needed m addItIOn to the phYSICal parameters are

• Daily evapotranspIratIOn rate (ETd) - calculated or estImated based on
clImatIc factors Module 2-3 Crop Hafel ReqUlrements presents a
dIScussIon of tills tOpIC In place of ET_ SOlI mOIsture levels mav be
measured and used to estImated soIl mOIsture depletIon rates

• \fanagement alJo\\ed defi~It (MAD) - the proportIon of the a\aIlable
\\ater held m the root zone that IS allo\\ed 10 be depleted before IrngatlOn
\\ ater IS apphed \1 -\.D IS 2 functIOn of CIO;' \ alue and senslt1\ 11\ to \\ ater
defiCIt Table -+ '::> a gUIde ror selectmg \P.. D \ alues

Table 4 GUIde for selectmg management-alJo\\ed deficIt (MAD) \alues

Crop and rootmg depth MAD %

ShalJo\\-rooted hIgh value fruit and vegetable crops 25 - 40
Orchards I vme\ ards bernes and medlum-romed 10\\ crops 40 - 50
Forage crops gram crops and deep-rooted 10\\ \..10PS 50

I Some fresh fruit orchards reqUIre lower MAD values durmg fruit fimshmg for slzmg

~ I S) stem ApphcaLlon Rate

Farmers can use mformatIOn obtamed from a S)stem EvaluatIOn (Modllle
SerIes 3-1 to 3-4) to accurately determme the rate at ""hlch theIr system apphes
water The net applIcatIOn rate of the system, NR (cm/ill) IS found by

N R = EUxA

where A = applIcatIOn rate of the system, cmlhr, and ED = emISSIOn umformlty
based on the low quarter, expressed as a deCImal

The svstem applIcatIOn rate IS the amount of mOIsture that WIll be applIed to the
SOlI surface per hour of system operatIOn ThIS parameter IS determmed by the
type of emItters used and the pressure m the lateral lInes It should not change
dUrIng the crop season The system should not be deSIgned to apply water at a
rate faster than It can mfiltrate mto the soIl Table 5 gl\ es average mtake rates

8
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Table 5 MOIsture Intake rates for \. anous SOlI te'\tures

Svstem Management
Module 2 ~

1 3
1 1
75
03

Intak.e Rate (lR)
Range Average
(em hr) (cm/hr)

1 25 < IR
1 to 1 8

08 to 115
05to08

IR <0 1 to 0 5

SoIl Te'\ture

Loam\. sand sand
Sand\. loam
Loam sIlt\. loam
CIa\. loam sandy cla\. loam
Cia\.

where Td = average daIly tranSpIratIOn rate dunng the peak-use month, cm/da\.
LF =the leachmg fractIon, expressed as a deCImal fractIOn, ETd = conventIOnally
estImated evapotranSpIratIOn rate dunng the peak-use month, em/day, and Pd =
percentage of the SOli surface area shaded by crop canopy at mIdday (solar
noon), %

The rrngatIOn mterval \\ III change throughout the crop season as the rootmg
depth WhICh effects Id and the Td reqUIrements change II would be rounded
down to the nearest day, e g , II = 74 days \\ould become 7 days IfI l IS rounded

for \anous soIl te'\tures -\t these mtake rates \\ 1lcr \\ III not pond on the sot!
surface

The Pd can be estImated by mspectIOn SImply mark off the area allocated to a
tree or plant and observe the percentage of the area that IS dIrectly under the
plant canopy, see FIgure 3 A mature orchard usuall\ has a maXImum Pd ~ 80%

3 3 IrngatIOn Interval

The lITIgation mterval, II (days), IS calculated usmg

I = I d

I T
d

X (1 T LF)

3 2 IrngatiOn ApplIcatIOn Depth

The lITIgatiOn applIcatIOn depth Id (em) can be e::,tll11ated from the relation

Awe x M-\D x z x PI = \\
J 100

\'"here Id = depth of IrngatlOn, cm, Awe = a\ mlable \\ater capacIt), cm ill

(Table 1) MAD = proportlOn of Awe to be depleted before IrngatIon, % (Table
4), z = crop rootmg depth m (Table 2 and FIgure 1), and p\\ = percentage of the
crop area wetted expressed as a decImal fractIon of 0 01 to I, see FIgure 3 -\s
the crop rootmg depth changes through the e::.e<bon thL IJ \\-ould also change
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System \1anagement
Module 2-4

up the MAD IS Increased 1 e the soIl mOIsture depletIOn IS greater For
sensltl\e crops a hIgher MAD ma\ negativelv effect the YIeld

Effective ramfall IS not consIdered for productIOn S\ stems usmg plastIC houses
tunnels, or mulch because httle or no benefit IS receIved from ramfall Where
soIl salts must be consIdered open field lITIgatIOn must contmue dunng ramfall
events to keep the salts from bemg vvashed mto the root zone

Wetted Area

o¥-,L!--I<#UI---hI-&1~-::J-t+:'S+f\i)+-f-f>i~fOtH~-LateraI With
Emitters

FIgure 3 Percentages of wetted and shaded areas,
p ~ 30% and Pd ~ 55%

\I

3 4 lITIgatIOn Set Time

The lITIgatIon set tIme Tset (hr), IS the tIme penod the IrrIgatIon system must be
operated to apply the reqUIred quantIty of \\ater FolIO\\Jng on from the above,
the lITIgatIOn set tIme IS

T = I I x ET x (1 + LF)
sel N

R

- when Id IS known T,. IS

4 TOTAL MARKETABLE YIELDVS TOTAL WATER ApPLICATION

A conSIderable amount of research has been done on the yIeld ofa crop versus the
quantIty ofwater apphed Results from research done on two vegetables, which are
grown III the Jordan Valley, IS shown In FIgure 4 and Illustrates the followmg pomts

• DIfferent crops respond dIfferently to addItIOnal quantItIes of ImgatIOn water

• The deficIt lITIgatIOn range IS that part of the curve to the left of the peak yIeld
ThiS regIOn IS charactenzed by an Increase In marketable yIeld per addItional

umt of water apphed

10
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System Management
Module ~ 4

• The IrngatlOn optImum range IS \'Ihere hIgh yIelds are achle\ed, yIelds are
withm 100 0of the maXImum achIevable

• 25% and 35% deficIt lITIgatIOns \'1111 gIve 90% yIelds for lettuce and Chmese
cabbage respectIvely

• The OVer-lITIgatIOn range IS to the nght of the peak \ Ield value and IS
charactenzed by a reductIOn In marketable yIeld per addItIOnal umt of \'later
applIed

• Rates ofyIeld decrease caused by OVer-lITIgatIOn dIffer by crop

• For maXImum monetary return per umt of \Vater lITIgatIOn water applIcatIOns
should be III the defiCIt range, near the lITIgatIOn apphcatlOn reqUired for peak
yIelds

It IS apparent from the figures that more walel does not necessal tly
mean more yield

11
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S\stem ~lanagement

Module:2 .+

IRRIG.\TIO~ SCHEDl LI\G

C .\SE Sn D\ I

:2 1 -:;\ "kill appllcatlOn late

To prevent surface runoff the "y"tem application 1.ltL ..,hould not c\,cLcd tlK
mfihrdtlon rate of the 5011 hom Iable 5 the meldge mtiltratIOn rate of a loam
sOil IS 1 1 cm/hr

I"
I
I-

I
I
1=
I-
I-

I
I
I
I

1

1

2

GIVEN D.\.TA

Crop
Crop age
MaxImum rootmg depth
Rootmg depth,3 z
SoIl type
AvaIlable water capacIty, AWC
DIstnbutIOn UnIfOrmIty, DU
ImgatlOn method, hIgh frequency
ApplIcatIOn rate, A
Management allowed deficIt MAD
ProportIon of the root zone \\'etted, p\\
EvapotranSpIratIOn, ETd

Percentage of the sarI surface shaded Pd

MaXImum EC
l

allo\\ed
SalImt\ of IrrigatIOn ""atel Ee,
I = LC IEC

1 • I

Leach1l1g fractIOn LF trom FIgure 5

C\I (liI \IION \11 p"

Tomato
70 % of ~eason, peak. productIOn
12m
o82 x 1 2 = 0 98 m
loam
167 cm/m
70%
OR dnp 11l1e 40 em emItter spacmg
2 lph = I 25 cm/hr
25 %
40%
7 mm/da)
80%

:2 5 dS/m
235 d-:; m
1 06
o 15

N R = DU x A = 0 70 x 1 25 = 0 875 cmlhr

The system applIcatIon IS \\Ithm the a!lJ ,unce fOC ! the soIl III lake rau; NR \-\-ould
be calculated early m the season and assumed constant for the remamder of the
season Durmg desIgn the system aprhc~!Jol1 "'''lte sl-tould be specIfied to not
exceed the sOlI mtake rate

2 2 ImgatIOn applIcatIOn depth

I = Awe x MAD x z x P" = 16 7 x 25 x 0 98 x 0 4 =1 64 cm
d 100 100

If ImgatIOn occurs at the deSIred MAD, an applIcatIOn of I 64 cm IS reqUIred to
replemsh the water used from the root zone ApplIcatIOn of water In excess of
1 64 em wIll refill a larger portIon of the root zone than the 40 % deSIred and
could result m losses to deep percolatIon

, For 70% of the growth season the rooting depth IS about 820
0 (FIgure I), the maximum rootmg depth IS

taken from Table 2

13
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System Management
Module 2-4

2 3 IrngatIOn mterval

Td =0 I X ETd X (Pd )3 =01 x 07 x (80)o.j =063 cm/day

I 1 64
I = d = =2 3 days

I Td x(l+LF) 0 63x(l+0 15)

A 2 day ImgatIOn mterval should be used dunng thIS stage of the crop season
ThIS IS the tIme of peak water use and fruIt fillmg, the crop IS m a cnucal penod
and water shortage could adversely affect both qualIty and quantIty ofyIeld

2 4 ImgatIOn set tIme

T = I, X Td x (1 + LF) = 2 x 063 x (l + 0 15) = 1 66 hrs

• N 08~R

The lITIgatIon system should be operated for 1 66 hours or 100 mmutes

02

001

o005 "---..l.--.....-&.......I.......1......L-.~L...I..&o..l-\-l..&..2 .........~.l-3- .........---'-5---1...........--

Rootzone concentration factor, Fe

FIgure 5 Leachmg fracuon based on lITIgatIon frequency and rootzone
concentratIOn factor
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SYSTE\l PERFOR'IA1'cCE E\ .\LLATION EFFECTIVENESS, FOLLOW-UP SURVEY

System EvaluatIon
Module 3-0

lAS dId an ImgatIOn system perfonnance evaluatIOn on your farm The results of thIS
field work were reported to you The followmg questIons refer to thIs techmcal work

No
No
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Ye~

Yes

1 Yes No In your opmIOn dId the lAS adequately measure" and evaluate the
vanous components of lITIgatIOn system perfonnance

2 Yes No Was the technIcal mfonnatIOn presented to yOU m such a way that you
could easIly understand It?

., Yes No In your opmIOn did the lAS team have the techmcal skills to helpj

)' ou')

4 Yes '\0 Vvere the suggestIOns to Improve lITIgatIOn performance practlcaP

5 Yes No Did YOU put mto practice any ofthe system operatIOn, mamtenance
and management suggestlOns offered by the IA.S team?

As a result of the field ,,·ork, do )OU have a better understandmg of
6 Yes No the surface topography of the field evaluated and Its relatIOn to

IrrIgatIOn water management?
crop rootmg depths and plant water needs thru the season?
soIl mOIsture levels and abilIty of the soIl to hold water?
how much water was applIed and ItS relatIOn to IrrIgatIOn needs?
the penetratIOn of the water mto the SOlI profile by the 1ITIgat1011') _

the tImmg of thiS lITIgatIOn and/or knowmg when to lITIgate next?
the costs assocIated Wlth the lITlgatlon event?
how to Improve system performance III upcommg IrrIgatIOns?

TIlls form IS to be completed by tile farmer 2 - 3 'I1-eeks
after the EvaluatiOll Report has been delivered and
discussed with the farmer

We \\-ant to evaluate the effectl\eness of the techrucal serVIces proVIded by the lAS staff
The purpose IS to Improve the qualIty of our servIces Farmers, please respond to the
followmg questIOns wIth frankness and honesty Your responses are confidentIal

7

8

9
10

x

x 11

12
---=1~3

I
I
1--
I~

I
I=
I-

I
I
I
I
I,
Ir~

I

11
11
I
I
I

14 Yes No Were lAS staff courteous and respectful ofyou. your staff and your
farm?

Please feel free to offer addItIOnal comments

17
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System EvaluatIOn
Module 3-1

MICRO IRRIG.\..TION S\STE\IS

EVALUATIO~O"ERVIE\\

[Supplemental]

1 hTRODlCTION

The purpose of evaluatmg IrngatIOn systems IS twofold (a) To determme the
efficIency of the system as It IS bemg used and (b) To determme how effectIvely the
svstem can be operated and whether It can be Improved EssentIal parts of any
evaluatIOn are the IdentIficatIOn of areas for Improvement and development of a
program to Improve system operatIon Always keep In mInd that system operatIOn IS
composed of two parts (a) DelIvery of water through the phySIcal Infrastructure
(head umt pIpes, fittIngs, and emItters) and (b) Management of the system, when and
how long \\ater IS run through the system at each ImgatIOn

Svstem evaluatIOn Involves measunng condItIOns at one or more POInts In a field
selected to be typIcal or representatIve Value Judgments or addItIOnal measurements
must be made to correlate these data to an 0\ erall field

T/ze accuracy of most measurements Will seldom JllStif} calculatmg

effiCienCies to more t/zan J: 5 percent

A. fundamental dIfference e'(Ists m evaluatmg mIcro-IrrIgatIOn s\' stems as compared
to surface lITIgatIOn systems The concept of applymg a umfonn depth of water over
the entIre area IS m conflIct Y\ Ith the advantages of mIcro-lITIgatIOn A dlstmct
advantage for mIcro-lITIgatIOn IS to decrease the area of surface wettmg to mImmlze
the evaporatIOn from the soIl surface The \\ ater IS applIed to the area near the plant
roots and helps to mImmlze weed growth m areas between the plants In the
nonproductIve area by keepIng tills area dry Tills IS partIcularly Important In tree
crops where the water can be applIed near the tree, concentratmg plant roots In the
lITIgated area whIle not mhlbitIng growth and productIOn

~ I

Tnckle rrngatlOn systems delIver water slowly, usually at the soIl surface, from
tubIng :;:;!J;~~Y closely ~paced very S1TI:l11 outlets to create an essentIally
contInUOUs wetted lIne, or from more WIdely spaced emItters to create mtennlttent
wetted spots In practIce, at the peak water use deSIgn penod they are operated
frequently and so keep the central portIOn of the wetted SOlI bulb well above field
capaCIty on medIUm and fine textured SOlIs

2 SYSTEM EVALUATION DEFINITIONS

Apphcatlon EffiCIency (AE) IS the ratIO of the average depth of the lITIgatIOn water
Infiltrated and stored In the root zone to the average depth of lITIgatIon water apphed,
expressed as a percent ThIS term IndIcates the percentage of water applIed that IS
stored m the root zone for crop use It IS not useful m ewluatmg lrrzgatlOn system
ope! atzon In the field because hIgh effiCIenCIes can be obtamed by under-lITIgatIOn
even when water IS dlstnbuted very non-umfonnly
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S\stem E\aluatlOn
Module 3 1

Contammant RemQ\,al EfficIency (EIJ IS a measure of the suspended sohd::,
remo" al abIlIty of the filtratIon system, measures for both medIa and screen filters
should be made FIltratIOn IS an Important factor m the umforrmty of water
dIstnbutlOn,

The most Important cause ofemItter pluggmg IS suspended
sohds passmg the jiltratlOn umts

Percentage Emitter Pluggmg (EP) IS an IndIrect measure for assessmg the
effectlveness of a microlfngatIOn filtratIOn system The possIble sources of emItter
pluggIng are physIcal, chemIcal, and bIOlogIcal In nature In addItIOn, the degree of
emItter pluggIng can be used as a measure of the effectlveness of preventatIve
practices such as chemIcal water treatment

The maxImum allowable pluggmg percentage IS 20% for
row crops if the emltter spacmg IS deSIgned for 0 5 of the
dzameter ofthe Vtetted area

Statistical UmformIt) (Us) IS an estImate of the umformity of emItter dIscharge
rates throughout an eXIstmg micrOlrngatIOn system Usp measures the umformity of
emItter dIscharge \'\then emItter pluggmg IS mcluded

A statIstical umformIty of80% or greater IS requl1 ed before
fertilz::er mJectlOn through the lrngatlOn system IS
recommended

EmISSIOn UmformIt) (LV) IS a ratIo of a"erage lITIgatIOn v.. ater delIvenes, average
dehvery to the lowest one-quarter of emiSSlOn pOInts dIvIded by average dehvery to
the entIre field, expressed as a percent The ED IS a useful mdicator of the magmtude
of dIstrIbutIOn problems A low ED value mdlcates that losses due to deep
percolatIOn are exceSSIve If adequate Irngation IS applIed to all areas

Although the concept of low ED IS relatlve, values less that 67 percent are generally
consld':lc~ as wl.:i\..\..t:}!Lc1ule FUI t:x<UlliJlt:, If LIlt: Jt..~IreQ tiepm of mfiltrated water IS 4
mches and the ED IS 67 percent, the average depth mfiltrated must be 6 mches and
~he deep f-,;;:,::c1at'cn lC:;S wIll ~... ,., u ch,,:; ~-k, c. ,f drep percolatlOI1 1S lImlled b\
reducmg the applIed depth and the ED value IS low, the area reCeIVIng the low quarter
depth of1IT1gation Will be senously under lITIgated

The ED of new mstallatIOns may be close to 90 percent, but ED and the applIcatIOn
effiCIency (AE) usually declme apprecIably With contmued use, a more typICal value
ofabout 80 percent should be consIdered

Scheduhng Ratio (SR) IS a measure of the adequacy of lITIgatIOn schedulIng for
trickle Imgated fields The localIzed above field capaCIty conditlOn that IS usuall)
maIntaIned by frequent applIcatIons Imply that there may be contmuous deep
percolatiOn



Table I BeneficIal and non-beneficIal uses of on-farm lITIgatIOn water

S\ stem E\-aluatlOn
\lvdule 3-1

Irrigation Efficiency (IE) IS the ratIO of the volume ofv.ater that IS benefic .:'..11\. u:>ed
to the volume of IrrIgatIOn \\ater applIed Table 1 lIsts e\amples of bene:-dal and
non-beneficIal uses of lITIgatIOn water

I
I
I
I
I
1-,
I
I
I
I
I
I'
11

BeneficIal Uses
Crop transpIratIOn
Leaching requIrements
ClImate control
Weed germmatIOn
Packmg the soIl for harvest
PestIcIde applIcatIOns
FertIlIzer applIcatIons

l\on-Beneficlal Uses

Weed transpIratIOn
EvaporatIOn from a wet soIl surface
Leakage from pIpes and fittmgs
Surface runoff from over lITIgatIOn
Deep percolatIOn exceedmg leachmg reqUirements

3
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System EvaluatIOn
Module 3-2

\IICRO IRRJG ·UIO'\ S\ STE\IS

D·UA COLLECTlO,\

[Tramee GUIde]

1 INTRODUCTION

ThIS module WIll walk you step-by-step through collectIOn of the data necessary to
evaluate a tnckle lITIgatIOn system For the results to be meanmgful, reasonable care
must be taken m the data collectIon process Make sure the eqUIpment IS workmg
correctly and you are comfortable m Its use At all tImes thmk about the data you are
collectmg, If the data looks unreasonable recheck or redo the test If you determme
some data IS wrong durmg the analySIS phase It IS not easy to return to the field to
collect good data

In cases where the system \\alk-through IdentIfies substanllal defiCIenCIes (major
leaks m maIn or sub-mam pIpelInes, damaged or non-functIOnal eqmpment), It may
be best to end the evaluatIOn at thIS phase Identified major defiCIenCIes may need to
be corrected before a useful S} stem e"l, aluatIOn can be made

Throughout the data collectiOn process be obscn ant of the system record
descnptlOns of defiCienCies and parts that are workIng vl'ell Look at the crops and
sOils bemg lITIgated, clues on \\ater applIcatIOn ulllformitv, applicatIOn quantity, and
\\ater quaht) can be obtaIned These clues can be e"\plored In more detaIl durmg data
collectIon and analySIS

As Improvements are made to the IrrigatIOn s1'stem, additIOnal
samplmg of the system Will be needed to further refine operatIOn
and mamtenance practices Mallltamlllg lugh effiCiency IS an
ongolllg effort that reqlllres constant mOllltorlllg ami Improvements

2 MATERIAL REQUIREMENTS

2 1 Needed forms

2 1 1 Data collectIOn forms

212 SchematIC dIagrams showmg data collectIon pomts see followmg FIgures

2 2 Eqwpment needed

221 Pressure gauge (0-50 pSI range) WIth "T" adapters for temporary
mstaIlatIOn at eIther end of the lateral hoses

222 Pressure gauge (0-50 pSI range) WIth pItot tube for temporary InSertIOn Into
the manIfold or lateral hose

2 2 3 A stopwatch or watch wIth easIly VIsIble second hand

2 24 Graduated cylmder \\lth 250 ml capaCIty

2 2 5 MeasurIng tape 3 to 6 m long

2 2 6 Funnel WIth 8 cm to 16 em dIameter

1
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System E",aluatlOn
Module 3-2

2 2 7 Ladles knee hIgh nJ Ion stockmgs, or eqUivalent

2 2 8 Contamers to hold v"ater samples taken from filter mlets and outlets

2 2 9 Level mstrument and rod

2 2 10 Tape measure, about 30 meter

3 D.\TA COLLECTION, S\ STEM OFF

3 1 General farm Inventory

3 1 1 FIll m the Farmmg PractIce Inventory, Data Sheet 1
Conduct a walk-through to get an overvIew of the system, Weaknesses to
look for mclude the absence of pressure regulators and pressure gauges,
mcorrect plpmg, capacIty to flush mams, submams, and laterals, msert
emItter placement on laterals, leaks at Jomts or valves, emItter pluggmg
damaged emItters, and other ObVIOUS system defects, look at the condItIon
of the crop (umfomuty m SIze, matunty, and color)

At thIS pomt decide whether to proceed With the evaluation or to dela, untIl
major defiCiencies have been corrected

3 1 2 Complete the Tnckle lITIgatIon System Imenton Data Sheets 2 and 3

3 2 MedIa filter, Data Sheet 4

3 2 1 Open the dram valve at the bottom of the tank.

3 2 2 Open the port on the medIa filter tank

3 2 3 Record the observed status of the medIa filter bed (flat, cones & \ aBe J

sedIment and trash laden)

324 Record the estImated SIze of the filter medIa

3 2 5 Collect a sample of the filter medIa [Label the sample date and place
collected, person takIng the sample]

3 2 6 Reseal the filter tank

3 3 Screen filter, Data Sheet 4

3 '3 1 flpen the mam valve at the bottom aftre tank

3 3 2 Open the filter tank

3 3 3 Remove the filter element

334 Record the observed status of the filter mesh screen (mesh SIze, holes,
tears, degree of screen pluggmg)

3 3 5 Clean and remstall the element

3 3 6 Reseal the filter tank

34 Eqillpment mstallatIOn, FIgure 1 shows the pomts for eqUipment mstallatIOn

3 4 1 Ifnecessary, mstall mIssmg pressure gauges

3 4 2 If necessary, mstall flow meter

2



Inlet

MedIa FIlters

FIgure 2 SelectIOn of the submam to test

System Evaluation
Module 3-2

3

Screen FIlters Inlet

;
Pressure
Gauge

FIgure 1 LocatIOns of pressure gauges, valves, and £10\\ meter for data
collectIOn at the head umt

3 4 3 If necessary mstall tee sectIOns and valves m the filter mlet and outlet

hnes

0 0
OutletLme

vaLlPressure Valve

~\
Outlet t-rreO

I 0
Flow Meter

3 5 Locate the four submams to be evaluated, FIgure 2 shov.. s an example

3 5 lOne, submam hydrauhcally closest to the water source (number 1)

3 52 Two and three, submams m the mIddle of the system (numbers 3 & 4)

3 5 3 Four, submam hydraulically farthest from the \\ater source (number 6)

Mark on the system sketch the locatIOn of the submaInS used In the
evaluatIOn

I
I
I
I
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I
I
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I
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$\ stem EvaluatIon
Module 3~2

3 6 Submmns, D.lta Sheet 5 and Data Sheet 6 for ~U[\ c\ mformatIOn

3 6 1 Measure the length of each test submam

3 62 Measure the slope of each test submam The level and rod are used to take
elevatIOn readmgs at the mlet and end of the submam The dIfference m
the readmgs dIvided by the length bem een measurmg pomts IS the slope
If the mlet to the submam IS m the center ele\ atIOn measurements should
be made at both ends From the mlet, a portIOn of the submam may be
slopmg downward and the other portIOn may be slopmg upward

3 7 SelectIOn of four laterals to evaluate

The approach to lateral selectIOn varIes accordmg to the number of laterals on a
submam Tlte goal IS to select laterals tltat are representative ofthe area to be
evaluated As evaluatIOns become more detaIled, the number of submams or
mamfolds and laterals used mcreases but representatIOn should stIll be obtamed

3 7 1 Submams WIth a large number of laterals, FIgure 3

• One, lateral closest to the polOt where water enters the submam

• Two, lateral about one third the distance to the end of the submam
There are 9 laterals on each Side of the entrY pomt, 1/3 of 9 = 3

• Three lateral about two thirds the dlstJI1CC to the end of the submam,
2/3 ofmne = 6

• Four, lateral at the end of the submam

When laterals are on botlt Sides of tlte pomt where water enters
a submal1l, .t LS best to choose two test laterals on each Side

FIgure 3 SelectIOn of laterals to test, submam WIth many laterals

3 7 2 Submams WIth few laterals, FIgure 4

• One, lateral hydraulIcally closest to the water source

• Two, lateral about one thIrd the hydraulIc dIstance from the water
source

• Three, lateral about two thIrds of the hydraulIc dIstance from the
water source

4
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• Three, lateral about two thIrds of the h'r draultc dIstance from the
water source

• Four, lateral h)drauhcally farthest from the water source

FIgure 4 SelectIOn of laterals to test submam \\ Ith fev" laterals

3 8 Lateral mformatIOn, Dat.! Sheet 5 and Dat.! Sheet 6 for survey mformatIOn

3 8 I Measure the length of each test lateral

3 82 Measure the slope of each test lateral The level and rod are used to take
elevatIOn readmgs at the mlet and end of each lateral The readmg at the
mlet mmus the readmg at the end dIVIded by the length between measurmg
pomts IS the slope If the slope IS negatIve, the lateral IS slopmg upwards

3 83 Record the other basIC mformation on the test laterals

3 9 Number of emItters, Data Sheet 8 fThIS data can be collected whIle walkmg to
the end of the lateral to measure Its length]

Count the number of emItter~ on f'ach lateral te'iteci [for GR tllbwg, ~~asure t1)e
emmer spacmg ana calculate the number of emItters m the lme]

I
I
I

4 DATA COLLECTION PROCEDURES, SYSTEM ON

Brmg the system up to full operation and allow time for It to stabIlIZe

4 I Flow rate and pressure dIfferences, Data Sheet 4

4 I I Record the flow rate through the filtratIOn umts

4 I 2 Record the pressures at the mlet and outlet of the medIa filter

4 I 3 Record the pressures at the mlet and outlet of the screen filter

4 2 Contammant removal samples [Label sample collectIOn bottlesI
4 2 1 Collect at least a I 5 lIter sample from the pIpe entermg the medIa filter

5
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Svstem EvaluatIon
\1odule 3-2

422 Collect at least a 1 5 hter sample from the pIpe e-\Itmg the medIa filter

423 Collect at least a 1 5 Ilter sample from the pIpe e-\Itmg the screen filter

4 :2 4 Record the flow rate at the time of data collectIOn Data Sheet 7

4 3 Submams Data Sheet 5

4 3 I Measure the \\-ater pressure at the mlet of each test submam dIsconnect the
first lateral hose and msert the pressure gauge USIng the Pltot tube If the
mlet IS at the center of the submam, as shown m FIgures 3 and 4, take the
pressure readmg at the lateral closest to the mlet

4 3 2 Measure the water pressure at the end of each test submam dIsconnect the
last lateral hose and msert the pressure gauge usmg the pltot tube

If the mlet IS at the center of the submam, as shown m FIgures 3 and 4,
take a pressure readmg at both ends Record the readmgs as nght and left
as seen when standmg at the mlet facmg the laterals, the pressure and slope
readmgs should be on the same Ime for the sectIOn and each sectIOn would
have the same mlet pressure Each submam of thIS type WIll use two hnes
on the data sheet

44 EmItter pluggmg Data Sheet 8 [ThIS data can be collected \\-hIle \"alh.mg to the
end of the lateral to measure Its end pressure]

Count the number of emitters on each lateral tested that are full) plugged
or emIttmg less than 10% of the deSign flow

45 Measure and record the water pressure at the mlet and downstream ends of each
lateral to be tested, Data Sheet 8

4 5 I At the mlet end dIsconnect the lateral hose and msert the pressure gauge
usmg the "T" If the lateral cannot be dIsconnected, remove the first
Inserted emItter on the lIne, msert the pressure gauge usmg the pltot tube

4 5 2 At the downstream end open the end of the lateral and collect the matenal
bemg flushed from the lme WIth a ladles nylon stockmg and record values
on Data Sheet 8

4 5 3 Insert the pressure gauge usmg the "T" Plug the open end of t~e "T" WIth
a thumb or finger and read thE' prt><;SllTP

4 6 Measure the dIscharge at two adjacent emISSIOn pomts, denoted as A and B on
Data Sheet 9, at each of four different locatIOns on each lateral, See FIgure 5

4 6 1 Two adjacent emISSIOn pomts should be near the mlet to the lateral,

4 62 Two adjacent emISSIon pomts should be at the 1/3 dIstance locatIOn,

463 Two adjacent emISSIon pomts should be at the 2/3 dIstance locatIOn, and

464 Two adjacent emISSIon pomts should be at the end of the lateral

Record on the data sheet the tIme reqUIred to collect a volume of 100 ml at
each emission pomt

6



5 ANALYSES OF SAMPLES COLLECTED

Take medIa and water samples to the Jordan VaIle\ -\uthonty Laboratory for
analyses [Dunng the trammg exerCIse, gIve the samples to the Instructor]

6 SYSTEM MANAGEMENT

Use Data Sheet 10 to log water delIvery and apphcatIOn data CompletIOn of thIS
data sheet should be a part of each IrngatIOn event Use the recorded data to evaluate
management of the ImgatlOn system, schedulmg ratIO, and to help IdentIfy system
defiCIenCIes

I
I
I
I
I
I
I
I
I
I
I
I
I
I

--
I
I
I
I

Submam

System Evaluation
Module 3-2

And# Emitter PaIr 4

~
~ 213 Down

/' EmItter PaIr 3

et:./3 Down
EmItter PaIr 2

~
Inlet

Emitter Pair 1

FIgure 5 SelectIOn of emItter paIrS to sample

7



System EvaluatIon
Module 32

8

Walk-Through ObservatIons

IrrIgatIon practIces

IrngatlOn frequency

Length of ImgatlOn, for how much tlme does each lateral get water

Number of laterals Irngatmg at the same tIme

MaXImum number ofemItters per lateral
(Laterallength/Emmer spacmg)

EmItter deSIgn flow rate

/199/

Spacmg _

Date

Plantmg Date

Estlmated Root Depth

DescnptlOn

InfiItratlOn Rate

Farm UmtNo

FAR:\lING PR.-\.CTlCE I"l"E'\TOR\, D-\.T -\. SHEET 1

Farm Name

Evaluators

Farm D <\.-__

Crop _

Crop Age

SoIl Type

Imgated Area

Water Holdmg CapacIty

I~

I)
I~

I-

I
I~

r
I
I
I
I
I
r
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System Evaluation
Module 3-2

Pressure Source NA Pump __ System Age

Pump
Age Make Model

Output Pressure pSI Discharge rate Ips

Screen Filter
Age Type Model

Manufacturer

Design Inlet Pressure pSI Outlet Pressure pSI

Flow rate lis

Media Filter
Age Type Model

Manufacturer

DeSIgn Inlet Pressure kPa/PSI Outlet Pressure kPa/PSI

Flow IdU" 1/ <>

FemllZcr' !~~ .~C~V~

Age Type Model

Manufacturer

ReservolrlPool Yes No Lmed Yes No l

CapaCIty LIters, M3 Liffing MaterIal
,
I

TRICk.LE IRRIG.\.TIO..... S\ STnl h\ E.....TOR\, DATA SHEET 2

/199/Date

9

Farm Umt

Farm Name

Farm DA-__

Evaluators

I~

l
J
f
I
I
I
I
I
I
I
I
I

,
I
I
I
I
I
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TRIChcLE lRRIG-\TIO~ SYSTEM INVEl'IiTOR'r, D-\T -\ SHEET 3

Manufacturer _

System Evaluation
Module 3 :2

Age _

Model _

No

RegulatorsNah es

Type

Flow control Yes No Age

Type Model

Manufacturer

Vacuum relIef Yes No Age

Tvpe Model

\ fanufacturer

Sketch of S) stem Layout

Pressure reducmg Yes

j

I- --r -

I,- ---,-- 1 - ~ -,--t-- --~ --
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FILTER PRESSl RE Loss-FLOW TEST, DATA SHEET'"

What IS the average backflushmgfcIeanmg mterval durmg operatIOn

Electncal conductIvIty of \\-ater dS/m

-\ge of screen filter umt _

Evaluators _

SIze of screen mesh

Screen filter ------

FIlter Flow rate I Pressure I Prf''i'iure I
I I

type 1/s Upstream Downstream

Media 1
Screen 1

System EvaluatIOn
Module 3-2

• Pressure taps shall be located a mimmum of five pIpe dIameters don 'stream of any
tees, elbows, valves, flow measurmg mstruments etc

• Measurements shall be made upstream and dO\\TIstream of the filter umt bemg tested

• Taps shall not protrude InsIde the pIpes The edge of each hole shall be clean and
sharp or slIghtly roUflded

• All taps shall be IdentIcal m deSIgn

Data CollectIOn

Fann Date _

SIze of medIa

Results of medIa mspectIOn

MedIa filter _

Age of medIa filter umt _

Results of screen mspectIOn

I
1
I
I-

I
I-
I
I-
I
I
I
I
1-

I~

I]

I]
I
I-

I
1



Age Number
Submam Years/ MaterIal of Length Slope Pressure Pressure DIameter
Number Months PVCIPE Laterals M M/M mlet end mm

ID I\ge Length Slope Dia Number EmItter
Number YrMn M M/M mm EmItters Spacmg EmItter Type

---- - - -

L- -- ------l

SUBMAI'S AND L.\TER.\LS t DATA SHEET 5

System Evaluation
Module 3-2

___ years / monthsSystem Age

12

Laterals

Submams

DateFann _

I
I
I
I
I
I
I
I
I
I
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I
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System EvaluatIon
\.lodule 3-2

SllRVEY NOTES, DATA SHEET 6

Fore Instrument Back
Notes ElevatIOn Sight Height Sight StatiOn

I

- - -- ~--

- - - -----
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RE'\IO\AL EFFICIENCY OF FILTRATION UNIT, D~TA SHEET 7

1 M = medIa filter, S = screen filter

AnalySIS of water samples

Evaluators _Date _

PartIcle SIze DIstrIbutIOn, mg/l FIO\v

LocatIOn Total Orgamc > 400 Jlm 200-400 Jlm 0-200 Jlm lis
Inlet (M)I

Outlet (M)

Outlet (S)

Inlet (M)

Outlet (M)
I

Outlet (S)

Inlet (M)

Outlet (M)

Outlet (S)

Inlet (M)

Outlet (M)
-

0:ztlet {S) I 1

System E\ aluatlOn
\1odule 3-2

Farm _

Water Sample CollectIOn

Use \ ah es on the SIde of the mlet and outlet pIpes for collectIOn of \\-ater sampIe~ dUrIng
a test for composItIOnal and partIcle SIze analyses The samplIng valves shall be located
on the honzontal centerlme of the mlet and outlet pIpes and above any dO\\TIstream
throttlmg devIce or filtratIOn

• Collect samples 30 mmutes or more after last backwash cycle

• Use a sample bottle that has been thoroughly cleaned and allowed to dry before
the test

• Sample SIze should be at least 1 5 hter (common mmeral \\-ater bottle)

I
I
I
I
I
I
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System E\ aluatlOn
\10dule 3-2

1 QualItatIve measure of lateral hose contammatIOn, ratIng of quantIt) of matenal
caught In a ladles nylon stockIng

Lateral Lateral Pressure, kPa (PSI) Eminers

ID Inlet End ~=I-E ContamInants] Number Plmzaed 00 Plugged
~~

LATERAL LI"ES A"D E'lITTERS, DATA SHEET 8

3 =major

Evaluators ------------

15

2 = medIUm 1 = slIght

Date ---

0= none

Comments

Farm ----

I
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EMITTER DISCIIARGL~,DA I A SHCET 9

-,~ - -_I - --)

Farm _ Date ~__ Evaluators _

........
0\

~

~

LocatIon of lateral on submam, Submam ID

LocatIOn of Inlet 1/3 Down 2/3 Down End

emItters on LateralID -- LateralID -- LateralID -- LateralID --
lateral sec/lOO ml mlps seelIOO ml mlp~ "Lell 00 1111 mlps sec/IOO mlps
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20
5
2

1 5

285

Outlet
concentratIOn

mg/l

60
30
10
5

105

Inlet
concentratIOn

mg/l
PartIcle

SIze

llrn

Totals

0-200
200 - 400

>400
Orgaruc

(
285)ER = 1--- x 100 = 729% ::::: 70 %
105

S\stem Eva(uatlOn
Module: 3

v.here ER = the removal effiCIency, %, SOU[ = the outlet concentratIOn of
suspended solIds, mg/l, and Sm = the mlet concentratIOn of suspended
solIds, mg/l Water samples should be collected and the suspended solIds
IdentIfied by the JVA Laboratory Table 1 presents the analySIS of a set of
water samples

Table 1 ConcentratlOn of suspended solIds m water entenng and eXItmg a

water filtratIOn urnt

MICRO IRRIG-\TlON SYSTEMS

DATA ANALYSES

2 1 FlltratIOn Umt(s)

2 1 1 Contammant RemO\ al EffiCIency (EIJ

Testmg samplmg of mflo\\ and outflow, for contammant remo\ al should
be conducted for all filtratIOn umts mdI'Vldualh ER IS a measure of the
suspended solIds removal abIlIty of the filtratIOn umt

INTRODlCTlO"l

ThIs module details the analyses procedures used for the data collected m the field
Example data sets are used to shows the procedures EvaluatlOn of the numencal

results obtamed IS dIscussed III Module 3-4, RecommendatlOns The tramee should

note that not all of the data collected IS used m these analyses procedures The
unanalyzed data IS used m makmg recommendJtlons for Improvement m the

operatlOn and mamtenance of the lITIgatlOn system Given the accuracy of the data
collectIOn and lITIgatIOn processes, It IS adVisable to report results to the nearest 5%
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S\ stem EvaluatIOn
Module 3-3

If partIcle SIze ranges are not desIred the samples can be 0\ en-dned at
105 °C and the solId matter \\eIghed, all sizes are Included In the total
weIghts

2 1 2 Percentage Emitter Pluggmg (EP)

EP IS an IndIrect measure for assessIng the effectIveness ot a mIcro
lITIgatIOn filtratIOn system

Ep
EP=-x 100

Eo

Where Eo = the number of emItters In the sample and Ep = the number of
plugged or closed emItters The maXImum allowable pluggmg percentage
IS 20% for row crops If the emItter spacmg IS deSIgned for 0 5 of the
dIameter of the wetted area

A sample lateral m a field has 125 emItters four of the emItters are
completely plugged

Ep 4
EP = - x 100 = - x 100 = 3 %

Eo 125

2 2 DIstnbutIOn System

The dIstnbutIOn s)-stem IS compnsed of the mam lme, submams or mamfolds
and emItters The evaluatIOn --f the tubIng IS hmited to pressure readmgs, to
evaluate pressure losses throUl:,h the system, and leak.s IdentIfied leaks should
be measured, to quantIfy water losses, and theIr Impact on the system effiCIency
assessed

22 1 StatIstIcal Umformity (Us)

US IS an estImate of the umformity of emItter dIscharge rates throughout an
ClI.lSt.ilg 1..1'::10 H11:;:,ahuli ",Y",LI,;111

Where ql = the emItter dIscharge rate, lph, n = the number of randomly
selected emItters, 1 = a subscnpt IdentIfymg mdividual emItters, Sq = the
standard deVIatIOn, and q =the mean emItter dIscharge, lph

2
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The 95% confidence lImIts for a specIfic statIstIcal umformIty Us' and a
gIven random sample SIze, n, IS selected from Table 2 In some cases
mterpolatIOn of values m the table IS reqUIred For example, gl\,en Us =
90% as determmed from a sample SIze of 36 observatIOns would result m a
confidence hmit of ± 24% ThIs mdicates that for thIS example the true
statistIcal umforrmn IS bet\\een 87 6% and 924%

Table 2 95% confidence lImIts, ±%

Number of obsen atlons, n
Us 18 36 72 144
90 35 24 1 7 1 2
80 73 50 34 24
70 11 5 7 8 5 4 3 8
60 16 2 10 9 7 6 5 4

Example TIme In seconds to fill a 100 ml contamer from mdIvidual
emItters IS g1\en In column 2 of Table 3 for n = 18 samples

Step I Calculate the flo\\ rates, qp (mlps) USIng the abO\ e data The
calculatIon results are shown In column 3 of Table 3

qj = 100 ml per 64 s = 100 '6-+ = 1 56 mIps, etc

Table 3 Collected and calcul~ted data for example

TIme to Flo\'v rate, Flow rate,
Sampl fill 100 mlps squared

e ml, S

1 64 1 56 243
2 79 1 27 1 61
..,

67 149 222:J

4 .... I 41 1 )ll.)11

5 75 1 33 1 77
6 81 1 "'l'" '"£.J I 'I

7 68 147 2 16
8 85 1 18* 1 39
9 75 1 33 1 77
10 69 145 210
11 85 1 18* 139
12 77 130 1 69
13 89 1 12* 125
14 68 147 2 16
15 81 123 1 51
16 90 1 11 * 123
17 65 1 54 237
18 61 164 269

Totals 2431 3324

3 ttb
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Step 2 Calculate the mean and standard devIatIOn for the measured
flows

_ 24 31 "
q =--= 1 .,5 mlps

18

{ }

112
1 24 "1 2Sq =17[3324- I~] =015 rnlps

Step 3 Calculate the statIstIcal umforrmty and determme the confidence
lImIt from Table 2

Us =100(1- ~ ~;) =88 9 ~ 90%

From Table 2 wIth n = 18, for Us = 90% the confidence lImn = 35
and for Us = 80% the confidence hmit = 73 then

(73 - 3 5)
Confidence Llmil Difference - 0 38

10 - Umt Change
Range In Us Values

3 5confidence at 900 0 + {(90 - 89)dIfference In Us X 0 38 unil Change} = 3 88%

the confidence lImIt IS ± 4% The true StatIstIcal UmfoIT"'lt\ for tlus
example IS between 85% and 95% (rounded to the neares, .J°o)

222 StatIstIcal Umformity considenng Effiltter Pluggmg (Usp)

Usp IS an estImate of the umformity of emItter dIscharge rates throughout
an eXIstmg mICro lITIgatIOn system when emItter pluggmg IS consIdered

Where C = the deCImal proportIOn ofemItters that are completely plugged

For the example used above, 3% of the emItters are completely plugged

Us. =1O+-[1_~03((~ ~~)' +1)-1T'}=787 ~ 80%

2 2 3 EmISSIOn UmformIty (EU)

EU IS a measure of the umformIty of water delIvery to all emItters In the
system Agam usmg the data from Table 3, the four low quarter flows are
marked WIth astensks

4
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Module 3-3

EU = average LQ delI" ery of lITIgatIOn \\ ater x 100

average dehvery of lITIgatIOn \\ater

ED= 115 xlOO = 85%
I 35

2 3 IrngatIOn Management

2 3 I Scheduhng RatIo (SR)

SR IS a measure of the adequacy of lITIgatIOn scheduhng for tncIJe
Irngated fields

SR = A x EU x H x 100
Td X (1 + LF)

T
d

= 0 1 X ET
d

X (P
d

)0)

Where A = system apphcatlon rate, cm/hr, ED = emISSIOn umforrnlt'r
based on the low quarter, expressed as a decImal, H = lITIgatIOn duratIOn
hrs, Td = average daily tranSpIratIOn rate dunng the peak-use month,
crn/day, LF = leachmg fractIOn, expressed as a deCImal fractIOn, ETJ =
conventIOnall) estImated evapotranspIratIOn rate dunng the peak-use
month, crn/day, and Pd = percentage of the soIl surface area shaded by crop
canopy at mIdday (solar noon), %

The known data IS Crop = tomatoes, A = 1 25 crnJhr, ED = 085, H = 1
hr, ETd = 07 cm/day, Pd = 80%, and LF = 0 15

Td =0 lxETd X (Pd )O.5 =0 IxO 7x(80)0- =063 cm/day

SR= AxEUxH xIOO= 125x085xl0 xlOO =147%>::d50%
Td x (1 + LF) 0 63 x (l + 0 15)

2 3 2 lITIgatIOn EffiCIency (IE)

IE tS ~1-}e lat;) of the quantIty of waLer Lha( IS benefictally used to the- 
quantIty of lITIgatIOn water applIed

IE = Qb X IOO = Td X (l + LF) + Other x 100
Q. AxH

Where Qb = the quantIty of the delIvered water benefiCIally used and Q
1

=
the quantIty of water delIvered to the field BenefiCIal use IS for multIple
purposes mcludmg crop water use, salt-Ieachmg, and pestIcIde or fertIhzer
applIcatIOns Use data from the above examples, assume no addItIOnal
water IS used for pestIcIde or fertIlIzer apphcatIOns

IE = Td x (1 + LF) + Other x 100 = 0 63 x (1 + 0 15) +0 x 100 = 58 % ~ 60 %
Ax H 1 25x 1 0

5
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[Supplemental]

1 INTRODUCTION

For an ImgatlOn system evaluatIOn to be of value to the farmer, the results must be
presented In a form usable by the farmer ThIs presentatIOn should have two parts

• A descnptlOn of the tests completed, mcludmg a copy of the data collected
and an analysIs of the data

• A hst of recommendatIons that gn,e the fanner a detaIled descnptIOn of
what needs to be done to Improve the effiCIency of hIS mfrastructure and
operatIOnal practIces

The followmg sectIOns contam dIscussIOns of some of the most common defects m
tnckle IrrIgatIOn systems, pumpmg plant evaluatIOns and recommendatIOns are
covered m Module 3-5 The evaluator IS e\.pected to use hIS expenence m dravvmg
from thIS matenal to prepare recommendatIOns for the farmer Not all SItuatIons are
covered m thIS module and the user IS expected to search other sources of mformatIOn
as the need arIses

The evaluator must eyerCISe common sense 111 IllS evaluatIOns and not
trust only the numbers calculated Remember the walA-through and
wltat JOu SOl Keep m mmd the capabillties of the farmer wlten you
make recommendatIOns, It IS not useful to recommend actIOns he
cannot carry out

2 INTERPRETATION OF DATA ANALYSES

Analyses of the data collected III the field can grve mdicatlOns of the current
performance of an ImgatlOn system's ooerallon and mamtenance Analyses results
can also be used to pmpomt weaknesses m svstem operatIon, mamtenance, and
desIgn that can lead to Improvements
--~ -

2 I Contammant Removal EffiCIency (EIJ

A properly operated filter system should remove close to 100% of the partIculate
matenal for whIch It IS deSIgned ER values below 95% mdicate senous
problems With the filter system A large volume ofwater, and the contammatIOn
It carrIes, flows through the filters at each ImgatIOn Flow passages m emItters
are small and a few mI1hgrams of partIculate matter can clog several emItters
EmItters clogged by mmeral partIculate matenal are dIfficult, If not ImpossIble,
to clean and return to servIce Keepmg partIculate matenal out of the system IS
the most effectIve and economIcal means for pre\entmg cloggmg and extendmg
the hfe of tnckle laterals

1



Area along one row
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FIgure 1 Low emISSIOn uruformIty, poor m-field water dlstnbutIOn

System EvaluatIOn
Module 3-4

100 - 95
90 - 85
80 -75
70 - 65
<60

100 - 94
87 - 81
75 - 68
62 - 56
< 50

EmISSIon StatIstIcal
EU, % Us' %

Excellent
Good
FaIr
Poor

Unacceptable

Acceptablhty

I I 1IIIIIlWIIIIIIIIUII I I
J "at. 'n,.l"aill" II ~

Z~N"iga"n" -j I - -
I

II

SOlI Moisture ReqUirement

Over-Irrigation

HIgh emISSIOn umformity and good m-field \\ater dlstnbutIOn, FIgure 2, results
m all plants receIvmg about the same quantIty of water Hov,.ever, If the

Table 1 Acceptablhty of the system as currently managed

Umforrruty

Depth

Poor emISSIon umformIty, poor In-field water dIstnbutIOn, FIgure 1, results In
some plants reCeIVIng too much water and other recelvmg not enough water
The vanatIOn can result m sIgmficant yIeld dIfferences

The ED should be greater that 80% before fertigatlOn IS practIced The
umfomuty of fertIlIzer applIcatIOn IS apprOXImately equal to the urufonmty of
the \\ater apphcatlOn At low EU values, fertIlIzer IS applIed unevenly and large
quantmes are lost to deep percolatIOn

100% Us or EU means the entIre field receIves an equal depth of water Less
than 100% ImplIes that some areas of a field receIve more water than others
ThIS may result In over IrngatIOn In one part of the field and under lITIgatIOn In
another part

StatIstIcal Uruforrmty (Us) and EmISSIOn Urufomllty (EU)

The statIstIcal umfonmty and emISSIOn wllforrruty are used to charactenze the
desIgn, operatIOn, and maIntenance of the ph}sIcal system Table 1 gIves the
acceptabIlIty of system management, whIch IS constraIned by desIgn and
maIntenance, based on the values obtamed for EU and Us

22
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SOlI Moisture Requirement

Area along one row
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Zo~tur< Requ"ement

3

Depth

FIgure 3 HIgh emISSIOn urufornuty, good m-field water dlstnbutIOn, and proper
ImgatlOn tIme, hIgh lITIgatIon efficIency

FIgure 2 HIgh emISSIOn umfoITmty, good m-field water dIstnbutIOn, but
lITIgatIOn tIme too long, low lITIgatIOn efficIency and water wastage

lITIgatIOn applIcatIOn tIme IS too long, lITIgatIOn efficIency wIll be 10\\ and water
wastage can be hIgh

S'rStem Evaluation
Module 3-4

HIgh emISSIOn umfomuty and the proper lITIgatIOn applIcatIOn tIme results III

good m-field \\ater dlstnbutIOn and hIgh lITIgatIOn efficIency, FIgure 3

Percentage EmItter Pluggmg (EP) and StatIstical Umformity consldenng EmItter
Pluggmg (Usp)

Even a small percentage of emItter cloggmg can drastIcally effect the uruformlty
of water applIcatIon FIgure 4 can be used to estImate the effects of cloggmg on
UnIformIty, Usp WIth Us = 90% and 5% pluggmg the true urnformIty, Usp, IS
about 75%, to Iowa value to recommend fertIgatlOn

The Impact of emItter cloggmg on fertIlIzer dlstnbutIOn and fertIlIzer loss to
deep percolatIOn, because of uneven water dlstnbutIOn, IS an often unapprecIated
problem
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4

CAUSES AND SOLUTIONS FOR NON-UNIFORMITY AND LOW EFFICIENCY

FIgure 4 RelatIon between the degree ofemItter pluggmg and statlstlcal umfonmty

1
0

"
0 0/098

SR values of 90% to 110% are acceptable, values of 80% to 90% mdIcate that
some under ImgatIOn IS occumng but not enough to senously damage YIelds, SR
values below 80% are cause for concern and should be addressed

99 i"----.-......--.--r-,.......,....,..;r--..L..,.-L-f-~..........,.>_.........l.r_I..._I

99 98 97 96 94 92 90 8!S 80 70 60 40 20 0

Statistical Umformlty mcludmg Emitter Pluggmg, Usp• %

O-y-----------------......
20

40
~o

60

70

System EvaluatlOn
Module 3-l

2 4 Schedulmg RatIo (SR)

HIgh values of SR, more than 100%, mdlcate that water m excess of that
reqUIred IS bemg apphed SR values greater than 120% mdlcate that ImgatlOn
water apphcatIOn quantItIes should be re-evaluated The excess water leaches
fertIlIzers and IS lost to deep percolatIOn

PenodlC mamtenance and flushmg of the system IS recommended to assure contmual
satIsfactory operatIOn of the tfIckle system The flushmg mterval IS dependent upon

2 5 ImgatIOn EfficIency (IE)

ImgatIon effiCIency cannot exceed 100% IE values of 100% can mean that
system management IS very good or, more lIkely, that under-ImgatlGii .s
OCCuITlng IE valUes Jess than 80% mdIcate that water sIgmficantly m excess of
that reqwred IS bemg applIed and lITIgatIon water applIcatIOn quantItIes should
be re-evaluated

Tnckle systems should be deSIgned and operated to prevent any surface runoff If the
applIcatIOn rates exceed the soIl mtake rate, nonumformlties and water wastage can
result lfthe tIme allowed for lITIgatIOn IS based on the delIvery flow rate and not the
SOlI mtake rate, plants may be under watered at each lITIgatIOn applIcatIOn
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the qualIty of water delIvered to the system tubmg A s\stem \\Ith a properly
desIgned and operated filtratIOn umt, both medIa and screen filters, \,>;111 reqUIre less
frequent flushmg than a system WIthout filtratIOn or WIth Improperly deSIgned and
operated filtratIOn umts

Emitter IrregularIties

VanatIOn m emItter dIscharges due to manufacturmg dIfferences, mconsistencies m
emItter onfice and passage SIzes, can sIgmficantly decrease the umformity of the
system Poorly performmg emItters should be replaced With others that operate
correctly

Umfonmty IS also sIgmficantly decreased when only I% to 5% of the emitters are
completely clogged, even WIth 2 to 8 emItters per plant Pluggmg of emitters can be
caused by phySical, chemIcal, or bIOlogical contammants The causes for pluggmg
are SIte speCIfic and detaIled studIes of the water qualIty should precede the deSIgn
Penodic testmg of emItter VarIabIlIty IS necessary to Identify cloggmg and changes
that may occur m mdividual emItters over tIme Where pluggmg cannot be
elImmated, mcreasmg the number of emItters per plant '''1111 reduce the Impact of
pluggmg on umformity

FiltratIOn s)stems should be flushed on a regular basiS to prevent onfice cloggmg and
an exceSSIve pressure loss through the filters The use of the IrngatlOn system to
apply fertIlIzers and other chemIcals should be conSIdered m desIgnmg the filtratIOn
system for preventmg emItter cloggmg ChemIcals can preCIpItate even after
filtratIOn If proper precautIOns are not implemented Adequate filtratIOn IS a must for
tnckle IrngatIOn mstallatIOns

• The most common msert or on-lIne emItter umfonmty problem IS the mIxmg of

• Emitter output rates - a replacement emItter IS of dIfferent flow rate than
the ongmal

• EmItter brands - the replacement emItter IS of dIfferent manufacture or
type than the ongmal The replacement WIll have a dIfferent flow rate than
the ongmal

• Incorrect emItter placement - emItters are not placed ill accordance WIth the
soIl propertIes and plant rootmg pattern EmItters must be mstalled at mtervals
that correspond With the plant spacmg to proVIde equal volumes of water for
each plant

• Incorrect emitter selected - the wrong type or flow capaCIty emItter IS used
for the lITlgated crop An example would be the use of mIme emItters (OR type),
whIch are deSIgned for vegetables, for an orchard crop Much of the soIl
between the WIdely spaced plants, soIl whIch should be umrngated, IS wetted by
the unnecessary emItters

5
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System Pressure

The dIscharge of \\ater through any emItter IS a tunctIOn of the orIfice ~Ize and
operatmg pressure Therefore, any pressure VarIatIOn In the system can cause
vanatIOns m dIscharge unless corrected or compensated vvIth pressure regulators or
the use of pressure compensatmg emItters The operatIOn of a system \\ Ith the
Incorrect average pressure can biaS the apphcatIOn eIther hIgher or lo\\er than the
deSIred depth by larger or smaller pressures, respectIvely

An mcorrect average pressure may result from

• Cloggmg of the filtratIon system

• Problems WIth the pumpmg plant, refer to module 3 5 for a deSCrIptIOn of these
problems

• Valves partIalI) closed whIch should be fully open valves fully open that should
be partIally closed, or partIal blockage of part of the delIvery pIpe lme

System pressure VarIatIOns can be of three types

• Along mdIvldual laterals

• From lateral to lateral WIthm a block (a SIngle mamfold)

• From block 10 block

In some cases all three types of vanatIOn may eXIst sImultaneously VarIatlons In
emItter mput pressures are reflected In emltter output dependmg upon emItter deSIgn
DeSIgn or constructIOn errors WhICh 1n contrIbute to undeSIrable tnckle ImgatIOn
pressure vanatlons Include

• No pressure regulatIon at all- The system pressure IS totally at the mercy of
the frIctIOn loss charactenstlcs of each mdlvIdual lITIgatIOn block FrIctIOn
losses vary WIth elevatIOn, pIpe SIze, and proXImIty to the water source ThIS
defiCIency may cause nonurnfonmty In water delIverIes between blocks

• One pressure regulator at the water sourCf', but no block pressure
regulators - Lack of pressure regulators m each lITIgatIOn block may cause
Irregular flows and pressures The delIvery to laterals In each block may vary,
whIch mcreases the nonumfonmty of lITIgatIOn water delIvenes

• Improperly set pressure regulators - Install a pressure gauge near each
pressure regulator m order to properly set/regulate the system and block
regulators

• Improperly SIZed mam hnes, submams, or laterals - The vanous frIctIOn
losses asSOCIated WIth elevatIOn dIfferences, system pIpelme length, dIameter,
fittmgs, and on-lIne-emItter barbs should be calculated and corrected for proper
system operatIon

• System expansIOn frictIOn losses - Caused by the addItIon of new system
components (laterals, valves, filters, emItters, etc) WIthout regard to the InItIal
deSIgn The result of a system expanSIOn may be low pressure and low flows to

6
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parts of the delIvery netv,ork Reevaluate the capacItIes of the pumpmg plant,
maIns and submams and make correctIOns where necessary

• Inadequate source pressure for the block area IrrIgated - The ImgatIOn
system IS desIgned to lITIgate blocks that are too large for the pump SIze selected
Where the system IS usmg JV -\ supphed pressure an addItIOnal problem rna) be
fluctuatIOn III the pressure supplIed

• Leaks or breaks In the fitnngs, hnes, or emItters - Each on-hne emItter
penetratmg a lateral hne IS a breach of the system-atmosphere bamer and a
pressure release pomt The deSIgner dIstnbutes these pressure release pomts
umformly to release equal amounts of water to each plant Any break or leak m
the system IS a pressure release pomt affectmg the perfonnance of emItters m
close prOXImIty If the break IS large enough or If the mCldence of leakage IS
numerous more emItters are affected and each emItter expenences some
reductIon m flow rate All leaks and breaks should be promptly repaired

• Improper system operatIOn - Varymg the number of laterals or blocks
operated sImultaneouslY can cause mcorrect pressures m the system ThIS
problem may be partIally corrected by the proper placement and use of pressure
regulators The best IITIgatlOn umfonnItv IS obtamed \\-hen the system IS
operated as deSIgned

Flow Meter

A defiCIency on most farm IITlgatIOn systems m Jordan IS the absence of a flow
meter A flow meter IS a cost effectIve tool for the farmer because It can aSSIst lum m
maxlmlzmg the benefit he receIves for each CUbIC meter of water purchased WIthOUt
a flow meter It IS dIfficult for the fanner to momtor ho\\- effectIvely he IS IITIgatmg

An Irrzgator can't meet plant water needs effiCiently if tlte system
appllcatlOn rate IS unknown

The actual flow rate through a newly cahbrated propeller flow meter, FIgure 5,
operatmg Wltlun ItS nonnal flow range IS 96% to 103% of the readmg mdlcated by
the meter Pressure loss as water flows through a properly SIzed meter IS 1.1 lrJ>a or
less A four mch propeller flow meter has an operatmg range of 3 Ips to 38 Ips

Meter mstallatIOn cntena

FIgure 6 Illustrates an optnnUID flow meter mstallatIOn Propeller meters are the most
common meter used for agnculture because they are accurate and relatIvely
mexpenslve

• For optunum hfe and best accuracy, there must be a SWIrl-free, umform
flow-velOCIty profile m the pIpe unmedlately upstream of the meter

• Meters are mtended for use m the honzontal pOSItIOn of the meter WIth

respect to the mlet and outlet flanges

• PIpmg should be arranged to ensure the meter remams full of water at all
tImes

7
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FIgure 5 A typIcal propeller flow meter

DOWNSTREAM SHUT OFF
VALVE (FULL OPENING)

THROTTUNG VALVE

PRESSURE REGULATOR OR

OTHER FLOW RESTRlCTlNG DEVICE

PROPELLER METER

1

FLOW STRAIGHTENER

1

FIgure 6 OptImum propeller meter mstallatlOn

System Evaluation
Module 3-4

• Elbows, tees, and crosses should be no closer than 10 pIpe dIameters of
StraIght pIpe of the same nommal dIameter on the meter upstream and five
dIameters downstream

• When pIpe reducers are needed, only gradual or tapered concentrIc reducers
should be used

• PIpe flange gaskets must be centered and not protrudmg mto the mam flow
stream

• Install check valves, back flow preventlOn deVIces, throttlmg valves, and
pressure-regulatmg deVIces a IDIrnmum of five pIpe dIameters downstream
ofthe meter

WATER FLOWDJRECTION --~

UPSTREAM SHUT OFF VALVE

(FULL OPENING)

1
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Svstem EvaluatIOn
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• Use full-openmg ball or gate valves for the meter set's IsolatIOn valves
They must be mstalled a nummum of five pIpe dIameters upstream and
downstream of the meter

• If a flov, stratghtener IS needed, nonumform flow IS present m the pIpe
unmedlately upstream of the meter, It should be mstalled nnmedlately
upstream of the meter

• If a flo"\ straIghtener IS not used, the run of straIght of pIpe Immediately
upstream ofthe meter should be a mmlmum of 10 pIpe dIameters

Use ofFlow Meter m Problem IdentIficatIOn

A flow meter coupled \Vlth a pressure gauge at the pump can help zeromg m on the
source of lITIgatIOn problems One of the easIest ways to momtor the lITIgatIOn
system IS to penodlcally note the lrngatIOn flow rate The meter should be read at
least two or three times a week Unplanned vanatIOns are an mdicatIOn of
developmg problems

• Gradual slIght declIne m flow rate are often mdlcatlve of emItter cloggmg
problems If the declIne occurs dunng an lITIgatIon, thIS may mdicate that
atr IS collectmg at hIgh pomts In the SJ stem and slowly blockmg the passage
of water

• A stead" declIne In pressure and/or flov, rate 0\ er tlme rna" reflect pump
wear

• A slight Increase m flow rate may be the result of leakage

• A sudden Increase of flow rate may be the result of a plpelme break

• A WIde \ arlatIOn m mdlcator readmgs SIgnals turbulence m the pIpelIne
Turbulence at the meter may mdicate that placement of the meter IS
Incorrect, see FIgure 6 for correct mstallatIOn, or that aIr IS entramed m the
water

• If the rate mdicator shows erratIc, VIOlent behaVIOr, au or gas may be
present m the water ThIS may also mdicate that the water level m the pool
has fallen to the level where the pump suctlon mtake penodlcally draws m
alr

A method of estlmatmg emItter output IS to measure the amount of water applIed
With a system flow meter over a penod of time and dIVIde by the number of emItters
bemg supplIed water TIns Will gIve a good mdicatIOn of the average amount of
water flOWing out ofeach eIDltter per unIt tIme

Example A block of trees m an orchard has 56 trees served by two mIcro-sprayers
per tree An ImgatIOn lasted 2 hours and 6,720 lIters of water was delIvered Fmd
the average sprayer flow rate

6,720 lIter
Qa\g = = 30 lIter / hour / spray = 0 51pm/ spray

56 trees x 2 sprays / tree x 2 hour

9
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System EvaluatIon
Module 3-4

PARTIAL EVALUATION OFMICRO-SPR-\' IRRIG-\TION SYSTEM

CASE STUDY I

1 Il'iTRODUCTION

A partIal evaluatIOn was made for a CItruS orchard that uses two laterals per ro\\- of
trees There are seven trees per lateral wIth one mIcro-spray emItter per tree per
laterallme (two sprays per tree) The ImgatIOn target IS to apply 60 lIters per tree per
sprayer over a two hour penod, 120 lIters total for each tree FIeld evaluatIOn data
were collected for one row of trees near the head of the mamfold

2 DATA COLLECTION

100tla}

• All pressure compensatmg emitters were removed from the laterals and the holes
plugged

• Each lateral was flushed untIl most sediment was removed As very large medIa
IS used In the filter tank and the lITIgatIOn \'outer \\-as not clear

• Pressure was measured at the lateral head (mamfold offtake) and end

• Flow from each mlcro-spra\er \\as collected for 20 seconds and measured In a
500 ml graduated cylInder

After Adjusting Micro-Spray Flo" s

• Each micro-sprayer \\-as adjusted to a flo\\- rate of about 250 ml per 30 seconds I

• Pressure was measured at the lateral head (mamfold offtake) and end

• Flow from each mIcro-sprayer was collected for 20 seconds and measured In a
500 ml graduated cylInder

The laterals are 35 meters long and slopmg 000006 mlm Table 1 lIsts the data
collected

3 DATA ANALYSES

Effilsslon umfonmty (ED) was calculated for Imtlal and adjusted conditIOns
Effilsslon umfonmty IS defined as

ED = qn X 100
qa

where qn =the average flow from the lowest one-quarter of the micro-sprayers and qa
= the average flow from all the mIcro-sprayers There was Wide vanatIOn m the
mItIal ED values, 54% and 68% After adjustment the EU values were closer, 83%
and 88%, and more m hne With the potentIal ED offered by mIcro sprayer ImgatIOn

1 As each sprayer IS adjusted the pressure and flow changes at every other sprayer on the Ime ThIS IS an
Iterative procedure that requires se\ eral passes down the lateral Ime to balance out the flows In the
mterest of time, only three adjustments were made per row

10
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Table 1 FIeld evaluatIOn data collected for one row oftrees

2 Sprayers are numbered startmg from the mlet to the lateral (manIfold end)

Table 2 lITIgatIOn perIod delIvery target equals 120 lIters per tree per two hours

Lateral 1 +Lateral 2Lateral 1 + Lateral 2
InItIal AdJusted

Tree (ml/20 sec) I (lIters/2 hr) Tree (ml/20 sec) (lIters/2 hr)
1 820 2952 1 420 1512
2 820 2952 2 380 1368
.... 885 3186 3 370 1332.;)

4 850 3060 4 310 1116
5 385 1386 5 360 1296
6 665 2394 6 360 1296
7 660 2376 7 340 1224

Total 1,5282 Total 9144

EU 72% ED 90%

Lateral 1 Lateral 2

Imbal Adjusted Imbal Adjusted
Pressure (PSI) (PSI) Pressure (pSI) (pSI)

Head 45 90 Head 55 90
End 20 82 End 20 79

Sprm,er (mIl20 sec) (mIl20 sec) Sprayer (mll20 sec) (mIl20 sec)
1 570 260 1 250 160
..., 560 210 2 260 170
... 400 180 .... 485 190;) ;)

4 450 160 4 400 150
5 175 175 5 210 185
6 245 175 6 420 185
7 315 150 7 345 190

ED 54% 83% ED 68% 88%

System Evaluation
Module 3-4

Combmmg the flo\\-s from the t\\O laterals shows an mitIal umformity of 72%, Table
2 and FIgure 3 ThIs IS a margmally acceptable umformlty The target lITIgatIOn
water applIcatIon volume was 840 lIters for seven trees over two hours In the Inltial
condItIOn, the water del1\ ery was 1,528 2 lIters for the seven trees, 182% ofthe target
\olume ThIS Illustrates that an acceptable umformity does not necessanly mean the
system IS operatmg at Its hIghest potentIal Under the mitIal operatmg condItIOns
there would be sIgmficant quantItIes of IrrIgatIOn water lost to deep percolatIon

After adjustment, the EU Increased to 90% and the lITIgatIOn applIcatIOn IS 109% of
the target These values are good and mdlcate that there IS lIttle wastage of lITIgatIOn
water
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FIgure I UmformIty for lateral I, seven mICro spray emItters
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FIgure 2 Umformlty for lateral 2, seven mIcro spray effiltters

76345
MIcro Sprayer Number

2I'
I
I



OBSERVATIO,\S ~;'\lD RECO'l\IEND~TIO'\S

13

FIgure 3 Results from combmmg flo\\s from the two laterals senmg one
row of CItruS trees

S"stem E"aL_'lnn
II.,lodu1e :-4

76

,
\ Unadjusted

\ EU = 72%
I

,----------
.". ---

.~-----..,-"""'- -- --

345
Micro Spra} cr Number

2

-----

-_-./

1

100 ""-..... Target applIcatlOll

300

on 250 \
.... ,
u , r-----:= \

I
I

"0

/u ,...
U \

== 200 \
,

~
I

0 , /... ,
u

\ ""CO

~ 150 Adjusted
'jEU= 90%

4 I ObservatIOns

• The ends of several laterals \Yere opened and allo\Yed to dram Many had a
large dIscharge of sedIment mdicatmg that a regular flushmg program IS
not follovl'ed Those that were plugged had flow to the lower end after
flushmg GIven the poor qualIty of IrngatIOn water mtroduced mto the
lateral lmes, each lateral should be flushed at the end of each lITIgatIOn
peflod

• Lateral hnes takmg off m the second half of the mamfold suffer from
pluggIng and weak pressure m the ends As the above test sho\\s
aOJustment of flows along the lateral can mcrease pressures at both ends of
the lateral IncreaSIng pressures at the mlets to the laterals wIll In turn

mcrease the pressure In the mamfold

• It was observed that when the mICro sprayers were adjusted to decrease
IrrIgatIon water applIcatIOns and mcrease the UnIformIty ofdIscharge down
the lme, they no longer sprayed but had a streamer dIscharge ThIs
mdicates that pressure m the lateral lme IS exceSSIve There are two wa" s
to correct tlus problem, both wIll gIve the same flow rates for each sprayer
(1) The pressure m the manIfold can be decreased by partIally closmg the
mam valve to the mamfold (2) The lITIgatIOn tIme can be decreased to
one hour (or less), whIch would double the applIcatIOn rate, allowmg the
sprayers to functIOn as deSIgned The second approach would be preferred
because of the dIfficulty In adJustmg the mamfold valve to set a gI\ en
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System Evaluation
Module 3-4

pressure For the farm evaluated basIns are constructed around each tree
and the InfiltratlOn r:lte appears to be sut1!Clent to handle the hIgher
apphcatIOn rate

• The slope of the manIfold IS 0 041 m/m IhIs :::.lope IS steep enough to
offer some pressure Increase to compensate for frIctIon losses

4 2 RecomrnendatlOns AdJustmg MICro Sprayers

AdJustmg the mICro sprayers on the laterals can reduce the pressure differentlal
m the manIfold Adjustment of laterallme flo\\s need not be a tIme consummg
operatIOn By measurmg a few sprayer dIscharges) the person domg the
adjustment can develop an "eye" for the apprOXImate flow rate that IS deSIred
The procedure IS

• Flush each laterallme on the marufold, mak.e sure all are free flowmg out
the open end (replace lateral hnes If reqUIred)

• Remove and plug the holes for all non-operatmg or no longer used mICro
sprayers, bubblers, or other mserted emItters replace those desned but
plugged (have all sprayers on a lme m workmg order),

• Startmg at the first lateral (closest to the head of the manIfold) go down
each lateral from the head (manIfold end) to the end adJustmg mICro
sprayer flow rates,

• After completmg the adjustment of all the mICro spra) ers on each of the
lateral hnes the first tIme, repeat once more I\\o passes down each lateral
lme WIll sigruficantly mcrease the emISSIon UnIformIty

1 he followmg dISCUSSIOn assumes that the proper SIze of lateral hnes are bemg
used for the flow rate deSIred and the hnes are not plugged (free flowmg when
the end 15 opened)

There IS a reason for adJustmg mICro sprayer flov.s b) startmg from the lateral
head and workmg to the tall As each sprayer IS adjusted It changes the pressure
and consequently the flow rate, m the lme downstream It also causes the same
changes upstream but to a lesser extent When the end pressure IS SIgnIficantly
lower than the head pressure, whIch Imphes hIgh flows If the lateral hnes are of
the proper SIze, on the first pass down the lateral each sprayer should be adjusted
to shghtly less than the deSIred flow rate As the flow rates per sprayer on down
the lme are decreased and the two end pressures are equalIzed the flow rates per
sprayer up the lme WIll mcrease

When mIcro sprayer flow rates are low and need to be Increased, the pressure m
the Iaterallme WIll drop WIth adjustment In thIS case, as one moves down the
lateral adjust the flow rates to shghtly hIgher than deSIred

3 Needed would be an empty 011 can With the top removed, to catch the sprayer discharge, a graduated
cylinder to measure the water caught, and a stop watch or watch With a second hand to time the
discharge capture
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System EvaluatIOn
Module 3-4

The same pnnc1ple apphes to the laterals on the submam I\dJustmg each mIcro
sprayer on a lateral \\111 cause the pressures at the head of the lateral, mamfold
end, to change All mIcro sprayers on all laterals on the manIfold should be
adjusted once before any second adjustment IS made ThIs WIll ensure that
pressure changes m the mamfold are mfluencmg all laterals
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p= QxTDH
K

227

0627

wkWh*/fuel umt

066

238lIter

kWh

DIesel

Electnc

Energv Source Fuel Umt

* water kilowatt-hour per fuel umt

where P = water pov..er III kWh or water norsepo\Ver, <...2 = flow rate III m3 s, TDH =
total dynamIC head m meters, and K = 0 102

Once the water power IS determmed and the fuel use per hour IS measured then the
actual pump performance can be detenmned WIth the formula

P
Actual Pump Performance =-------

Fuel Use per Hour

and the results from thIS equatIOn can be substItuted mto the followmg formula to
determme the comparatIve pumpmg plant effiCIency, not the true pumpmg plant
effiCIency

C Effi
Actual Pump Performance

omparatlve ICIency = ------"------
Pump Performance Standard

Pt \IPING PLANT EFFICIE1'IC\

D·HA COLLECTION & ANAL\SIS

Table 1 PumpIng plant performance standards

DIrect Dnve Gearhead or V-Belt Drne

The procedure for runnIng an IrngatIOn pumpmg plant effiCIency test IS based on
measunng the energv Into the system and the energy that leaves The energv Into a
Sy stem IS the fuel used per hour and the energy leavmg the system IS the \Vater PO\\ er
To deternune water power, the followmg formula IS used

1 hTRODlCTION

The aim of a pumpIng plant efficiency test IS to compare the actual prevaIlIng
performance condItlOns of the pumpmg plant agamst standards PumpIng plant
effiCIency IS a product of the effiCIenCIes of the po\\er umt, pump, and If used, a
transmiSSIOn and gearhead The effiCIency of the pumpmg plant affects the amount
of energy consumed IneffiCIent systems can mcrease energy consumptIOn and
ImgatlOn costs conSiderably To measure the effiCIency of pumpmg plants an
energy standard IS used The standards for pumpIng plants are given In Table 1
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Module 3-)

The important values that must be measured accuratel; are the flow
rate, total d}namlC !lead, and the/ueluse per !tour

2 D.\T.\COLLECTIOl\

0\ erall accurac\ of the tests can be enhanced If certam measurements are tak.en
dunng a specIfic time mterval For example \\;lter output and energy use
measurements should be taken at the same tIme mtenal vvhen usmg a propeller \\ater
meter A small change m water output dunng the test '\ould reflect a correspondmg
change m energy consumptIOn If the measurements are taken dunng the same tIme
mten al the average flow rate and the average energ) consumptzon dunng the test
tIme mterval would correspond ThIS same Idea applIes to the dIscharge pressure and
hft head measurements They should be taken at the same tIme as mdicated
pre" IOusly

2 1 Flow rate

Flow rate can be measured wIth a cahbrated propeller tvpe flow meter The
meter must be mstalled m the pump dIscharge pipe before any branches thiS
rna" reqUlre cuttmg the dIscharge pIpe and repamng It ,,,hen the test IS fimshed

2 I 1 LocatIOn and mstallatIOn of the meter

The meter should be placed a mmImum of one meter do\\nstream of
any obstructIOn, such as an elbo\\ tee or \ahe The meter must be
placed ahead of any pomts \\here \\ater IS lost from the pIpe lme

2 The meter must be mstalled \\lth the flo\\ passmg through the meter m
the dIrectIOn of the arrow cast mto the meter housmg

2 I 2 Fmdmg the flow rate

The pump should be runmng long enough for the lITIgatIOn system to
stabIlIze before takmg any readmgs The flow rate should equal that
normally used durmg IITIgatIOP

2 The meter must have full water flo\\ through It If not flowmg full,
you must elevate a pIpe sectIOn do\vnstream from the I11der to cause It
to flow full

3 Watch the small dIal on the meter You WIll notIce that when It IS at
the "0" pOSItIOn, all the numbers m the totalIzer are centered

4 Start the stopwatch when thIs hand reaches the "0" pOSItIOn and
Immediately record the number from the totalIzer on the data
worksheet, see FIg I

5 Walt at least 5 mmutes, It IS best to use the same tIme penod as that
used for the energy use determmatIOn

6 Stop the stopwatch when the hand reaches the "0" pOSItIOn and
IInmedlate1y record the numbers from the totalIzer on the data
worksheet, see FIg 1

2



2 2 I SuctIOn Head

FIgure 1 Face of a typIcal propeller flo\\ meter

System Evaluation
Module 3-5

90AKO 'l5n?
80 On 50 m3/h F85

20 bar m3 03 383

Schlumberger
WOLTEX

WEG

®

7 Record the tIme on the data worksheet

8 Calculate the flo\\. rate In mJ/sec usmg the \\orksheet

A more accurate mstrument would be an ultrasonIc flo\\ meter ThIS meter

does not reqUIre shuttmg off the pump or lITIgatiOn system No
dIsturbance IS made to the plpmg SJ stem consequently the tests can be
made qUIcker

A vacuum gauge can be used to determme the suctIon head The vacuum
gauge readmg wIll account for the elevatIon of the pump from the water
surface (hft) and also the fnctIOn, suctIOn, and velOCIty losses due to the
suctIOn pIpe The resuItmg suctIOn head can mdicate whether the suctlon
conditlons are exceedmg the reqUired NPSH ofthe pump

2 2 1 1 Procedure

1 Install a vacuum gauge (see gauge mstallatlOn below) as near
as pOSSIble to the suctIOn entrance of the pump

Note There IS no correctIOn for elevatIOn of the gauge
above or below the suctIOn entrance The true readmg
IS at the pomt of attachment to the pIpe

2 When the system IS operatmg and stabIhzed, take the readmg

3 Convert the vacuum readmg to meters of \\ ater and record on
the worksheet as Suction Lift SuctlOn Pipe Loss would be 0 If

Total DynamIC Head

The total dynamIC head IS the sum of the lIft from the \\later surface to the pomt
where the dIscharge pressure IS measured and the dIscharge pressure converted
Into head
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the gauge IS near the pump suctIOn entrance, othef\\ Ise
measure the length of pIpe between the gauge and pump and
enter It as SuctIOn PIpe Length

Inches ofHg x 03453 = meters of water

cm ofHg x 0 1359 = meters of water

When a vacuum gauge IS not avaIlable, the suctIOn head can be
estImated as follows

1 Measure the dIstance from the water surface to the center of
the pump mtake

2 IdentIfy all sources of fnctIOn loss m the suctIOn Ime and
calculate a head loss through each fittmg, see FIg 2

EstImate headloss through each fittmg by apph mg the
appropnate reSIstance coefficIents For all fittmgs other than
the abrupt and concentnc contractIOns, the headloss IS
computed as

",here hf = fnctIOn headloss, m, K = reSIstance coefficIent
(Table 2), V = flow velOCIty, mfs, and g = acceleratIOn of
graVIty = 9 81 rnIs2

For the abrupt contractIOn, K IS calculated from

K = 0 7 [1 - (Dr)2]

where Dr = ratIO of small to large InSIde dIameter

DIscharge

FIgure 2 Sources of fnctIOn loss In the suctIOn lme

3 The total estImated suctIon head IS the sum of all fnctIOn head
losses and the dIstance measured In step 1

4
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I~ Table 2 Values of resIstance coefficIent K, for standard pIpe fittmgs and vahes

I Nommal diameter - mm (m)

Standard fittmg 75 100 125 150 175 200 250 300 350
or valve (3) (4) (5) (6) (7) (8) (10) (12) (14)

I Elbows Flanged
Regular 90° 034 031 030 028 027 026 025 024 a I"'--'

I Long radIUs 90° 025 022 020 018 o17 o15 014 o13 012
Long radIUs 45° 019 018 o18 o17 o17 o17 o16 015 o15

Elbows Screwed

I Regular 90° 080 070
Long radIUs 90° 030 023

I
Regular 45° 030 028

Bends
Return flanged 0"" 030 029 028 027 025 024 023 023-'-'

I Return screwed 080 070

Tees Flanged

I
Lme flow o16 014 o13 o12 011 010 009 008 008
Branch flow 073 068 065 060 058 056 o-7 049 O-p:L

Tees Screwed

I Lme flow 090 090
Branch flow 1 20 1 10

I
Vah es Flanged

Globe 70 63 60 58 57 56 55 54 54
Gate 021 016 013 o11 009 0075 006 005 004

I Check. 20 20 20 20 20 20 20 20 20
Angle 22 2 1 20 20 20 20 20 20 20

Valves Screwed

I Globe 60 57
Gate 014 012

I
Check 2 1 20
Angle 1 3 1 0

Foot Valve 080 080 080 080 080 080 080 080 080

I Basket Stramer 125 105 095 085 080 075 067 060 053

Inlets or Entrances

I Inward 078
ProJectmg

Sharp cornered 050 All dIameters

I SlIghtly rounded 023 All dIameters
Bell-mouthed 004 All dIameters

I Sudden enlargement K == [l-(DrlJ2 where Dr == ratIO of small to large InSIde dIameter

I Concentnc expanSIOn K = 2 6sm(e/2)[I- (D r )2r
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S\ stem Evaluation
Module 3-5

222 DIscharge Pressure

The pump not only expends energy to lIft v.ater but also to put the \\ater
under pressure To measure the dIscharge pressure calIbrated pressure
gauges are used

2 2 2 1 Procedure

Install the pressure gauge as close to the pump dIscharge as
possIble, before any branches m the pIpe system The pressure
gauge must be placed (upstream) before any valve m the pIpe
lme

2 When the system IS operatmg and stablhzed, take the readmg
The dIscharge pressure should equal that normally used for
IrrIgatIOn

3 Convert the pressure readmg to meters of water and record on
the worksheet

The total d) naImc head IS the dIfference between the gauge readmgs GIven that
the suctIOn SIde readmg IS a vacuum 1 e , a negatIve pressure the TDH IS the
sum of the 1\\0 absolute values

223 Gauge InstallatIOn

Most pressure and vacuum gauges v.-IlI have a 1/4" tapered pIpe thread If
an eXIstmg hole m the pIpe IS larger use a reducmg bushmg to mstall the
gauge

If no tapped hole IS avaIlable for use, a 7/16" hole can be dnlled at the
proper locatIOn and tapped for 1/4" pIpe threads Do not dnll mto thm
steel or alummum pIpe, the pIpe wall thIckness must be at least 1/16" m
order to tap the holes

223 I Procedure

1 Use a center punch to mark the pIpe at the proper locatIOn for
the pressure gm..ge

2 Use a 1/4" dnll bIt to dnll through the pIpe at the center punch
mark

3 Use a 7/16" doll bIt to enlarge the 1/4" hole to the proper SIze
for the tap Be sure to dnll squarely mto the pIpe

4 Tap the hole usmg a 1/4"-18 NatIOnal pIpe thread SIze tap
Use a lubrIcant on the tap A 7/16" 8-pomt socket can be used
With a 3/8" drIve ratchet to dnve the tap If a tap drIve handle IS
not avaIlable If the tap begms to turn hard, reverse the
dIrectIOn 1 tum, and then contmue Be sure to tap squarely

6
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System E\a[uatlOn

~1cdule 3-5

Important Only tap Into the pIpe about halfway on the
tap TappIng too deeply may make the threads too
large to use a pIpe plug to seal the hole after the test

Be careful not to over tIghten the gauge as damage may result to the
threads Use a wrench to tIghten the gauge, It need only be snug -\ pIpe
sealmg compound or teflon tape IS recommended to elImmate leak.age and
proVIde lubncatIOn for the gauge threads

2 3 Energy Use

2 3 1 Electnc Motors

The energy use rate m kIlowatts (kW) can be determmed by usmg the
eXIstmg watt-hour meter (electrIC meter) at the pump SIte The k\\ usage
IS found by countmg the dISC revolutIOns over a perIod of time and domg a
SImple calculatIOn

Important Often there are addItiOnal loads on the electrIC me,cr
other than the pump motor If pOSSIble, these other loads must ::'e
turned off durmg the test

2 3 1 1 Procedure

The motor and pump should be allowed to operate J fev,
mmutes before takmg the readIng

2 Locate the revolvmg dISC m the EXIstmg watt-hour meu:r for
the pump and the black mark on thIS dISC, see FIg 3

kWh

A C 11 PH 2W I IClass 2 0I
Type IDE41 1220/2301 V 120·80IA

[§Q] Hz 12251 rlkWh

FIgure 3 Face ofa typIcal electnc kWh meter

3 Start the stopwatch when thIs black mark IS In VIew and begm
countmg the revolutIOns

4 Contmue countmg untIl at least 10 revolutIOns have occurred
Seldom IS 20 or more revolutIOns necessary

7
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System EvaluatIOn
Module 3-5

5 Stop the stopwatch ""hen the black mark on the watt-hour
meter diSC passes the same pomt where you started

6 Record the revolutIOns and tIme on the data worksheet

7 On the meter dIal face you \\111 need to find the "r/k\\b"
factor see FIg 3 Record thIS number on the ""orksheet
(TypIcal r/kWh numbers are 200 for 20 - 80 A meters, or 450
for 10 - 40 A meters)

8 Calculate the energy use rate m kW usmg the worksheet

2 3 2 DIesel Engmes

To determme the energy use rate m hterslhour, the amount of dIesel fuel
used IS measured over a penod of tIme The fuel can has a sIght gauge that
IS marked m lIters and has 1/4 hter diVisIOns between the lIter marks The
sIght gauge IS used to determme the number of lIters used and the tIme
mterval to use that fuel From thIS data the lIters of fuel used per hour can
be determmed

2 3 2 1 EqUIpment Setup

I FIll a calIbrated 20 lIter fuel can \\lth sIght gauge, see FIg 4
wIth dIesel fuel

2 Most diesel engmes WIll have a fuel supply lme to the engme
and a return fuel lme to the tank Both need to be used wIth
the fuel can

3 Hook up the supply lme from the bottom of the fuel can to the
engme, or use the eXIstmg supply hne and connect It to the fuel
can

Important When sWItchmg from the dIesel supply tank
to the fuel can all aIr must be removed from the hoses and
£ttmgs Bleed aIr from these lInes by allowmg dIesel fuel
to run free through the Ime before makmg the connectIOn

Air m the fuel system can cause the engme to stall and
may requzre repnmmg ofthe fuel system

4 If the engme has a return lme. connect It to the top fittmg on
the can. or use the top hose on the fuel can and connect It to
the return hne fittmg on the engme Loosen the fill cap on the
can to allow aIr to enter

Note The return lme may be placed mto the fill spout on
the fuel can If you Wish

2 3 2 2 Procedure

I The engme and pump should be allowed to warm up and
stabIlIze before begmrung the test

8 \ \\



DATA AN.\LYSIS

.3 1 Curillllon Causes for InetfIciencIes

S"stem EvaluatIOn
Module 3-5

The pumpmg plant energy use IS compared to the e-rpected energy consumptIOn
reqUIred to produce the same horsepower If the pumpmg plant IS effiCIent Therefore,
the calculated efficIency IS a comparatIve efficIency The expected or performance
standards are gIven m Table 1 Table 3 gIves an evaluatIon of the actIOn needed
based on the measured comparatIve effiCIency

EvaluatIOn

Operatmg satlsfactonly
CorrectIve actIon should be consIdered
ImmedIate correctIve actIOn needed

~90

80 - 90
< 80

Table 3 EvaluatIOn of the pumpmg plant test

ComparatIve
Lfficlency percent

A plugged mtake lme screen

\\ om pump Impellers, often caused by sand III the lITIgatIOn water
Centnfugal pump Impellers should be mspected for wear and that they are of
the correct diameter

The reqwrements of the system have changed from the deSIgn system
expansIOn, worn nozzles/etnItters, or leakmg pIpes

See Table 4 Pumpmg plant trouble shootmg

9

4 Stop the stopwatch when the fuel level In the sIght gauge
crosses a dIVIsIOn IIlle, see FIg 5 Record thIs readmg and the
time on the data worksheet

5 Calculate the fuel use m lIters/hour usmg the worksheet
6 Reconnect the fuel and return hnes after the test Agam, make

sure the aIr In the lIne IS bled off

2 Start the stopwatch when the dIesel level m the can crosses a
dlvlSlon lIne on the sIght gauge, see FIg 5 Record thIS start
readmg on the data worksheet

3 Allow the system to run long enough for a mInImum of4 bters
of fuel to be used The more dIesel fuel used WIll allow for a
more accurate measurement

•

•

•

•
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Problem

Pump falls to pnme

Pump falls to delIver
suffiCIent pressure or
dIscharge

Output pressure
mcreases but the
discharge decreases

Pump dehvers water
but later stops
dehvenng

Pump takes too much
power

Output, effiCIency,
and power
consumptIon low

S\stem Evaluation
Module 3-5

Table 4 Pumpmg Plant Trouble Shootmg

Cause Requmng CorrectlOn

• AIr leakmg mto the suctlOn pIpe or pump
InsuffiCIent pnmmg
Leaks m suctIOn pIpe couphngs
Dell\. ery valve not fully closed
SuctIon pIpe mlet not far enough below the water surface

• SuctIOn pIpe mlet blocked by debns

• Pnmmg system may be faulty

• AIr may be leakmg mto the suctIon pIpe or pump, but not enough
to lose pnme

• SuctIOn pIpe mlet or pump Impeller may be partIally blocked \\Ith
debns

• Suction hft ma) be too hIgh

• Pump speed may be too low A loss of 20% m pump speed v. 111
reduce the dIscharge by 20% and the pressure b) ..1-4%

• Pump beanngs may be worn and \\ ater IS leak.mg back. mto the
suctIOn SIde

PIpes or lme filters may be blocked ThIS IS charactenstIc of a
centnfugal pump runnmg at a constant speed

• AIr rna\ have accumulated at a hIgh spot m the suctIOn pIpe If
thIs aIr suddenly moves up mto the pump It may cause loss of
pnme

• Au rna) enter the suctIOn Inlet If the water level drops dunng
pumpmg Watch the water surface for a whIrlpool near the
mlet through whIch au can enter

• See above lIsted problems and causes

.. Thfrt> may be leaks In the maInhne or laterals or a pIpe burst ThIS
causes the pressure to fall and the dIscharge to nse thus
Increasmg the power requIrement

• Pump speed may be too hIgh

• There may be mechanIcal defects In the pump or power umt
Check that the pump can be easIly rotated by hand, If not
check the lubncatIOn system and look for bmdmg parts If
pump rotatIon IS not a problem open the pump and check the
Impeller for wear or damage

PartIal aIr blockage In the Impeller eye a solId obstructIOn upstream
of the Impeller, or rough water flow passages

10
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Water vapor bubbles collapsmg on Impeller and caSIng caUSIng
caVItatIOn

ObstructIOn to flow or e\.cessnely rough water flow passage v"a\ s
bet\\-een Impeller and pomt of pressure measurements

System Evaluatlon
Module 3-)

Inexact pump-motor-pIpe alIgnment

CorrosIOn from chemIcals, hIgWy salIne water, dISSImIlar metal
contact

ObstructIOn to water flm\ downstream (dIscharge SIde) of the
Impeller

Entrapped alr or aIr leakage mto pump Common problem cause
SItes are

Jomts m suctIOn lme flanges, bushmgs, mpples, dram plugs
SuctIOn Side of the pump casmg

Impeller and pump
case damage, pump
knockIng

Reduced pump output Clogged impeller
and VIbratIOn

Reduced output and
efficiency, power
reqUIrements
unchanged

HIgh po\', er demand,
surgIng vIbratIOn,
and au pumped

PittIng and eatIng
away of metal on
pump case and/or
Impeller

Shutoffhead remams
unchanged but falls
off rapIdly With
mcreased flow rate

Low flow rate,
decreasmg flow rate
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System Evaluation
Module 3-5

TIme 15

14 minutes
oseconds

10

8 lIters
Stop Position

5

Start Position

145 liters 15

TIme
omInutes

10oseconds

5

htersx60 (145-8)1 x60mlnutes/hour
Fuel Use = = '(lers) = 27 86 lIters / hr

minutes 14 - 0 mmutes

Figure 5 Example start and stop pOSItIOns

FIgure 4 DIesel fuel test can wIth calibrated sIght gauge

12
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S\stem E\alu3tlOn
\1odule 3-5

* DIscharge Pressure 40 05 m
[PSI x 0 7032 =m , bar x 10 3327 =m ,kPa x 0 1033 =m]

IRRIGATION PUMPING PLANT EFFICIENCY \VORKSHEET

CASE STLD\ I

-.--'6'---_ m

Date 1 1 11 1996

End 2171 2

SuctIOn Pipe Length

[SuctIOn pIpe length x 0 02]

[(m.) stop - m3 start) 1tIme =m3/sec]

sec

217

WERSC

NA

Farm UmtNo

Start 21447 m3
-~'--'-'---

__---"0.....:.1=2'-- m

10 mm x 60 = 600

004417 m3/sec

__-=2:....:5::..--_ m

* Suction PIpe Loss

* SuctIon LIft

Total DynamIC Head (TDB) 4267 m [Sum of three starred (*) Items]

Water Power (kWh) 1848 [(m3/sec x TDB) 10102]

ENERGY
ElectriC

"rIkWh" Factor 450 No ofRe\oIutlOns 15

TIme for revolutIons 335 sec

Energy Use (kWh/hr) 3582 [(Rev x 3600)/(Factor x sec]

Hours used Annually 1,525 Energy Cost 0042 JD/kWh

Diesel

Fuel level readmgs Start lIters Stop hters

Elapsed tIme mm 160 = hr

Energy use (literslhr) [(lItersstart - htersstop) 1hr]

Hours used Annually Energy Cost JD/hter

TOTAL DYNAMIC HEAD

GENERAL INFORMATION

FLOW RATE

Elapsed TIme

Pumpmg Rate

TotalIzer Readmg

Pump Type and Model CentrIfugal, Corne1l4WB

Pump Age 10 000 hr Power Source Electnc motor

Motor Horsepower 32 2 Dnve Type -=D~Ir=e=ct=-=D=n,-,-v.::..e _

Farm Name

Pump Testers

DA- 25

I
I-

I
I
I~

I
r
I-

I
I
I
I-
II

I~

Ii
I
I
I
I
I



14

System Evaluation
Module 3-5

Companson Efficiency 78 8 %
[(Measured Pumpmg Efficiency / Standard Pumpmg EfficIency) \. 100]

Extra Energy Use 759 kWh/hr or Llter/hr
{[(100 - Companson EfficIency )/1 00] x Energy Use}

AdditIOnal Energy Cost 483385 JD/year
[Extra Energy Use x Energy Cost x Hours used Annually]
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PUMPING PLANT EFFICIEl\CY

Measured Pumpmg Efficiency 052 [Water Po\\~r I Energy Use]
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System EvaluatIOn
Module 3-5

PLMPING PLANT L.\\'Ol T

Gauges and Meters

Pressure Yes No Age

Scale Range Model

Manufacturer

Vacuum Yes No Age

Scale Range Model

Manufacturer

Flo\\ meter Yes No t-\ge

T\pe Model

Manufacturer

Sketch of S} stem Layout

t--+--l---'I---1f---i--f. ~ ---+--+--+--+--+--+--+--+--t--t--t--t--+--+-+-+--+--+-+-+-+-+-t--t
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System EvaluatIon
Module 3-5

/199/

___ m

_ ~s------==--

_____ hters

Date

End m3
------

[(htersstart - htersstop) / hr]

Energy Cost JD/lIter

[(m3 stop - m3 start) / tIme = m3/sec]

SuctIOn PIpe Length

[SuctIOn pIpe length x 0 02]

[(Revs x 3600)/(Factor x sec]

Energy Cost JDIkWh

No of Revol ...tJons

Diesel

ElectrIc

Power Source

DnveType

_______ sec

Start m3
------

_____ m

mm x 60 = sec-- ---
m3/sec-----

Start lIters Stop

___ mm /60 = hr

"r/kWh" Factor

* Suchon LIft

* SuctIOn PIpe Loss m

* DIscharge Pressure m
I

[pSI x 0 7032 =m , bar x 10 3327 = m , kPa x 0 1033 = m]

Total DynamIc Head (TDH) m [Sum ofthree starred (*) Items]

Water Power (kWh) [(m3/sec x TDH) / 0 102]

Fuel level readmgs

Elapsed tune

Energy use (llters/hr)

Hours used Annually

Energy Use (kWh/hr)

Hours used Annually

TIme for revolutIOns

IRRIG.\nON PrMPING PLANT EFFICIENCY WORKSHEET

Farm Name

TOTAL DYNAMIC HEAD

GENERAL INFORMATION

DA - Farm Umt No

FLOW RATE

TotalIzer Readmg

Elapsed TIme

Pumpmg Rate

Pump Testers

Pump Type and Model

Pump Age

Motor Horsepower
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System Evaluation
Module 3-5

Companson EfficIency %
[(\1easured Pumpmg EfficIency / Standard Pumpmg EfficIency) x 100]

E'\.tra Energy Use kWh/hr or LIter/hr
{[(l00 - ComparIson Efficiency)/l 00] x Energy Use}

AddItIonal Energy Cost JD/year
[Extra Energy Use x Energy Cost x Hours used Annually]

)~

[Water Power / Energy Use]

PlJMPING PLANT EFFICIENCY

l\Ieasured Pumpmg EfficIency
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