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F O  R E W O  R D

World wde. concerted efforts are
being made to improve ifr igaton
water-use efficiences to enhar]ce
crop production in irr igated agricul-
tufe. However the injudic ous use of
poor qua ity water is often associat
ed wrth the development of soi sa in-
ity, sodicity, ioxicity, and many other
soils and envjronmentai degfadallon
factors. In this regatd, an under
standing of the quali ty of irr igation
water plays an important role.

Salinlty. sodicity and toxicrty are
major problerns caused by irr gal ion
water Sallnily refers io the toial con-
centration of dissolved salts in water
and soil  l t  reduces crop growth and
yled. 1n arid areas where rainfal l
does not adequately leach salts from
the soll  there occufs an accumula-
tion ol salts in the crop root zone
Thus, pefrodic testng of sois and
waier are requlred 10 monitor ihe
change n salt content. Sodicity
relers to the presence of excess
sod um wh ch deteriorates so I
struciure and reduces water pene
tration nlo and through the soil
Toxcty refers to specfic salt con-
sti luents, such as chloride boron
sodrum and some trace elements,
which are toxic to cedain crops at
relatively low concentrations.

Dr Shabbif A. Shahid. who has
been active y involved for ovef lhe
Last two decades in soi and water
research in arid and semi arid
regions has very ably synihesrzed
the rnformation ia this manual. Thls
manual presents various aspects of
rrigation water quality, water quality
criteria, procedures to determine
water qua ity management lssues,
crop y eld forecast ng as wel as soils
fesponses io the uses of dffefent
quali ty rrr igation watefs. The manua
has been desjgned nlo an easy to
read language and Lrser-friend y for-
mal.

This publcal ion is a product of the
commitmeni man fested n the vtslon
of future irrgated agricultural
research rn the Emirate ofAbu Dhabi
and wil serve as an edLrcation tool
tof researchers, agriculluf sts, farm-
ers and students We are cedain lhat
countless individuals throughout the
years will beneiit from information
contained in this manual.

M a j i d  A l  M a n s o u r i
Secretary Genera
Envifonmenta Research and
Wi dl j fe Deveiopmenl Agency
Abu Dhabi Em rate
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A b o u t  t h e  A u t h o r

Shabbir A. Shahid, a former soi l  sci-
enlisi with the Environmental
Research and Wildlife Development
Agency (ERWDA) of the Emkate of
Abu Dhabi. Dr. Shahid earned M.Sc
(Hons) in Soil Science from the
Univefsily of Agriculture Falsalabad,
Pakistan and a Ph.D- from the
Unive|sity College of North Wales,
Bangof, UK. He has over t\,vo
decades of teaching and research
expeiience and has led research on
the soils from arid and semi-arid
regions. He published more than 75
scientific papers in refereed journals,

proceedings of the inlernational con-
ferences and symposia. He also
published more than 30 technical
reports. Before joining ERWDA Dr.
Shahid was Associate Professor of
Soil Science in the University of
Agriculture, Faisalabad, Pakisian
and at the Kuwait lnstituie for
Scientific Research, Kuwait where
he was Principal Investigator, Task
Leadef and Quality Assurance
Expen rn me 50 Survey ol Kuwafi
projeci, compleled in '1999.



A c k n o w l e d g m e n t s

This publicalion is an effort by
ERWDA to assist the Emirate's soil
resource users to assess water quaF
ity and forecast soil responses to
these wateas in irfigated agriculture.
The information is assembled from a
number of sources and the authofs
experience in the subjecl malter is
also expressed ln this manual. lt
aims to assist 'n the assessment of
water quality for its suitability for irrF
gation purposes. The auihor wishes

lo ihank I\4r. Mohammed At-Bowardi,
I\,,lanaging Director of ERWDA and
I\,4r. l\,,lajrd Al-Mansouri, Secretary
General of ERWDA for support and
advice in compleling this manual 10
aid in improving irrigated agricr.rltural
practices in the Emifate of Abu
Dhabi. ERWDA staff is acknowl-
edged for review of this publication
and for providing usefulcomments to
complete it in a professional way.
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I n t r o d u c t i o n

Supplemental water is a must to pro-
duce profitable crops in most arid
and semiarid regions. lrrigation js the
only way to offset the waief fequire-
meni of the pJants. The success of
irrigated agriculture lies wjih both the
quantity and quality of irrigation
water. lrrigation can be accom-
plished by fresh water, and ii suffi-
cient quantities of fresh water afe nol
avaiiable, fresh water could be used
conjunctiveiy wiih brackish water, ol
altefnate (cyclic) fresh and brackish
water irrigation can be used. In situ-
ation where fresh water is unavail-
able, brackish waief can substitule
fof fresh watef completely, but iis
use can cause soil salinity problem.
Therefore, careful management is
always required to use brackish
water successfully.

ln irrigated agriculture, irrigatjon
water is the primary source of salts.
Poor-quality irdgation water is gener
ally of more concern in afid condi-
tions. lrrigation water, which is not
stored or losi by evapotranspiration
moves through lhe crop root zone,
and eventually reaches the walef
table. This percolating process
leaches (flushes) soluble salis from
the soil .  l f the amount ofwater leach-
Ing ihfough the sojl is too low io
remove salts, the soil's salt content
increases and crop yields may
decrease. In such situations, the soil
is said to be salt-affected. Undef
ihese conditions, economical crop
pfoduction is not feasible without
feclarnation. The reclamalion

process requifes large amounts of
non-saline waier to leach the salts
from the intended crop footzone and
possibly chemical amendmenis.

The three major types of salt prob-
lems are salinity, sodicity and toxici-
ty. Salinity refers to the total concen-
tration ofdissolved salts in the soilor
waier. Salinily causes reduced crop
groMh and yield loss becalrse the
plani must redirect energy from
growing to extracling pure water
from saiine water in its root zone.
lhis additional energy expenditure is
called osmotic stress; it is similar in
impact to dfought skess.

Sodiciiy, the presence of excess
sodium, deteriorates soil structure
and reduces water pene{ration into
and through the soil. Similaf to
drought and salinjiy, excess propor-
tions of sodium, in comparison to
calcium and magnesium, reduce
water avaiJability to the crop.

Toxicity refers to specific salt con-
situents, such as chJoride, boron,
sodium and some trace elements,
whrch are loxic to cerlain crops at
relalively low concentrations. Trees
and oiher woody crops are often
sensitive to these poienlially toxic
eiements.

In this manual qLral i ty of irr igation
waters is dealt with n detail. The
expected responses of soils to the
uses of different irrigation water
quali t ies are also discussed.



Assessment of water
suitability for irrigation

Numerous schemes have been pro-
posed for classifying waler with
respect to its suitability for irrigation.
Most ol these schemes involved
classification of water qua ity for
average use conditons in general
(Richards, 1954; EPA, 1972) or for
some regional situations (Thorne
and Thorne, 1953; Handa, 1964).
Rhoades (1972) po nted oui that ihe
conventional approaches of water
quality assessment (then preval-^nl)
were inadequate. The suitabi l i ty of
irrigation water needs 10 be evaluat-
ed on ihe basis of specific usage
condit ions, such as crops grown, soi l
properties, iffigation management,
cultural practices and climalic condi
t ions. Conseq!enlly the prevajl ing
pfocedures for the evaluation of irri-
gation water quaLity musl be tak-.n
as gLridelines only, to be used in con-
junction with knowledge of ocal con-
dit ions of use.

Quality of lrrigation
Waters

The concentration and composilion
of dissolved constiiuents in waler
delermine its quali ty for irrgation
use. The quality of the water is an
impo.lani issLre in any appraisal of
salinity n an irrigated area. There
are four basic criteria for evaluaiing
water qua ity for irrigation purposes:

a Tolal soluble sal l  conteat (sal ini-
1y hazard) and e ectrica conduc-
tivity.

a Relative proportion of sodum
cations (Na*) to other cations
sodium adsorption raUo (sod um
nazata).

Residual sodium carbonates
(RSC) bicarbonaie anion
(HCO3) and carbonate anion
(CO32 ) concentrat on as related
to calcium (Ca2*) Pl ls magne-
siurn (l\,49r*) calions.

Excessive concentraiion of ele
ments that causes onic imbal
ance in plants or ioxicity

The firsl three criteria are assessed
by measuring the e ectrical conduc-
i iv i ty,  soluble anions (CO32, HCO3.,
CL , SOa, ) where Cl and SOa, are
opt ional,  and soluble cat ions (Na',
K+, Ca2+, Mg2+) where K is opt ionat.
The pH of irrigation waler is not an
acceplable crilefion of waler quality
because lt tends lo be buffered by
the soil and most crops can tolerate
a wide pH range. A detai led descf p-
t ion of the technlques cornmony
employed for the analysis of rriga-
tion waler is available (Richards,
1954; Bresler et al ,  '1982).

Salinity Hazard

Excess salts increase the osmotic
pfessure of the sol  solut ion thus
causing a phys ologicaldrought con
di l ion. Even{ho!gh the f ie ld appears
to have plenty of moisture, the plants
wilt because the rools are unable to
absorb suffic ent water to replace
thal lost by ianspraton. The total
solLrble salt content of ifiigation
watef s generaLly measured by
determining ils electr cal conduciivity
(EC), reported as micfo mhos per
centimeter (!rmhos/cm) or m cfo
Siemens per cent imeier ($S/cm).
Other b gger EC units are m l l i  mhos
per cent imetef (mmhos/cm) which is
equal to deci Siemens per meter
(dS/m). Salts can aso be deter-


