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FOREWORD

World wide, concerted efforts are
being made to improve irrigation
water-use efficiencies to enhance
crop preduction in irrigated agricul-
ture. However, the injudicious use of
poor quality water is often associat-
ed with the development of soil salin-
ity, sodicity, toxicity, and many other
soils and environmental degradation
factors. In this regard, an under-
standing of the quality of irrigation
water plays an important role.

Salinity, sodicity and toxicity are
major problems caused by irrigation
water. Salinity refers to the total con-
centration of dissolved salts in water
and soil. It reduces crop growth and
yield. In arid areas where rainfall
does not adequately leach salts from
the soil, there occurs an accumula-
tion of salts in the crop root zone.
Thus, periodic testing of soils and
water are required to monitor the
change in salt content. Sodicity
refers to the presence of excess
sodium, which deteriorates solil
structure and reduces water pene-
tration into and through the soil.
Toxicity refers to specific salt con-
stituents, such as chloride, boron,
sodium and some trace elements,
which are toxic to certain crops at
relatively low concentrations.

Dr. Shabbir A. Shahid, who has
been actively involved for over the
last two decades in soil and water
research in arid and semi-arid
regions, has very ably synthesized
the information in this manual. This
manual presents various aspects of
irrigation water quality, water quality
criteria, procedures to determine
water quality, management issues,
crop yield forecasting as well as soils
responses to the uses of different
quality irrigation waters. The manual
has been designed into an easy to
read language and user-friendly for-
mat.

This publication is a product of the
commitment manifested in the vision
of future irrigated agricultural
research in the Emirate of Abu Dhabi
and will serve as an education tool
for researchers, agriculturists, farm-
ers and students. We are certain that
countless individuals throughout the
years will benefit from information
contained in this manual.

Majid Al Mansouri
Secretary General
Environmental Research and
Wildlife Development Agency
Abu Dhabi Emirate
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Introduction

Supplemental water is a must to pro-
duce profitable crops in most arid
and semiarid regions. Irrigation is the
only way to offset the water require-
ment of the plants. The success of
irrigated agriculture lies with both the
quantity and quality of irrigation
water. Irrigation can be accom-
plished by fresh water, and if suffi-
cient quantities of fresh water are not
available, fresh water could be used
conjunctively with brackish water, or
alternate (cyclic) fresh and brackish
water irrigation can be used. In situ-
ation where fresh water is unavail-
able, brackish water can substitute
for fresh water completely, but its
use can cause soil salinity problem.
Therefore, careful management is
always required to use brackish
water successfully.

In irrigated agriculture, irrigation
water is the primary source of salts.
Poor-quality irrigation water is gener-
ally of more concern in arid condi-
tions. lrrigation water, which is not
stored or lost by evapotranspiration
moves through the crop root zone,
and eventually reaches the water
table. This percolating process
leaches (flushes) soluble salts from
the soil. If the amount of water leach-
ing through the soil is too low to
remove salts, the soil's salt content
increases and crop yields may
decrease. In such situations, the soil
is said to be salt-affected. Under
these conditions, economical crop
production is not feasible without
reclamation. The reclamation

process requires large amounts of
non-saline water to leach the salts
from the intended crop root zone and
possibly chemical amendments.

The three major types of salt prob-
lems are salinity, sodicity and toxici-
ty. Salinity refers to the total concen-
tration of dissolved salts in the soil or
water. Salinity causes reduced crop
growth and vyield loss because the
plant must redirect energy from
growing to extracting pure water
from saline water in its root zone.
This additional energy expenditure is
called osmotic stress; it is similar in
impact to drought stress.

Sodicity, the presence of excess
sodium, deteriorates soil structure
and reduces water penetration into
and through the soil. Similar to
drought and salinity, excess propor-
tions of sodium, in comparison to
calcium and magnesium, reduce
water availability to the crop.

Toxicity refers to specific salt con-
stituents, such as chloride, boron,
sodium and some trace elements,
which are toxic to certain crops at
relatively low concentrations. Trees
and other woody crops are often
sensitive to these potentially toxic
elements.

In this manual quality of irrigation
waters is dealt with in detail. The
expected responses of soils to the
uses of different irrigation water
qualities are also discussed.




Assessment of water
suitability for irrigation

Numerous schemes have been pro-
posed for classifying water with
respect to its suitability for irrigation.
Most of these schemes involved
classification of water quality for
average use conditions in general
(Richards, 1854; EPA, 1972) or for
some regional situations (Thorne
and Thorne, 1953; Handa, 1964).
Rhoades (1972) pointed out that the
conventional approaches of water
quality assessment (then prevalent)
were inadequate. The suitability of
irrigation water needs to be evaluat-
ed on the basis of specific usage
conditions, such as crops grown, soil
properties, irrigation management,
cultural practices and climatic condi-
tions. Consequently the prevailing
procedures for the evaluation of irri-
gation water quality must be taken
as guidelines only, to be used in con-
junction with knowledge of local con-
ditions of use.

Quality of Irrigation
Waters

The concentration and composition
of dissolved constituents in water
determine its quality for irrigation
use. The quality of the water is an
important issue in any appraisal of
salinity in an irrigated area. There
are four basic criteria for evaluating
water quality for irrigation purposes:

¢ Total soluble salt content (salini-
ty hazard) and electrical conduc-
tivity.

¢ Relative proportion of sodium
cations (Na*) to other cations-
sodium adsorption ratio (sodium
hazard).

L 2

Residual sodium carbonates
(RSC) - Dbicarbonate anion
(HCOz) and carbonate anion
(COaz2-) concentration as related
to calcium (CaZ*) plus magne-
sium (Mg2*) cations.

& Excessive concentration of ele-
ments that causes ionic imbal-
ance in plants or toxicity.

The first three criteria are assessed
by measuring the electrical conduc-
tivity, soluble anions (CQa2-, HCO3-,
Cl-, 304%) where Cl- and S042- are
optional, and soluble cations (Na+,
K+ Ca?*, Mg?*) where K is optional.
The pH of irrigation water is not an
acceptable criterion of water quality
because it tends to be buffered by
the soil and most crops can tolerate
a wide pH range. A detailed descrip-
tion of the techniques commonly
employed for the analysis of irriga-
tion water is available (Richards,
1954; Bresler et al, 1982).

Salinity Hazard

Excess salts increase the osmaotic
pressure of the soil solution thus
causing a physiological drought con-
dition. Even-though the field appears
to have plenty of moisture, the plants
wilt because the roots are unable to
absorb sufficient water fo replace
that lost by tanspiration. The total
soluble salt content of irrigation
water is generally measured by
determining its electrical conductivity
(EC), reported as micro mhos per
centimeter (umhos/cm) or micro
Siemens per centimeter (uS/cm).
Other bigger EC units are milli mhos
per centimeter (mmhos/cm) which is
equal to deci Siemens per meter
(dS/m). Salts can also be deter-



