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Marginal-quality Water Resources 

and Salt-affected Soils
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T
he natural global water cycle yields
an annual renewable water supply
of about 7000 m 3 per capita, sug-
gesting perhaps that there is enough

freshwater available every year to fulfill the
world's current needs. However, in certain
regions and countries the annual renew-
able supply of water is less than 500 m 3 per
capita. In addition, the availability of water
varies greatly over time in these areas, with
periodic extreme water shortages. What
this contrast illustrates is that freshwater
resources and population densities are
unevenly distributed worldwide.
Considering the current demographic
trends and future growth projections, as
much as 60% of the global population may
suffer water scarcity by 2025. 

In addition to water scarcity, water quality
deterioration is expected to intensify in
resource-poor countries in the dry areas,
due to human activity and the increasing
possibility of extreme events as a result of
climate change. Saline water intrusion is
projected to intensify due to sea level rise
in coastal zones as well as salt-induced soil

degradation and water quality deteriora-
tion in arid and semi-arid regions due to
mismanaged irrigation practices.
Households and industries will generate
increasing volumes of wastewater as more
people move to the cities. In addition,
increased frequency of severe rainstorms
will increase the amount of chemicals that
run off from farms as well as urban areas.
These predictions suggest the availability of
greater volumes of marginal-quality water
in the future, for possible multidimensional
uses such as crop production, agroforestry,
and aquaculture. 

There are two broad categories of margin-
al-quality water: wastewater generated by
the domestic, commercial, and industrial
sectors; and saline water from agricultural
drainage systems, surface runoff, or
pumped from overexploited aquifers.
Millions of small-scale farmers around the
world irrigate with marginal-quality water,
often because they have no alternative. 

Wastewater generated by domestic and
industrial activities contains a variety of
constituents at levels higher than those
usually found in freshwater, including salts,
metals, metalloids, residual drugs, organic
compounds, endocrine disrupter com-
pounds, active residues of personal care
products, and pathogens. Irrigation with

Background

Annual renewable water resources (ARWR) per
capita in some countries of West Asia and North
Africa, in years 2005 and 2030 (projected)

Wastewater is used to grow a variety of crops
and vegetables 
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untreated, partly treated, and/or diluted
wastewater creates multidimensional
impacts, including environmental and
health risks. The impacts are particularly
complex when untreated domestic and
industrial wastewaters are found in the
same irrigation system. Most farmers and
some government agencies in many
developing countries are not fully aware of
these impacts „ but the consequences
could be severe, unless wastewater is
carefully managed. 

With increasing use of saline water for agri-
culture, salinity and sodicity will also
increase. Soil, irrigation, and crop manage-
ment practices will need to be modified to
cope with these increases. More than 20%
of the world's irrigated land is already salt-
affected; with a significant part belonging
to poor smallholder farmers, who rely on
that land to satisfy their food and feed
needs. With population growth and
increased demand for food, feed, fiber,
and energy, larger areas of salt-affected
soils will need to be cropped in the future.
These soils are a valuable resource that
cannot be neglected, especially in areas
where significant investments have already
been made in irrigation infrastructure. 

Addressing the following questions (with all
the associated challenges and opportuni-

ties) will help guide investment and man-
agement decisions on land and water use
in agriculture. 

€ What is the extent of marginal-quality
water resources and salt-affected soils
and what are the environmental,
health, and socioeconomic implica-
tions of their use in agriculture ?

€ How best can we use marginal-quality
water resources and salt-affected soils
to improve food security and environ-
mental quality in the near to medium
term ?

Considering these aspects, ICARDA and
IWMI developed a joint program to
address the assessment as well as eco-
nomically and environmentally sustainable
management of marginal-quality water
resources and salt-affected soils. The pro-
gram was initiated in October 2003 with
the joint recruitment of a Marginal-Water
Management Scientist*. Activities of the
program range from global to region-
specific projects and other initiatives. 

Wastewater irrigation in peri-urban Cairo, Egypt

*Manzoor Qadir, Marginal-Water Management
Scientist, ICARDA-IWMI Joint Appointment
based in the Integrated Water and Land
Management (IWLM) Program at ICARDA

Salt-induced land degradation is a major
impediment to sustainable crop production in
arid and semi-arid regions
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Salinity Bright Spot Project in Central

Asia (2005-2008)

Socioeconomic development in Central
Asia has historically been dependent on
water and land resources. A significant
proportion of the population is dependent
on irrigated agriculture. In 1960, the area
of irrigated land in the Aral Sea Basin „
Amu-Darya and Syr-Darya Basins „ in
Central Asia was 5.2 million hectares.
Further development of irrigation led to the
conversion of virgin lands into agricultural
lands, resulting in significant increases in
employment opportunities and income
generation. With approximately 9.5 million
hectares under irrigation, Central Asia is
currently one of most heavily irrigated
regions in the world. 

The positive effects of irrigation develop-
ment are not without negative environ-
mental implications. Excessive irrigation,
caused by either lack of information on
actual crop water requirements or a rec-
ognized need to apply leaching water,
has resulted in rising groundwater levels
and accumulation of a variety of undesir-
able salts. Inadequate drainage has com-
pounded the situation. Currently, nearly
half of the irrigated land in Central Asia
has salt-affected and waterlogged soils.
Salt-induced land degradation and water
quality deterioration are major impedi-
ments to optimal utilization of crop pro-
duction systems.

Considering the challenges of land degra-
dation and water quality deterioration in

Central Asia, IWMI, ICARDA, and the
International Center for Biosaline
Agriculture (ICBA) are working together to
develop community-based interventions to
reverse resource degradation in a sustain-
able manner, while maintaining or
enhancing food security and income gen-
eration. Funded by the Asian
Development Bank, the project is imple-
mented in partnership with the farming
communities and researchers from three
Central Asian countries (Uzbekistan,
Turkmenistan, and Kazakhstan).  

Project activities include identifying inno-
vative local farming practices that
enhance productivity on salt-affected

Joint Projects and Research Activities
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Evaluation of certain tree species in regulating
groundwater level as an alternative option in
areas where drainage systems are non-existent,
non-functional because of poor maintenance,
or expensive to install and operate  

Extent of salt-affected and waterlogged soils (million hectares) under irrigated agriculture in
Amu-Darya and Syr-Darya River Basins, 1990 to 2000 

* Figures in parentheses indicate percentage increase in salt-affected or waterlogged area in
2000, compared to 1990 



lands, selecting salt-tolerant crop and for-
age species, and developing a range of
technologies for the efficient use of salt-
affected soil and saline water resources.
The project-led interventions have resulted
in measurable increases in the productivity
of high-magnesium soils through the appli-
cation of phosphogypsum. This intervention
has already been out-scaled over 100
hectares in Kazakhstan. Project partners
are working with policy makers to scale out
this technology to a much larger area. 

Sustainable Water Use for Securing

Food Production in the

Mediterranean Region (2008-2012) 

Multiple abiotic stresses and deteriorating
water quality have major impacts on agri-
cultural productivity in dry areas of the
Mediterranean region. Abiotic stresses,
such as drought and salinity, and marginal-
quality waters are becoming even more
pronounced with changing climate (drier
conditions, higher temperatures) and
desertification. There is a need to select,
introduce, and test cereals, grain legumes
and new crops and cultivars with
improved abiotic stress tolerance. Similarly,
it is imperative to assess the environmental
impact of using marginal-quality water
resources in agriculture, and to develop
environmentally feasible interventions aim-
ing at the efficient use of these resources. 

ICARDA and IWMI have joined hands on a
multi-partner project proposal on climate-
proof crops and safe use of marginal-quali-
ty water resources in dry areas of the
Mediterranean region. The project propos-
al has been approved by the European
Commission Seventh Framework
Programme on research and technologi-
cal development. The expected outcomes
of the project include: improved

5

Patchy germination and growth of cotton on a
high-magnesium soil in Kazakhstan

Researchers and farmers work together to
develop community-based interventions for the
productive use of salt-affected soil and water
resources in Central Asia

Improved germination and growth of cotton on
a high-magnesium soil through the application
of phosphogypsum in Kazakhstan
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productivity and sustainable use of water
and land for agriculture, more diverse
farming systems, stronger economic devel-
opment in Mediterranean countries, and
accelerated adoption of improved agri-
cultural technologies to meet future con-
straints imposed by the changing climate.

The joint work of ICARDA and IWMI in the
project will address environmental impact
assessment by evaluating the effects of
using marginal-quality water (saline water
and wastewater) on salt balance, nutrient
availability status, metal ion concentration
in irrigated soils, water quality, and crop
yield and quality. In addition, selected
genotypes of grain legumes (chickpea,
lentil, and faba bean) will be tested for tol-
erance to two abiotic stresses, salinity and
drought. 

Led by the University of Copenhagen,
Denmark, the 4-year project will be initiat-
ed in July 2008. Other partners include:
Universidade Nova de Lisboa, Portugal;
Institute for Agricultural and Forest
Mediterranean Systems, Napoli, Italy;
Centre for Ecology and Hydrology,
Wallingford, UK; Centre for Environment
and Development for the Arab Region

and Europe, Cairo, Egypt; Institut
Agronomique et Veterinaire Hassan II,
Rabat, Morocco; Cukurova University,
Adana, Turkey; and Institute of Agriculture,
University of Western Australia, Crawley,
Australia. 

Crop-Livestock Systems in Salt-

affected Areas of West and Central

Asia (2007-2008)

Salt-induced soil degradation is prevalent
in arid and semi-arid regions. The extent of
the problem has increased steadily over
the last few decades in several river basins
in South and Central Asia, with substantial
economic losses and environmental impli-
cations. For example, the annual econom-
ic losses due to salinization are estimated
to be US$ 230 million in the Indus Basin in
Pakistan; US$ 210 million in the Syrian part
of the Euphrates Basin; and US$ 2 billion in
the Aral Sea Basin in Central Asia. Crop-
livestock production systems are an inte-
gral part of livelihoods for poor rural com-
munities in salt-affected areas of these
basins; but high-quality livestock feed is in
short supply due to lack of high-quality
grazing lands, and lack of efforts in exploit-
ing marginal-quality soil and water
resources to narrow the gap between
feed supply and demand. 

There is a need to develop biophysical
interventions and promote institutional and
policy options for sustainable and integrat-
ed use of salt-affected soil and saline
water resources for feed and forage crops
in order to improve food security, alleviate
poverty and enhance ecosystem health in
smallholder crop-livestock systems in South
and Central Asia. This can be achieved by
improving the productivity of the crop-live-
stock systems per unit of saline water
and/or salt-affected soil resources, fortify-
ing feed, enhancing the adoption of inno-
vative strategies, and income generation
for resource-poor farmers while reversing
salt-induced soil degradation and water
quality deterioration and enhancing envi-
ronmental goods and services. 
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Participants of the project proposal develop-
ment workshop (7-8 February 2007, Marrakech,
Morocco) where all the partner institutions dis-
cussed different elements of the FP7-KBBE-2007-
1 proposal



In partnership with national research institu-
tions from three countries of West and
Central Asia (Pakistan, Uzbekistan, and
Syria), ICARDA and IWMI are working
together to synthesize and analyze the
existing information on crop-livestock inter-
actions in salt-affected areas of the Indus,
Euphrates, and Aral Sea Basins. Other
major partners are the International Centre
for Underutilised Crops; University of
California, Riverside, USA; and Justus Liebig
University, Giessen, Germany. Based on a
workshop involving all the partner institu-
tions and extensive discussions, a project
proposal is being developed using a seed
grant provided by the CGIAR Systemwide
Livestock Programme (SLP).

Production, Use, and Implications of

Wastewater Irrigation in Syria (2004-

2005)

In Syria, about 69,000 hectares are irrigat-
ed with treated, partly treated, or untreat-
ed wastewater. The area under waste-
water irrigation is small (less than 5% of the
county•s irrigated area), but economically
important. In partnership with Syrian nation-
al institutions, ICARDA and IWMI aim to

maximize the safe use of wastewater and
minimize threats to the environment and
human health. During 2005 nearly one-third
of Syria's wastewater was treated before
being used for irrigation or discharged into
rivers or the sea. The construction of waste-
water treatment plants completed in 2007
and 2008 will increase the amount of treat-
ed wastewater by 10%.

The joint study assessed the production,
treatment, and use of wastewater in
Aleppo region. Aleppo, the second largest
city in Syria (population 2.4 million), is locat-
ed within the Euphrates-Aleppo Basin in
the northeastern part of the country. For
centuries, the city's water requirements
were met from the small Qweik River,
which originates in Turkey. Continuous
extraction of water within the Turkish part
of the river has rendered the the Syrian
part almost dry. The flow rate of the river
before entering Aleppo is less than 1 m 3

per second. Formerly a source of freshwa-
ter, the Qweik River is now a carrier of
wastewater generated from Aleppo.

Farmers with lands near the river practice
wastewater irrigation as and when need-
ed. The study found three main reasons
why farmers prefer wastewater irrigation.
The most important reason (given by 57%
of farmers) was the year-round availability

7

Once a source of freshwater, the Qweik River
carries wastewater generated by urban and
peri-urban areas of Aleppo

Participants of the project proposal develop-
ment workshop (24-26 May 2007, Tashkent,
Uzbekistan) where all the partner institutions dis-
cussed different elements of the SLP-CGIAR
proposal 



8

IC
A

R
D

A
-I

W
M

I 
J
o

in
t 

P
ro

g
ra

m

of wastewater. The second most important
reason (26% of farmers) was the high nutri-
ent content of wastewater, which reduces
or even eliminates the need for expensive
chemical fertilizers. The third reason (17%)
was that pumping wastewater costs less
than pumping groundwater.

The Syrian Standardization Commission
Code of Practice (2003) prohibits waste-
water irrigation of vegetables that are
eaten raw. Wheat is the major crop, occu-
pying more than half of the wastewater irri-
gated area. A comparative benefit-cost
survey in the Aleppo region showed that
the return on wheat irrigated with waste-
water is double the return on wheat irrigat-
ed with groundwater. For each US dollar
invested in wheat irrigated with waste-
water the return is US$ 5.31. Wheat irrigat-
ed with groundwater returns US$ 2.34 for
each dollar invested. Wheat irrigated with
wastewater gives higher yields because of
the wastewater's high nutrient content.
Farmers also save on the costs of fertilizer
(US$ 95 per ha) and pumping. 

The study found a critical shortage of
Syrian staff trained to monitor and analyze
solid and liquid wastes. Few staff have the
technical skills to operate, maintain, and
monitor industrial wastewater treatment
plants. Staff in government institutions
need help in installing and running new

treatment plants and in applying options
for use of treated wastewater. Building skills
is particularly important because responsi-
bilities for treatment, disposal, and reuse of
wastewater span institutional boundaries.
Along with capacity building, research
leading to new technologies for using
wastewater could help maximize the ben-
efits to communities and minimize adverse
environmental impacts.

Water Productivity Project in

Karkheh River Basin in Iran (2004-

2008)

The Karkheh River is an important water
resource in Iran, for both dryland and irri-
gated agriculture. Water availability in the
Karkheh River Basin is limited and becom-
ing scarcer as population and demand
increase. Irrigation management is inade-
quate, cropping systems are sub-optimal,
and policies and institutions are weak. The
basin reflects in many aspects the prob-
lems of water management in other basins
in the region, such as the Euphrates and
Amu-Darya River Basins, which are charac-
terized by widespread salinization of land
and water resources. 

Wastewater irrigation in Aleppo region, Syria 

Over-irrigation is a major cause of soil saliniza-
tion in the Lower Karkheh River Basin


