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ICID Membership network spreads over 100 countries
coveri_ the world’
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World agriculture faces an enormous challenge over the next 40
years: produce almost 50% more food up to 2030 and double the
food production by 2050
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World agriculture faces an enormous challenge over the next 40
years: produce almost 50% more food up to 2030 and double the
food production by 2050

Key drivers
* Increasing population and urbanization
» Changing diets
» Rapidly growing water demand industrial energy domestic sectors
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World agriculture faces an enormous challenge over the next 40
years: produce almost 50% more food up to 2030 and double the
food production by 2050

Key drivers

* Increasing area under cultivation of bio-energy crops
= Climate change impacts on environment and agriculture
* Increasing fresh water scarcity
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Global freshwater use: projections
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Global freshwater use: limits

| Distribution of Global Distribution of Global

[fresh Water & Salt Water Fresh Water Only
(2,5% of Global Water)
e This is the
proportion
of the world’s
fresh water that
is renewable

EE ¥ Water -y
‘. 2,5%

69% glaciers and permanent snow cover
(24,060,000 cubic kilometers

30% fresh groundwater
(10,530,000 cubic kilometers

0,3% fresh water lakes and river flows
(93,000 cubic kilometers

0,9% other, including soil moisture,
ground ice/permafrost and swamp water
(342,000 cubic kilometers)
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Water demand offen exceeds reliable and exploitable watermesources. We
bed to reach an appropriate balance between the limited supply and the
increasingly -demand which, 8t the moment, is heavily unbalanced.
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‘What «.are *'the options, -available - and what are. the
alternatives.. that™could provide a sustainable “solution to
avoidy water conflicts dnd to meet: the -increasingly water
demand'in agriculture? ™. A s -
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EXTENT OF SALT AFFECTED REGIONS

Salinity is reported to affect one billion hectares mostly located in
arid and semiarid regions

Extent for salt-affected soils by Country % Country %
Continents and Sub-Continents . affected 1 __ affected
Algeria 10- 15 India 27
Egypt 30-40 | Ilran <30
Region Milions of hectares Senegal 10-15 | Iraq 50
Africa 80,5 Sudan <20 |srael 13
Australia 357,3 United Sates 20-25 | Jordan 16
Furope 50,8 Colombia 20 Pakistan < 40
Mexico and Central 2,0 Peru 12 Si Lanka 13
America China 15 | syrian  Arab  30-35
North America 15,7 Republic
North and Central Asia 211,7
South America 129,2
South Asia 87,6 Estimates of percentage of irrigated
South East Asia 20,0 land affected by salinization for
TOTAL 954,8 selected countries

1al Commission on Irrigation and Drainage



SOIL SALINITY: SALTFAFFECTED, AREAS

Salt-affected areas of the world (> 10 Mha)

Region Area (10° ha)
North America 16

Salt-affected areas (Ghassemi et al.,

Argentina 86

1995) °
Paraguay 22
, i Ethiopia 11

« 7% of the earth’s continental extent .
India 24
o Iran 27

« 20% of the world’s irrigated lands .
Pakistan 10
China 37

« Reduced crop productivity, soil

i g i g (Former) USSR 171
degradation, increased soil erosion _
etc Indonesia 13

Australia 357

— “ICID = International Commission on Irrigation and Drainage



SOIL SALINITY: EFFECTS, OF SALINITY ON, CROPS

Soil Salinity EC of the Effect on Crop Plants
Class Saturation

Extraction (dS/m)
Non saline 0-2 Salinity effects negligible
Slightly saline 2-4 Yields of sensitive crops may be

restricted

Moderately saline 4-8 Yields of many crops are restricted
Strongly saline 8 —-16 Only tolerant crops yields satisfactory
Very strongly > 16 Only a few very tolerant crops yield
saline satisfactory

(Source: FAO Natural Resources Management and Environment Department)

ICID = International Commission on Irrigation and Drainage



Saline Water Origin and Source

The important source of saline areas over the world are:

- seawater infrusion in coastal regions (uncontrolled pumping &
welling)
Diversified Habitat Onginady Cause and Impact of Saltwater Intrusion

DS

ICID = International Commission on Irrigation and Drainage



Saline Water Origin and Source

The important source of saline areas over the world are:

« tidal influence of sea on coastal surface water

ICID = International Commission on Irrigation and Drainage
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Saline Water Origin and Source

The important source of saline areas over the world are:

» ground water mineralization in rock formations
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Saline Water Origin and Source

The important source of saline areas over the world are:

« process of evaporation/evapotranspiration, especially in arid and
semiarid regions and subsequent enrichment of salts in surface
and ground water

In arid regions, soil drainage
is often poor, evaporation

rates are high and Poor drainage and evaporation concentrate salts

the water table % on irrigated land. Even good quality irrigation
is Iow W water contains some dissolved salt and can
. leave hehind tonnes of salt per hectare

each year.

Unless salts are /
washed down below

root level, soil salinity will
stunt growth and eventually
Kill off all but the most

resistant plants. Irrigation can raise
groundwater levels to within
a metre of the surface, bringing up
more dissolved salts from the aquifer,
subsoil and root zone.

ICID = International Commission on Irrigation and Drainage



Saline Water Origin and Source

The important source of saline areas over the world are:

« water logging and secondary salinization of soils

DRYLAND SALINITY. AUSTRALIA

: B. Destructive “Dryland Salinity”
y (\meg Po,.?‘ ... '

ince European settlement, |

umans have been removing
deep-root vegetation and | \
replacing it with shallow-root | ___} _____________
)
!

A. Natural “Primary Salinity”

wv

{ Australia is a naturally salty |
{ continent due to salt deposits '\
{ from weathering rocks and S

surrounding oceans

y
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-- Salt deposits are Loss of deep-root agricultural crops i i

4 f‘ g moved by surface p _____ ECUNE £r9 s : These shallow-root |

d 4 A or groundwater vegetation | crops cannot absorb as |
Natural deep-root - ATEES e 4 4 | much water as native |

PV vegetation absorbs water : ) E-doc T e : vegetation :
SR before it reaches the salt - Agriculture Groundwater levels rise B

carrying salt deposits to the
surface - where vegetation
can no longer grow

i deposits in groundwater §F5

Salt deposits
in soil

> ShallowW-root
agrjcultural crops
/ ’

Restore native vegetation B
9 Groundwater Salt rises

Salt remains . — levels rise to the
underground . s s, towards the surface
e surface
N S

£)
Australia has high levels of naturally occuring salts and nagement Re"’?o Land use changes by humans disrupt natural salinity
these levels are mediated by environmental factors such processes and cause additional salinity in the soil that
as deep-root vegetation that keep salt underground threatens economic, environmental, and social systems




Saline Water Origin and Source

The important source of saline areas over the world are:

« drainage and sewage effluent
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POOR QUALITY
WATER

« Saline water
» Brackish groundwater

 \Wastewater

ejd
el

Saline water can be used to fgd®
produce food and fodder. Some
varieties of tomato, sugar beet,
barley, Bermuda grass are salt |
tolerant.

Halophyte grasses Dubai
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Management Practices Of Saline Irrigation Water

There is usually no single way to control salinity, particularly in irrigated land
several practices can be combined into an integrated system that functions
satisfactorily.

- Hydraulic Management:
Leaching (Requirement, Frequency)
Irrigation (System, Scheduling)
Drainage (System, Depth, Spacing)
Multiple water resources (Alternating, Blending)
- Physical Management
Land levelling
Tillage, Land preparation, Deep ploughing
Seedbed shaping (Planting resources)
Sanding
Salt scarping
- Chemical Management
Amendments
Soil conditioning
Fertility, Mineral Fertilization
- Biological Management
Organic and Green Manures
Crops (Rotation, Pattern)
Mulching
- Human Management
Farmer
Socio-Economic Aspects
Environmental Aspects
Policy

mission on Irrigation and Drainage



AGRICULTURE MIANAGEMENT UNDER
SALINE CONDITLONS

The following practices are required

for optimum crop WWhen rékomtion ¥ .
Irri /“ . =
rrigation e e
water O o — X\

the salts are left
behind on the soil
surface.

water evaporates,
growth conditions:

1) Water Management = sos

Less permeable
soil layer

Salt concentrations
eventually increase to
levels that are toxic
to plants.

Root growth is
impaired because
roots cannot get

oxygen.

= 2V i
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AGRICULTUVRE MANAGEMENT UNDER
SALINE CONDITIONS
The following practices are required /o s o i
for optimum crop
growth conditions:

1) Water Management

* lrrigation practices
System - Method - Scheduling

The main problem with sprinkler ‘,«

irrigation using saline water is the %(,?
wetting and possible burning of foliage, §%
but salt-removal efficiency tends to be |ZtfiEs P
substantially higher than with flood or XS4 ‘/* X WY N 977
trickle irrigation. ‘X\/ = W N A, NN

N ot LU i ‘
A\ ‘ AP AR g W ,:' . U e ) . W
Example of low elevation sprinkler irrigation
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AGRICULTURE MANAGEMENT UNDER
SALINE CONDJTIONS

for optimum crop
growth conditions:

1) Water Management

* lrrigation practices
System - Method - Scheduling

Drip irrigation provides the best
conditions of soil water potential,
avoiding leaf  injury and  salt
accumulation at the wetting front.

Limitations lie in the higher initial cost,
low root soil aeration, dense root mass,
constant power and water supply needs,
besides higher level of know-how.

ICID Internatlonal Commission on Irrlgatlon and Drainage
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AGRICULTURE MANAGEMENT UNDER:
SAILINE CON D]’TION S

The following practices are requwe

for optimum crop ‘

growth conditions:

\\\\

1) Water Management

* lrrigation practices
System - Method - Scheduling

Sub surface drip irrigation can be N
efficient, but provides no means of §
leaching the soil above the source. }!
Unless the soil is leached by rainfall or j&S
surface irrigation, salt levels will Sl
certainly become toxic. This system, is |

not suitable over the long-term, |
especially when salts are also high in

ICID = International Commission on Irrigation and Drainage



AGRICULTURE MIANAGEMENT UNDER
SALINE CONDITIONS
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AGRICULTURE MANAGEMENT UNDER:
SALINE CONDITLIONS

The following practices are required

for optimum crop ILR-32 recorder \

. |
growth conditions: oecklomE g ‘

1) Water Management

Data transmitted to web
or host computer

« Monitoring of water quality




AGRICULTURE MIANAGEMENT UNDER
SALINE CONDITIONS

The following practices are requirec
for optimum crop
growth conditions:

Leaching requirement

, ET
1) Water Management | L t

|

| | e DE
 Leaching requirements l Percolation [l
S

watertable

WAGENINGEN
For quality of fife
Van Hoorn and Van Alphen, 2006

)
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AGRICULTURE MIANAGEMENT UNDER
SALINE CONDITLONS

The following practices are requirec
for optimum crop
growth conditions:

Leaching requirement

gation & Precipitation  ET

1) Water Management

|

Root D
Zone £ep

 Leaching requirements Percolation

Good L.R. efficiency can result in more R*
effective water use in the first

instance, a reduction in the salt load | watertable
needing disposal and a substantial

. . . WAGENINGENTEH
reduction in the volume of drainage [ EE e
water.

Van Hoorn and Van Alphen, 2006
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AGRICULTURE MM ANAGEMIENT UNDER
SAILINE COND{T IONS -
The following practices are require N - i M\
for optimum crop s
growth conditions:

1) Water Management

« Controlled drainage




AGRICULTURE MM ANAGEMENT UNDER
SALINE CONDITIONS |
The following practices are required k.
for optimum crop
growth conditions:

1) Water Management

« Conjunctive use of saline
and fresh water

1) Blending Water (network
dilution)

— “ICID = International Commission on Irrigation and Drainage



AGRICULTURE MM ANAGEMENT UNDER
SALINE CONDITIONS |
The following practices are required k.
for optimum crop
growth conditions:

1) Water Management

« Conjunctive use of saline
and fresh water

2) Good and poor quality water
(recycling-alternation)

— " ICID =International Commission on Irrigation and Drainage



AGRICULTURE MANAGEMENT UNDER
SALINE CONDITIONS

2) Crop Selection & Nutrients Management

i

* Introduction of sallnlty
tolerant crops

~ " 1CID = International Commission on Irrigation and Drainage



AGRICULTURE MANAGEMIENT UNDER
SALINE CONDITIONS
2) Crop Selection & Nutrients Management

Introduction of salinity
tolerant crops

. TR,
< . o - & &
P - g RS Al R .
g > e e g 3 L 5. hg ey S S 1 = aes.
- S . L S 3 Joe Satran/The Huffington Post

Asparagu



AGRICULTURE MIANAGEMENT UNDER
SALINE CONDITLONS

2) Crop Selection & Nutrients Management

o “ "
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» Introduction of salinity % & ¥ s
tolerant crops ey

Introduction of salt tolerance crop [i\#
species like quinoa, asparagus or
sugar beet may result in more
resilient crop rotations and high %
value cash crop products. '

e

ICID = International Commission on Irrigation and Drainage



Adaptive mechanisms of salt tolerance

Organs
5 4 N
Cells A%V 4 Flower and fruit:
§ et i LA 1 « Altered flowering time
Camotc adliattoar: f,(, * Retranslocation of photosynthate
J s /
Cell wall modification / / b -
_ Leaf:
ROS detoxification - Salt partitioning into:
_ . sheath/petiole instead of lamina or
Vesicle trafficking epidermis rather than mesophyll
» Retranslocation of salt or excretion
Transport proteins - J
~ R
K* and NOS- Stem:
homeostasis  Control of long-distance transport
« Storage of salt in stem
Vacuolar \ %
compartmentation - \
Root:
Compatible solutes » Exclusion of ~95% of salt in soil
. 4 I\ solution
B » Removal of further salt from xylem
« Symbiotic associations or PGPR
& Root architectural changes )

ICID = International Commission on Irrigation and Drainage



AGRICULTURE MANAGEMENT UNDER
SALINE CONDITIONS
2) Crop Selection & Nutrients Management

Salinity

Tolerant Susceptible g

IR65192-4B-10-13 IR29
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Selection of salt
tolerant varieties
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AGRICULTURE MM ANAGEMIENT UNDER
SALINE CONDITIONS
2) Crop Selection & Nutrients Management

« Adequate fertilizers
application (acid)

= e



AGRICULTURE MANAGEMIENT UNDER
SALINE CONDITIONS
2) Crop Selection & Nutrients Management

 Increase K fertilizers
(decrease Na content
In plant tissue)

e J— —_—
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AGRICULTURE MM ANAGEMENT UNDER
SALINE CONDITIONS
2) Crop Selection & Nutrients Management

* P/K leaf spraying
(increase nutrients)

: _
\/3? ~ S = *j =i ’ - =
— ICID = International Commission on Irrigation and Drainage




AGRICULTUVRE MANAGEMENT UNDER
SALINE CONDITIONS
2) Crop Selection & Nutrients Management

| Aw ! &’_’ ;. - :'.~ Y
2 X a‘, w;.,_', . »:-' A

: . Sallcornla brachlata cultlvatlon__l Plants are grown on sallne
Introduce hlgh Sa“mty soHs irrigated.with seawatet (C CR Bhavnagar INDIA -

e

tolerant crops the insert shows friiting plantS)

ICID Internatlonal Commlssmn o] Irngatlon and Drainage



AGRICULTURE MANAGEMENT UNDER:
SALINE CONDITIONS
3) Land Management

* Levelling & ridge sowing




AGRICULTURE MANAGEMENT UNDER
SALINE CONDITIONS

Typical salt accumulation
pattern in ridges and beds
soils irrigated by furrows

WIDE,
SLOPING

salt salt
accumalaticon accumulation

ALTERNATE
FURROW
IRRIGATION

ul
AN Y
“’/—7 s \
SALT
CCUMMULATION

— " ICID = International Commission on Irrigation and Drainage



AGRICULTURE MANAGEMENT UNDER:
SALINE CONDITIONS
3) Land Management

« Sub soiling & deep tillage:
seedbed preparation, surface
crust, increase of O.M

ICID = International Commission on Irrigation and Drainage



AGRICULTURE MANAGEMENT UNDER
SALINE CONDIFIONS

3) Land Management

« Sub soiling & deep tillage:
seedbed preparation, surface
crust, increase of O.M




AGRICULTURE MIANAGEMENT UNDER
SALINE CONDITLONS

3) Land Management

* Deep ploughing: on stratifie
soils where impermeable

layers




AGRICULTURE MIANAGEMENT UNDER
SALINE CONDITLONS

3) Land Management

 Organic mulching:
reduces soil evaporation
and temperature

ICID = International Commission on Irrigation and Drainage



AGRICULTURE MANAGEMENT UNDER:
SALINE CONDITIONS
4) Soil Improvement

W RN~ - = - —— - -

« Green manuring:
Cover Crops (increase OM)




AGRICULTURE MIANAGEMENT UNDER
SALINE CONDITLONS

4) Soil Improvement

« Green manuring:
Cover Crops (increase OM)




AGRICULTURE MANAGEMENT UNDER
SALINE CONDITIONS
4) Soil Improvement

« Organic or chemical r‘,
amendments (CaSo,) neutralize |
soil reaction and replace
exchangeable Sodium by
Calcium




AGRICULTURE MIANAGEMENT UNDER
SALINE CONDITLONS

4) Soil Improvement

« Mixing with sands
Increase the permeability
(fine textured surface soils)

ICID = International Commission on Irrigation and Drainage



AGRICULTURE MANAGEMENT UNDER:
SALINE CONDITIONS
4) Soil Improvement

 Regular monitoring of soll
salinity
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