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Contents
• Introduction to water scarcity

• Suggested approaches to deal with water scarcity:

1. Increasing water supplies (rainfall harvesting & use of non-
conventional water resources)

2. Suitable and more water use efficient irrigation systems and 
strategies.

3. Suitable crops including less water consuming and non-
conventional crops.

4. Suitable land management to save water (conservation 
tillage, mulching, precision farming…)

5. Accurate estimation of crop irrigation requirement

6. Use of models as management tools to save water and assess 
the impact of climate change on irrigation requirement, 
growth season length and yield.



Water scarcity occurs when water supply is insufficient to 
meet water demand (FAO, 2012). 

Over two billion people live in countries experiencing 
water stress (United Nations, 2018). However, physical 
water stress is often a seasonal rather than an annual 
phenomenon, as exemplified by the seasonal variability 
in water availability. 

An estimated four billion people live in areas that suffer 
from severe physical water scarcity for at least one 
month per year (Mekonnen and Hoekstra, 2016). 

It should also be noted that about 1.6 billion people face 
‘economic’ water scarcity, which means that while water 
may be physically available, they lack the necessary 
infrastructure to access that water (Comprehensive 
Assessment of Water Management in Agriculture, 2007).
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Valuing Water UN Report 2021
https://unesdoc.unesco.org/ark:/48223/pf0000375751?posInSet=2&queryId=4d597195-4d37-4847-8d63-44a163bf5320

https://unesdoc.unesco.org/ark:/48223/pf0000375751?posInSet=2&queryId=4d597195-4d37-4847-8d63-44a163bf5320


Water Scarcity Pressure
Evolution of Water Shortages in 100 Years



Freshwater Availability Per Capita 1950 - 2050

Increasing population in the next 50 years 

combined with increased consumption will greatly 

stress water availability.

When water supplies drop below 1,000 cubic metres per person per year, the country faces "water scarcity".



We need a Blue Revolution in agriculture 
that focuses on increasing productivity 

per unit of water –
“more crop per drop”

Mr. Kofi Annan, Secretary General of the United Nations, Report 
to the Millennium Conference, October, 2000



The challenges facing water resources under 

possible future climate change. 



Stern Review (2006)

Climate Change impact on water and food production



% Change in future Water demand, Groundwater and Surface 

water supply in Candelaro catchment up to 2050

-40

-30

-20

-10

0

10

20

2
0
0
0

2
0
0
5

2
0
1
0

2
0
1
5

2
0
2
0

2
0
2
5

2
0
3
0

2
0
3
5

2
0
4
0

2
0
4
5

2
0
5
0

Year

Surface Water supply

Groundwater supply

Increase in future Water demand

%
 c

h
a

n
g

e
 i

n
 f

u
tu

r
e
 W

a
te

r
 d

e
m

a
n

d
, 

G
W

 &
 S

u
r
fa

c
e
 W

a
te

r
 s

u
p

p
ly

G
ap

 b
et

w
ee

n
 w

at
er

 d
em

an
d
 &

 s
u
p
p
ly

Scenario A1

Scenario 

A1

Factors
% 

variation

Future Water 

demand
+ 15%
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Scenario A1

MEDIS
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Applying the Hydrological model- DiCaSM

%Change in water demand and supply, Groundwater Recharge & 

Surface water in Cyprus up to 2050

y = 0.3601x + 0.7471

R2= 0.8817
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%Change in water demand and supply, Groundwater Recharge & 

Surface water in Cyprus up to 2050

y = 0.3601x + 0.7471

R2= 0.8817
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Gap between water supply & demand

During drought periods, the gap between water supply and 
demand widens. The modelling work suggested measures to 
balance the water demand against the supply to close the 

gap. 

Water supply availability for7 catchments (both 
surface and groundwater) have been quantified. 
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Water used at the point where rain      
falls. Low cost

Water abstracted from rivers, lakes and
groundwater. Taken from renewable

resources and competes with other uses. 

Water required to dilute polluted return 
flows 

Green Water

Blue Water

Grey Water

The Limited water resources: colour of water 



The Approaches and the 
possible solutions for 
Water, Crop and Land 

Management for Water 
Stressed Regions



Increasing 
Water Supplies



Members of the Mexican Navy are seen upon the landing of an Air Force helicopter at La Mora ranch, in 

Bavispe, Sonora state, Mexico, on January 11, 2020. (AFP via Getty Images)

Air force pilots fly small planes 5,000 metres high 

and release a solution of silver iodide, a chemical 

found in antiseptic and photography materials.

Cloud seeding is a practice where tiny particles 

(silver iodide) are sprayed into the air that 

encourage ice crystals to form inside of clouds, 

which eventually turn into precipitation as they 

continue to grow.

Rainfall harvesting by cloud seeding 



Over the next 60 days, cloud-

seeding will take place in 

Karnataka [Jagadeesh

NV/EPA]

Cloud-seeding experiments 

take off in India. The 
government hopes to enhance 
rain in drought-hit Karnataka

22 Aug 2017

Rainfall harvesting by cloud seeding 



Scientists are zapping clouds with electricity to make rain
By Stephanie Bailey, CNN - Updated 0808 GMT (1608 HKT) May 27, 2021

Drones will give clouds an electrical charge in an attempt to create rainfall.

A team of scientists from the University 
of Reading, in the UK, initially proposed 
the idea in 2017. Now, the custom-built 
drones will soon begin tests near 
Dubai.
The idea is that charging droplets in 
clouds will make them more likely to 
fall as rain. 

One of these projects involves using 
catapults to launch small unmanned 
aircraft which zap clouds with an 
electric charge.

The specially built drones are piloted 
into low-hanging cover, where they 
release electrical shocks monitored at 
ground level. Because clouds naturally 
carry both positive and negative 
charges, the theory holds, the outside 
jolts will provoke an electrical reaction 
causing drops to combine and fall. 

Rainfall harvesting by cloud Zapping 



Issues related to cloud seeding

• Who Owns the Clouds?

• Is human intervention to change climate acceptable?

The use of weather modification programs for peaceful purposes is not 
prohibited by the ENMOD treaty. It has weaknesses, notably regarding 
the vagueness and ambiguity of notions leaving room for various 
interpretations. Historically developed after cloud seeding operations 
were conducted during the Vietnam War and the Cold War, the 
convention’s scope of application solely encompasses military or any 
other hostile uses of weather modification technologies

• Long term impact on environment (soil, plant, water, 
ecology, birds, mammals, etc.) and human health.



Fog Harvest



Fog water Harvesting

"Atrapanieblas" or fog collection in Alto 
Patache, Atacama Desert, Chile.

Fog collection 
refers to the 
collection of 
water from fog 
using large pieces 
of vertical mesh 
net to make the 
fog-droplets flow 
down towards a 
trough below, 
known as a fog 
fence, fog 
collector or fog 
net.



Harvesting the dew water using surface foils as 
condensers

Dew is a frequent and natural 
phenomenon where humid air 
condenses on a surface and gets 
transformed into liquid water. 

Condensing surfaces such as passive 
radiative dew water condensers (RDCs) 
have been identified, among other 
methods to collect water from the 
atmosphere, as one of the most 
promising and easiest techniques to 
collect dew. 

It  provides a valuable water resource in 
arid, semiarid and water stressed 
regions.

J.F. Maestre-Valero , R. Ragab , V. Martínez-Alvarez , A. Baille, 2012. Estimation of dew yield from radiative 
condensers by means of an energy balance model. Journal of Hydrology 460–461 (2012) 103–109
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Helen 

Geoff  Pearce

Slope =22 o

Flat roof

North

Prevailing wind 

direction

Rain gauge

IT:  500 JB: 220

HA: Flat 
roof

AJ: 220 GP: 220

CEH: Flat roof

Harvesting Rainfall over house roofs 
Crowmarsh Gifford, Wallingford, UK 
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Increasing water supply and reducing the demand on fresh water by 

harvesting rainfall from house roofs for domestic use & b: amount of rainfall 

harvested over house roofs.

Harvesting Rainfall over house roofs  



Urban Classification Using Airborne Lidar 

House Type

No.of 

Units

Measured 

Slope

Lidar Mean 

Slope

Measured 

Plan

Lidar Mean 

Plan

Measured 

Roof

Lidar Mean 

Roof 

(deg.) (deg.) Area (m2) Area (m2) Area (m2) Area (m2)

A 34 50 47.6 sd 2.93 56.06 60.26 sd 5.44 87.21 88.11 sd 9.44

B 27 22 21.8 sd 1.74 63.54 69.43 sd 6.20 68.54 76.46 sd 5.73

C 24 22 21.6 sd 1.6 69.45 79.7 sd 9.09 74.9 85.67 sd 9.18

D 12 22 22.7 sd 0.88 52.553 55.69 sd 5.18 56.68 60.39 sd 5.71

E 24 22 21.4 sd 0.51

48.26 & 

57.75 52.43 sd 0.47 54.43 sd 1.47

Garages 121 0 12.5 12.5

● Urban hydrology is poorly 
parameterised due to a lack of 
information

● Airborne lidar provides 
topographic measurement to < ±
10cm

● Runoff, infiltration, evaporation 
can be estimated using additional 
airborne sensors such as thermal 
infrared
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Collecting the rain water from greenhouses and use 

for irrigation





Underground Dams – Brazil 





Land  Management,  PITS 

“Zay” pitting holes 
(Burkina Faso) they must 
be dug before the rainy 
season

“Zay” pitting holes 
(Burkina Faso) after 
rainfall



PITS 

School children in Cambodia are 
trained in using the pit technique ASIAN VERSION



ICARDA-Rainfall Harvesting - Syria













Planting of semi-
circular bund, Syria

Semi-circular bunds, 
Burkina Faso



Small 

runoff 

basins

Runoff strips 

for field crops

Syria



A cistern is a 
waterproof receptacle 
for holding water. 
Cisterns are often built 
to catch and store 
rainwater. Cisterns are 
distinguished from 
wells by their 
waterproof linings. 
Modern cisterns range 
in capacity from a few 
litres to thousands of 
cubic metres. Syria

Rainwater catching and storing in Cisterns





Aquifer

Tunnel
Tank

The Inside of a 

Surangam 

(Tunnel) in Kerala.

A Traditional System in North Malabar, Kerala, INDIA

Groundwater recharge points



MACROCATCHMENT WATER HARVESTING

CATCHMENT

CROPPING  AREA



Example for Rainfall harvest into mountain 
lakes/reservoirs, Tunisia - EU - HYDROMED Project 



Reservoir storage capacity using the HYDROMED model 

EU - HYDROMED Project 



Prediction of runoff volume to reservoir using the HYDROMED model

EU - HYDROMED Project 



Publications:
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Increasing water supply through the use of non-
conventional water resources

1. Agricultural drainage water

2. Brackish groundwater

3. Waste Water (treated, un-treated, 
domestic, Industrial, mining water, 
breweries, food packaging industry, sugar 
industry fish farming waste water, etc.)



SALINE WATER

icefresh water

There is not enough fresh water:

It is less than one one percent of the world’s water reserve:

the rest is SALINE or FROZEN. .

•The largest water reserves on land are groundwater

•they are the equivalent of 200 years of rainfall

•but more than half are saline: particularly in the arid regions
where they are needed most for irrigation





 

Country 
Cultivated 

Crops 

Salinity conditions Yield (ton/ha) 

Maximu
m actual 

ECe 
dS/m 

threshold 
value 
ECe 
dS/m   

Maximum 
actual yield 

(ton/ha) 

Potential yield 
FAO* 33 
(ton/ha) 

Actual 
Relativ
e yield 

%  

Italy 
Amaranth 22 22 2.7  77 

Quinoa 22 22 3  97 

Turkey 

Sweet 
pepper 1-6 6 60-65  63 

Quinoa 30 30 2.5  83 

Denmark Quinoa 40 40 1.66  68 

Spain Tomato 9 7 3.45  64 

Use of non conventional water resources

SWUP-MED Project



Saline Water Management

Surface drip irrigation system:

Two different pools for saline and non saline water

 Lateral lines with self-compensating drippers (4 L h-1),
along the rows at a distance of 0.30 m

SWUP-MED
EU project

Use of non conventional water resources



Using saline/brackish water to grow crops reduces the demand on fresh water

Tomatoes of high quality with high sugar content 
were obtained when using saline water for 
irrigation in field experiment in Egypt & Syria.

Use of non conventional water resources

EU - SALTMED Project 



Use of Saline water for cherry tomato production

Chery Tomatoes, Malaga Spain.  EU - SALTMED Project 



Chickpea, Syria 

Use of non conventional water resources

EU - SALTMED Project 



Pearl millet production under 
medium-high salinity

Evaluation of salinity tolerance 
and yield of 42 pearl millet 
genotypes at  5, 10 and 15 dS/m

Evaluation of salinity tolerance 
and yield of 280 barley 
genotypes at 15 dS/m (12g/L)

Barley production 
with high salinity

Use of saline water resources



Halophyte grasses 
Sporobolus virginicus and 
Distichlis spicata successfully 
adapted to intensive 
irrigated production using 
highly saline water (up to 30 
dS/m or 24 g/L).

Halophyte shrub Atriplex 
using very highly saline 
water (up to 30 dS/m) at 
ICBA HQ and on a 
demonstration site in 
Oman.

Use of saline water resources

Fodder, 
Dubai



 

Regional drainage water reuse plan



Water4Crops – EU funded project



Use of Sugar industry waste water for irrigation

Water4Crops – EU funded project



Water4Crops – EU funded project



Use of fish farming waste water for irrigation

Abdelraouf & Ragab 2017, Irrigation & Drainage
Won the best paper Award of ICID & Wiley



30 FAMILIES

ONE DAY 
STORAGE

IRRIGATION REQUIREMENT OF 
4000 m2 OF VEGETABLES / 
ORCHARDS OR OF 6000 m2 OF 
REENHOUSES/TUNNELS

WATER 
TREATMENT 
TECNOLOGY

In situ treatment

Water quality before 
and after treatment

SAFIR
EU project

Bologna, Italy

Use of domestic waster water for irrigation



Prototype 
installation 
Crete

Treated waster water at small community scale

https://www.grundfos.com/



The MBR treats primary treated wastewater near Bologna:

Treated waster water at small community 
scale

https://www.grundfos.com/



INLET Proportional Like 
Device

(Integrated Sampling Point)

Proportional Like Device
(PE/PVC Storage tank)

NETAFIM 
Gravel Filter

Gravel Filter 
Backflush

Heavy Metal 
Removal Device

150 mesh 
Screen Filter

UV disinfection

Fertigation 
Dosing Pump

OUTLET Proportional Like 
Device

(Integrated Sampling Point)

Proportional Like Device
(PE/PVC Storage tank)

Field Treatment System (FTS):Use of  Granular Ferric Hydroxide (GFH) to remove heavy 
metals.    

https://www.grundfos.com/



Prototype installation, Italy

Designed for 10 m3/d



Before 
treatment

After  
treatment



DRIP IRRIGATED 
GRAPES

OLIVE TREES

ORANGE TREES

PEACHES

Use of treated waste water in Tunisia



Economic incentive for using waste water  
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Improving 
Water Use 

Efficiency & 
Productivity

www.water4crops.org

http://www.water4crops.org/




Efficiencies from Storage to the field

Dam to Farm
 Operating 

Spills

 Poor 

Measurement

 Leaks

 Seepage

 Evaporation

Use by Plant
 Imprecise Timing

 No measurement 

of Crop Needs

Supply to 

Crop
 Poor Service

 Slow 

Delivery

 Varying 

Flows

 Poor Control

Dam

Channel

Farm

Plant



Crop water productivity

Crops: “more crop per drop”

Improving Irrigation Efficiency & Productivity



Farm lakes and irrigation reservoirs could host renewable electricity 

generation, according to Berkshire farmer and energy entrepreneur Mark 
Bennett who has just built the UK’s first floating solar farm on a new 60M litre

irrigation reservoir at his Sheeplands Farm near Wargrave.

Reservoirs and lakes can offer floating solar space, reducing

Evaporation losses and saving lands

Reducing water losses by evaporation 
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DAILY SCIENCE

Irrigation canals 
covered in solar panels 
are a powerful 
combination
This one simple trick 
generates renewable 
energy, saves billions of 
gallons of water, and 
shrinks farmers' 
carbon footprint—all 
at the same time.
By Sarah DeWeerdt
March 23, 2021

https://www.anthropocenemagazine.org/2021/03/the-two-for-one-benefits-of-solar-canals/

Source: McKuin B. et al. “Energy and water co-benefits from 
covering canals with solar panels.” Nature Sustainability 
2021. Image: University of California, Merced.
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Improved Infrastructure
• Improved storage, diversion, distribution & on-farm water use
• Efficiency 43% in developing countries
• Canal linings, pipeline conveyance & increased supplies to

tail end.  

Water Storage

Canal Lining

Pipeline

Improved Water Use Efficiency



Selection the 
most efficient 

irrigation 
system



Selecting efficient irrigation system



Application Efficiencies of Irrigation Systems

Type Range

Surface – corrugations

furrow

border dyke 

55 – 70%

60 – 70%

60 – 75%

Volume Gun 60 – 75%

Solid Set sprinkler 65 – 80%

Side Roll sprinkler 65 – 80%

Centre pivot – pipe mounted impact sprinkler

low pressure drop tube

70 – 85%

75 – 90%

Micro sprinkler 70 – 85%

Microspray 80 – 90%

Trickle 85 – 95%
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Water Use Efficiency In Irrigated Crop 
Production
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Addressing Water use efficiency

Today we use 30% less water to grow a crop than we did 25 years 
ago. ( Alta.Ag )



Minimize irrigation water losses

High Evaporation Low Evaporation

Sprinkler Irrigation Sub surface drip irrigation



Drip 
Furrow 

SUGARCANE - MAURITIUS

Increasing water use efficiency and productivity- selecting 
efficient irrigation system



Water saving in rice 
cultivation 



Surface drip irrigation in potatoes

Subsurface drip irrigation in potatoes

Water4Crops –
EU funded 
project





Improving Irrigation Efficiency and productivity-PRD

Partial 
root 
Drying 
Method
“PRD”





Water4Crops – EU funded project



Saving water by irrigating half of the root zone, the PRD method

Water4Crops – EU funded project



Food security requires production of more crop per water drop. Water saving through 
irrigation with drip subsurface irrigation system and PRD technique (only one half of the 

vertical root zone is irrigated at a time then alternate irrigation with the dry half). Saving in 
water is significant ~ 40% which means 40 % more food can be produced. 

Partial Root Drying , PRD

The results 
of Italy on 
tomato:  
PRD would 
allow water 
saving of 
26% and 
44% if used 
instead of 
normal drip 
& sprinkler 
systems, 
respectively.

Water4Crops – EU funded project



Alternating Furrow irrigation - PRD
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Using Nano-Irrigation
In theory, nanotechnology and nanoscience is the study, manufacture and 
handling of structures, mechanisms and materials on a scale of less than 
40 nanometres. 

Nano Irrigation is a new technology which by way of slowly releasing a 
small amount of water, it continuously moistens the soil, enabling 24 hour 
crop irrigation. The core technology of Nano Irrigation is the MOISTUBE: 
The inner layer is a semi-permeable membrane.

Installed under the ground, it is made of semi-permeable membranes with 
100,000 nanopores per cm2. These release a continuous small quantity of 
water near the roots, thus preventing the undesirable effects of 
percolation and evaporation. 

The use of this method reduces repeated human interventions and thus 
ensures great efficiency in terms of cost and optimisation of irrigation 
management for farming operations, agro-industrial companies and green 
spaces, particularly public spaces, tourist areas, lawns, gardens and golf 
courses, municipalities and private properties.
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Meryam El Ouafi, co-founder of the GEMS company, is taking the gamble Meryam is 
based in Agadir, in the Souss region. She is a recipient of EU co funding.



Aqua Credit Card – Bank account  



Improving water use 
efficiency through 

accurate estimation of 
crop water 

requirement using new 
technologies



Evaporation - Class A Pan



Sub-Humid
Climate

Mediterranean
Climate

Efficient water use in irrigated agriculture

http://www.water4crops.org/



www.water4crops.org

http://www.water4crops.org/
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Eddy Covariance The Eddy Covariance method is one of the 
most accurate, direct and defensible 
approaches available to date for 
measurements of gas fluxes and 
monitoring of gas emissions from areas 
with sizes ranging from a few hundred to 
millions of square meters.

The method relies on direct and very fast 
measurements of actual gas transport by a 
3-D wind speed in real time in situ, 
resulting in calculations of turbulent fluxes 
within the atmospheric boundary layer

In fluid mechanics and transport phenomena, an eddy is not a property of 
the fluid, but a violent swirling motion caused by the position and 
direction of turbulent flow



Combine optical/infra-red with micro/radio-wave 
scintillometer – sensitive to both temperature and humidity 
fluctuations.

ρ (T, q)

Transmitters

Path length, L

Receivers
Beams cross at centre of path

IR
MW IR

MW

Scintillometry at multiple wavelengths

Up to 10 km Path Length

Refractive index changes because of air density 
differences – heat and moisture.
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LI-COR Biosciences | Brief Guide To Eddy Covariance Measurements : 
https://www.licor.com/env/pdf/eddy_covariance/Brief_Intro_Eddy_Covariance.pdf



FAO Modified Penman-Monteith Equation



Penman - Monteith, FAO-56 (1998)version
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Reference Evapotranspiration, ETo, Crop Evapotranspiration, ETc , Actual 
Evapotranspiration by Eddy Covariance, ETa Eddy and by Scintillometer, ETa Scint   

Eta Eddy ETa Scint ET0 ETC

Eta Eddy/Eto % Eta Scint/Eto % Eta Eddy/Etc % Eta Scint/Etc %

44.46 34.38 45.14 34.91

Comparison between actual evapotranspiration measured by Eddy 

Covariance and Scintillometer, reference evapotranspiration estimated from 

Penman-Monteith equation and crop evapotranspiration calculated from 

ETo and the weighted mean of the crop coefficient Kc. 



COSMOS soil moisture sensors, “Area based” 

Large scale: 300-700 m radius

of sensitivity

Non-invasive, completely 

passive

Uses background fast neutrons 

generated by Cosmic rays, 

which are scattered (slowed) 

by H atoms.

Gives more representative soil 

moisture based on area not on 

a single point. More accurate 

SMD to better estimate 

irrigation water requirement. 



http://cosmos.ceh.ac.uk/



Water content adjusted for biomass for 60 cm effective depth as 

verified and tested by field measurements.



Ragab, R, Evans, J G, Battilani, A, and Solimando, D. 
(2017) Towards Accurate Estimation of Crop Water 
Requirement without the Crop Coefficient Kc: New 
Approach Using Modern Technologies. Irrig. and Drain., 
66: 469–477. doi: 10.1002/ird.2153.

Ragab, R, Evans, J G, Battilani, A, and Solimando, D. 
(2017) The Cosmic-ray Soil Moisture Observation 
System (Cosmos) for Estimating the Crop Water 
Requirement: New Approach. Irrig. and Drain., 66: 456–
468. doi: 10.1002/ird.2152.
Wiley issued a press release about the two studies

Publications

http://dx.doi.org/10.1002/ird.2153
http://dx.doi.org/10.1002/ird.2152
http://wiley.newshq.businesswire.com/press-release/irrigation-and-drainage/research-may-lead-improvements-water-use-crop-irrigation?hootPostID=d827bb25f153c5fa595c003777b223a3
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Can do: 

(1) 1-D transects. 

(2) 2-D maps. 

Two modes: 

(1) stop and measure (SAM); 

(2) drive and measure (DAM).

Mobile measurements using COSMOS rover 

Marek Zreda

University of Arizona, 

Tucson, USA



Use of non 
conventional 

crops



Selection of  crops

Encourage the use of :

• Less water consuming crops
• Drought tolerant crops
• Salinity Tolerant crops
• Use rotation of deep & shallow rooted 

crops.
• Heat and cold tolerant crops
• Wind tolerant crops
• Etc.



Virtual water for some important products



Nutritional value
High protein quality

High protein content (12-20%)

High vitamin content (A, B2, E)

High mineral content (Ca, Mg, Fe, Zn)

Drought 

resistant

Frost resistant

Salt tolerant

Rustic

 

 

To feed the world and secure food 
supply against climate change 
especially the drought, new crops 
that are drought and salinity 
tolerance like Quinoa and 
Amaranth need to be introduced 
.They  are cereal crops that have 
high nutritional values as well. 

AmaranthQuinoa

For food security we 

need to introduce new 

weather proof crops 

such as Quinoa and 

Amaranth

SWUP-MED
EU project



Turkey quinoa



Italy, Quinoa and Amaranth Experiments



Dry matter and yield calibration-validation

Quinoa

MOROCCO EXPERIMENT: QUINOA, SWEET CORN AND CHICKPEA



A surge of interest in quinoa is 
offering new opportunities to 
British growers, with
Shropshire providing the 
unlikely heart of UK quinoa 
production.

http://www.britishquinoa.co.uk/

Quinoa - UK
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Field 
management



• Suitable tillage practices (e.g. conservation 
tillage)

• Precise input – Low input (Precision Agriculture)

• Monitoring systems

• Agro-environment wild life strips at the edge of 
the fields to enhance pollination rate (e.g. 
sheepdrove farm near Wantage , UK). 

• Weed management

• Levelling for better water distribution and 
reducing runoff.

Improving land management for food 
production





• Reduces soil evaporation– increases water availability

• Increases organic matter

• Reduces soil erosion – increases nutrient availability

• Reduces agrochemical use (through recycling crop 
residues), labour, machinery, 

• Improves wild life

ASA -
Crop 
World 
2010



Conservation 
tillage



http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=yaF8jPmN22-WzM&tbnid=PdN0rkQAdgV6eM:&ved=0CAUQjRw&url=http://www.aewm.org/&ei=gb8fUoroB8HX0QWcuYDICA&bvm=bv.51495398,d.ZG4&psig=AFQjCNEUyEiKLTcOQbaz0P6dPdAmy6txBA&ust=1377898559061018
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=RDQ2Ov54QU7MOM&tbnid=nJlScuzosxqQGM:&ved=0CAUQjRw&url=http://dswcpunjab.gov.in/contents/data_folder/Laser_Level.htm&ei=5b8fUqbaFdOr0AWq8YCADw&bvm=bv.51495398,d.ZG4&psig=AFQjCNEUyEiKLTcOQbaz0P6dPdAmy6txBA&ust=1377898559061018


Precision 
Agriculture 
for efficient 
use of water 

resources



Telemetry system

S1 S2 S3

P1 P2

FieldSoil moisture sensor

Transmitter

server

Control panel

Precision Farming SWUP-MED
EU project

Precision irrigation









Use of Drones





Models as Tools for 
Management



Models could be good tools for resources management



SALTMED MODEL 

Freely downloaded at:
The ICID web site :

https://www.icid.org/wg_crop.html

(EU funded) & the basis of the SALTMED model can be found at:

Special Issu : J. Agric. Water Management,volume 78 (1-2), September, 2005, (Guest 
Editor, Ragab Ragab)

The  Results of SAFIR project (EU funded) can be found at:

Special Issu : J. Agric. Water Management,volume 98 (3), December, 2010, (Guest Editor, 
Ragab Ragab)

The results of SWUP-MED project (EU funded) can be found at:

Journal of Irrigation and Drainage, 2015.Volume 64 (1) and the following issues. 

The  use and management of waste water  for irrigation (ICID)can be found at:

Special Issu : Journal of Irrigation and Drainage.volume 54.  (3), 2005, (Guest Editors 
HUIBERS, F.P., RASCHID-SALLY, L. and RAGAB, R. 

“SALTMED Publications in Irrigation and Drainage. 
Virtual Issues First published: 20 May 

2020 Last updated: 20 May 2020. Wiley on line 
Library”. 

https://onlinelibrary.wiley.com/doi/toc/10.1002/(IS
SN)1531-0361.saltmed-publications

The  Results of SALTMED projects 

https://www.icid.org/wg_crop.html
https://onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1531-0361.saltmed-publications




Soil nitrogen cycle and processes according to 
Johnsson et al. (1987)

Processes

• Mineralization

• Immobilization

• Nitrification

• Denitrification

• Leaching

• Plant N Uptake



Sub-surface drainage



SALTMED Model (EU projects: SALTMED, SAFIR, SWUP-MED) 
Main Components

Evapotranspiration

Plant water uptake

Water and solute transport under different 
irrigation systems

Leaching

Soil Nitrogen dynamics

Soil Temperature

Drainage and Groundwater levels

Crop yield - water use relationship

Crop rotation, 20 fields or treatments



Evolution of soil moisture, salinity profiles & yield



Water distribution in presence of sub-surface drainage



Dry matter and yield of four cropping seasons  



OR

Daily weather data 
of present conditions

Calibrated data of:

Plant

Soil

Experimental site

Daily weather data of 
future climate 
conditions

GCMs Management

RSWD YR

Sowing date
Crop growth  
length

Sustainable irrigation 
management

SWC

Impact of climate change, Italy
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Scenarios 2050
C°

2095
C°

high emissions 1.65 3.13

medium emissions 1.75 2.65

low emissions 1.29 1.79

Climate Change impact on Amaranth season



Name easting northing Elevation, m

Sussex coast          (0) 482500 102500 4.5

Parrett estuary       (1)
327500 142500 4.6

Foulness                (2) 597500 192500 3.4

The wash               (3) 557500 307500 1.7

Norfolk Broads     (4)
642500 322500 2.6

Humber estuary     (5) 
522500 422500 4.5

Morecambe Bay   (6) 337500 447500 6.9

Inundation levels of the 7 

sites over the 2000 to 2099 

period. UK Met Office 

HadCM3 model (A1B 

scenario)+ Surge model 

POLCS3. 

Salinity threat to some UK lowland coastal sites (soils) due to 

possible seawater inundation under future climate change, 

(DEFRA-2010). Salt tolerant crops and fodder/grass will have 

to be introduced at Parrett estuary, The wash and Norfolk 

Broads for UK food security.  



Site 2 grass 2020 2030 

 
 

  

 
 

Site 2 grass, 2020 2030, evolution of soil salinity over time.   

 
Site 2-Parrett Estuary, Grass

25/01/2020

18/03/2020

25/11/2020



 

 

 
 

 
 

Site 5, spring barley, 2020-2029, soil salinity evolution over time. 

 

02/07/2020

14/08/2022

31/12/2029

Site 5-Norfolk Broads, Spring Barley



What would happen to soil & vegetation when seawater level rises 
around the UK

To predict the impact of possible seawater inundation on vegetation survival and soil salinity, the CEH SALTMED model was 
applied on three lowland coastal sites using seawater with salinity 45 dS/m and different climate change and seawater surge 
scenarios : Sites: 2-Parrett estuary, 4-The Wash, 5-Norfolk Broads. Sites 2 and 4 require more salt tolerant varieties in order to survive 
the possible inundation. 



http://randd.defra.gov.uk/Document.aspx?Document=SP0571_9946_FRP.pdf

Defra Project SP0571. Modelling the impact of climate change on soils using UK 
climate projections Scientific report. 2010.

David Cooper, Claire Foster, Richard Gooday, Paul Hallett, Peter Hobbs, Brian 
Irvine,  Mike Kirkby, Katrina Morrow, Ragab Ragab,  

Barry Rawlins, Mark Richards, Pete Smith, Dave Spurgeon, Andy Tye
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Publication

http://randd.defra.gov.uk/Document.aspx?Document=SP0571_9946_FRP.pdf


There are several 
approaches to deal 
with the issue of 
water scarcity . We 
need to select the 
right switches.  




