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On field application – A success story



Session structure

Crop Water Productivity concept

AquaCrop – The tool

Methodological approach for enhancing water productivity

On field application – A success story
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Conclusions of Webinar 1.1
‘Sustainable Agricultural Water Management and Enhanced Crop Water Productivity’

Increase
production

Produce
the same
with less

Food security Poverty Pressure on
water resources

Improving the crop water productivity
In a sustainable way

Crop Water Productivity conceptSession 1.2



Crop Water Productivity concept

Why is world food production increasing over the 
years?

Sources of growth in agricultural production

Session 1.2
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Increase in the 
cultivated area 

(ha)
or

in productivity 
(kg/ha)?

Crop Water Productivity conceptSession 1.2



Production 
increase

(+ kg)

Area expansion
(+ ha)

Production 
intensification

(+Kg/ha)

Intensification:
+ Inputs

(fertilizers, 
pesticides, 

capital, etc.) 

!Efficiency
(production 

factors) 

Fuglie
(2015)

Technological
development
Human capital 
development
New infraestructures
etc.

Crop Water Productivity concept

Poll
question

Session 1.2

Sources of the production increase 



Fuglie
(2015)

What are the sources of growth?

A
ve

ra
ge

an
nu

al
gr

ow
th

(%
)

1961-70 1971-80 1981-90 1991-00 2001-12
0.0 %

3.0 %

2.5 %

2.0 %

1.5 %

1.0 %

0.5 %

Irrigation

Area

Inputs/area

PF efficiency

Increase rate

R+D as 
driver

Crop Water Productivity conceptSession 1.2



CO 2 H2O
Solar 
radiation

Carbon has a price

GlucoseBiomass

Crop Water Productivity conceptSession 1.2

An assimilation Factory 
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The fundamental relation between production and water consumed

Applies to major field 
crops (cereals, etc.) 

and most horticultural 
crops   

Crop Water Productivity conceptSession 1.2

APPLIED IRRIGATION WATER (mm)

ETc

Why is the relation between yield and applied irrigation water 
curved?



The penalty of our environment with high evaporative demand

EVAPORATION >> RAINFALL

High Evaporation 

Low Rainfall

Crop Water Productivity conceptSession 1.2

MORE WATER CONSUMED PER UNIT PRODUCED 



Water productivity

What is water productivity?

Crop Water Productivity conceptSession 1.2

=
Production / Value

Water Input

Biophysical Economic

Yield
Product value

Societal benefits 

Consum
ed

Used

ET AIW



Trade-offs between water productivity and land productivity

Maximum water productivity

Maximum yield

Crop Water Productivity conceptSession 1.2

Why do we get the maximum WP at production levels below the maximum land productivity?
Is this a general response for all crops and production environments? 



Rice

Trade-offs between water productivity and land productivity

Bouman et al. 
(2008)!" #$%&$' "(' !)*%+" "(' ,-."/

Need to reach a compromise

Crop Water Productivity conceptSession 1.2



LetÕs discussÉ

Crop Water Productivity conceptSession 1.2



Session structure

Crop Water Productivity concept

AquaCrop – The tool

Methodological approach for enhancing water productivity

On field application – A success story

Session 1.2



AquaCrop – The tool

Target
Develop guidelines for improving crop water 

productivity

Agricultural water management is a complex activity

Climate 
(Rain, ETo, Tª)

Crop 
(Variety…) Soil 

(Hydraulic characteristics,
fertility level…)

Irrigation system 
(Frequency, 
efficiency…)

Management
(Sowing date, fertilization…)

Need to make many decisions
How do we support the farmer?

Session 1.2



AquaCrop – The tool

Target
Develop guidelines for improving crop water 

productivity

Conduct field 
experiments to asses yield

response to water

Simulations with a 
model  to asses yield response

to water

Time & resources 
consuming

Calibration & 
validation are 

needed

! Quickly obtain promising management strategies
! Test successful strategies in other regions
! Formulation of guidelines

Session 1.2



AquaCrop – The tool

What is a model?

Atmospher
e

Plant

Soil

System

Model: F(x)

F(x) = (f1(x), f2(x), f3(x), ...)

Interactions

Ecophisiology

Agro -

meteorology
Pedology

It is a simplified 
representation of a system

Session 1.2



Session 1.2 AquaCrop – The tool

Need for a model to assess crop yield response to water
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AquaCrop – The toolSession 1.2



! Uses a relatively small number of parameters

! Requires only commonly available inputs

! Balance between simplicity, accuracy and 
robustness

Based on:
! Plant physiology process
! Soil water budgeting 

process

Is widely applicable 
with acceptable 
accuracy

General 
Concepts

AquaCrop – The toolSession 1.2



OUTPUT

AquaCrop – The tool

Climate

Crop

Management

Soil

INPUTS OUTPUTS

Yield

OUTPUTBiomass

OUTPUTWater balance 
components

OUTPUTWater 
Productivity

Climate scenarios

Planting date

Planting density

Cultivar selection

Irrigation 
management

Fertility 
management

Session 1.2



Practical 
applications

' Yield gap analysis 
' Evaluate different crop and field management practices
' Formulation of irrigation scheduling programs
' Develop irrigation strategies under water deficit conditions
' Assess crop responses to environmental changes

Develop guidelines for farmers

Decision support for policy makers

AquaCrop – The tool

Water 
Productivit

y

Manageme
nt

Environmen
t

Session 1.2



AquaCrop – The tool

AquaCrop linked with other models:
! AquaCrop + Economic model
! AquaCrop + GIS
! AquaCrop + Irrigation platform
! AquaCrop + Hydrological model

Thorp and Bronson
(2013)

GeoSim + 
AquaCrop

Session 1.2



Number of publications

Implemented in 63 
countries

Session 1.2 AquaCrop – The tool



AquaCrop – The tool

By  D. Raes

2

4

6

8

G
ra
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)

Wheat
(Tunis)

Session 1.2



' What are the yield gaps?

' What are the current WP gaps?

' Are present farm irrigation practices efficient and adequate?

' Are there other limiting/reducing factors affecting crop production?

' What are the best strategies to enhance the WP?

' …

AquaCrop – The toolSession 1.2

AquaCrop is an useful tool for answering:



LetÕs discussÉ

AquaCrop – The toolSession 1.2



Methodological approach for enhancing water productivity

Crop Water Productivity concept

AquaCrop – The tool

Methodological approach for enhancing water productivity

On field application – A success story

Session 1.2



Implement and monitor the application of  AquaCrop
to enhance crop water productivity under small -scale 

farming conditions

Methodological approach for enhancing water productivity

Target

Develop a new comprehensive methodological approach 

Session 1.2



Methodological approach for enhancing water productivitySession 1.2



Yield gap

Actua
l

Attainabl
e

Methodological approach for enhancing water productivity

Actua
l

Attainabl
e

Water productivity gap

Session 1.2

Gaps to be filled



Irrigation 
management

Agronomic 
practices

Where are farmers at?

Where do they need to be?

How will they get there?

Actual water productivity and yield

Attainable water productivity and yield

Good agricultural practices

Methodological approach for enhancing water productivitySession 1.2

Guiding questions



Assessing and improving on-farm crop water productivity

in small scale agriculture

Our target

! To determine the WP gaps
! To identify the causes of the WP gaps
! To propose management strategies to close the gaps
! To delineate and propose policies that will enable the closure 

of WP gaps
Activities

Methodological approach for enhancing water productivitySession 1.2
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3 pilot small
irrigation
schemes

Innovation

Learning

Scaling up

Water User 
Association -
Cooperative

Water User 
Associations

Water User 
Association -
Cooperative

Methodological approach for enhancing water productivitySession 1.2
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Irrigation management
! Irrigation system
! Irrigation event management
! Irrigation scheduling
! Land leveling
! etc.

Agronomic  management
! Cultivar
! Plant density
! Planting date
! Fertilization management
! Mulching
! Weed and pest control
! etc.

FACTORS INFLUENCING

Variability
among farmers

Methodological approach for enhancing water productivitySession 1.2
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Montoro et al. 
(2011)
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Irrigation management
! Irrigation system
! Irrigation event management
! Irrigation scheduling
! Land leveling
! etc.

Agronomic  management
! Cultivar
! Plant density
! Planting date
! Fertilization management
! Mulching
! Weed and pest control
! etc.

FACTORS INFLUENCING

Physical
! Climate
! Soil
! Irrigation water supply
! Irrigation water quality
! Field sizes
! etc.

Institutional
! Water user regulations
! Water fees
! National policies
! etc.

CONSTRAINS

Socio-economical
! Availability of cultivars
! Access to agro-inputs
! Crop prices
! Labour availability
! etc.
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Session 1.2

Technical sessions

Discussion groups

Data compilation

Methodological approach for enhancing water productivity

Major constrains and factors influencing the crop WP 
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Characterization of the irrigation and agronomic practices and the possible 
causes   

(A) General information 

(B) Cropping practices

(C) Irrigation management

(D) Production

(E) Socio-economic 
information

Stratified random sampling of proportionate allocation 

Methodological approach for enhancing water productivitySession 1.2

Semi-structured farmers interviews
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Distribution
uniformity

Application
eficiency

Methodological approach for enhancing water productivitySession 1.2

Irrigation systems performance evaluations
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Monitoring fields
No limitations Water and fertility 

stress

Methodological approach for enhancing water productivitySession 1.2

Monitoring farms for parametrization/validation
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Design and simulation of management scenarios



Regional Workshop
17-22 May 2015 - Cordoba, 

Spain 

Methodological approach for enhancing water productivitySession 1.2

Design and simulation of management scenarios
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Session 1.2

Design of good agricultural practices guidelines

Improved farm irrigation management 
alone is necessary but not sufficient, 

we need to optimize overall farm 
management

Methodological approach for enhancing water productivity



Session 1.2

Design of good agricultural practices guidelines

Methodological approach for enhancing water productivity
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Session 1.2

Demonstration actions for validation and dissemination

Guidelines for water management & 
agricultural practices

Demonstration 
plots

Control 
plots
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Session 1.2

Promoting change in agricultural practices
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LetÕs discussÉ
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Crop Water Productivity concept

AquaCrop – The tool

Methodological approach for enhancing water productivity

On field application – A success story
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Agricultural 
practices

Irrigation management

Session 1.2

Mubuku irrigation scheme 
(Uganda)

Reducing the water productivity gaps

Irrigation water supply

Reducing WP gaps

On field application – A success story


















