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Simulation as a tool to formulate guidelines

Simulation is performed by means of a
mathematical model

simplified representations
of a particular system

part of the reality that
the engineer wants to study

System: soil-plant-atmosphere continuum (SPAC)

atmosphere

trg

plant

!

soil

capillary deep
rise percolation

Field experiments

' to asses yield response to water
| before valid recommendations can be formulated
< the experiments should run for a number of years
¥ (different climatic conditions), by considering various

lanting dates, different environmental conditions, ...

Calibrated/Validated model

= quickly obtain promising field management strategies
= test successful strategies in other regions/crops

= formulation of guidelines

Explanatory model (SPAC)

to asses yield response to water
Calibration/Validation

A model to assess crop yield response to water
A model is required which:
= is based on accurate plant physiological and soil w
budgeting processes
= is widely applicable with acceptable accuracy
= require only commonly available input
(climatic, soil, crop and field data)
= allow easy verification
(simple field observations ~ €=>» simulation results)
= is simple to use

ater

AquaCrop uses a relatively small number of
parameters (explicit and mostly intuitive) and

-/ attempts to balance simplicity, accuracy and
robustness.
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Structure of the presentation

1. The AquaCrop model
< 2. Practical applications
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OUTPUT

biomass and crop yield

INPUT/ %

environmental

conditions AQUA for given environmental
ALUrF .
conditions
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= various weather conditions

= selected crop

= selected soil
- Soil profile
| - Groundwater table
ﬂ = various management conditions
= field
management

understand
crop responses
to environmental
changes

= irrigation
management 8

e conditions
N i
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The model is useful rainfed irrigation

= to understand crop responses to environmental changes
(educational purposes);

to design optimum management practices;

to develop irrigation strategies under water deficit conditions
= to compare attainable against actual yields (benchmark tool);
to study the effect of climate change on food production,

* to analyze scenarios for policy makers;

= to formulate guidelines for farmers;
= etc. °
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1. The AquaCrop model
2. Practical applications

< 3. Calculation scheme
= Crop development

= Crop transpiration
= Biomass production

= Yield formation

2. Calculation scheme
= Crop development maximum
canopy cover canopy

senescence
above ground

canopy
expansion

below ground surface

root zone expansion

maximum effective rooting depth
is reached 1

Instead of Leaf Area Index (LAI)
AquaCrop uses green canopy cover (CC)

soil surface covered by the green canopy

unit ground surface area

ranges from 0 (bare soil) to 1 (full canopy cover)

0% — 100 %

soil surface
covered by
green canopy

unit ground
surface 12




Canopy Cover ?

assess CC from picture
(software)

take
overhead picture

Winter wheat
(Walshoutem, Belgium)

Green Canopy Cover (CC)

Canopy development (non-limiting conditions)

crop characteristic
(input)

logistic equation
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soil water
balance £

stored soil wate

capmary f l (DP)
(CR) pemu\annn

Root development

Zr

time,

17

Canopy development
(no water stress)

CC

green
Canopy Cover

i

Canopy development
(actual soil water conditions)
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simulation

|
Soil water balance

i
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adjustment canopy cover to water stress
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2. Calculation scheme
= Crop development i
= Crop transpiration «—

transpiration

(upper) thresholds

E - FC
E leaf expansion

% stomatal closure

B

= canopy senescence

2 p——ob) PWP
°

)

o
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0.0
capillary (DP)

rise

weather conditons | |  P——YFpmmmmexy leaf expansion
H cC canopy .
senescence
Gl L Canopy
HE development
crop coefficient V N
__— reference evapotranspiration
PSR evaporative power of
Transpiration = the atmosphere soil water
balance £
H
00
capillary (DP)
i root zpne
0 proportional to green canopy cover (CC) expagion
0 proportional factor (Kc ) Root development _+"time,
(integrating the effects of characteristics that
distinguish the crop from the reference grass) Zr
no water stress =
-«leaf expansion,
CC =ee CANOPY sn
senescence
Canopy -
Water stress development
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2. Calculation scheme
= Crop development

= Crop transpiration
= Biomass production

Plant leaves absorb CO, fr
stomata and, at the same ti

There exists a stable & conservative nature
between = Biomass (B) and
= Cumulative transpiration ( Z(Tr))

...... WP

biomdss water productivity

kg(biomass)/m 2.mm(water)

B: above ground biomass
(kg/m?)

process called Transpirati >
into carbohydrates which a £(Tr) : cumulative crop transpiration
% (mm water) %
For given climatic conditions
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. e Sorghum -
rT'E P. Sunflower 35000 4 ——— China99
................... ! ] . ghnadgs,
o 2 = Chickpea " Fawais3
< o  Wheat ——— 30000 Hungary ON
"""" Hungary 175 kgN/ha
0 v 250001 U Gainesville irrigated 400N
g \6\ . Spain96Full irrigation
g1l o Sorghum N, S £ (S;EazlgﬁGIEO%lml'
4 — a.mmili
9o N; o Sorghum Nj 2 20000 9
oM & Sunflower N, B *
% 4 Sunflower N, ,"-’Q 4 .. g g 15000 1
0 8 o wheat #7 g\“\ el
00 03 E o Chickpe: M 10000 4
8 .
* 5000 -
qu') % (? Maize
by dividing Tr by ETg 510 G 0
WP is normalized for climate % Crops group in 0 20 40 60 80 100 120
WP WP* 2 classes having ‘ 5(Tr/ETo)
—> e 0 the same WP*
..... 9 40 80 120 160 )
B o e Data from ICASA, IAEA & UniMelb 28
Data from Steduto & Albrizio, 2005, Agric. & For. M eteor.”**" =P Z(Tr/ETo)

eaf expansion,

CcC

+2s CANOPY =ax
senescence

Canopy
development

4

Tr = KsKc 1, ETo
b soil water
balance £

wate

.

"

H

H

t .
‘ deep .
percolation &

root adne
expapsion
Root development " time,

2. Calculation scheme

= Crop development
= Crop transpiration

= Biomass production
= Yield formation
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B = total above-ground biomass
stem, leaves, flowers, g

Harvest Index (HI) =
fraction of B that is the
harvestable product
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Conservative crop parameters

Thresholds for water stress
= leaf expansion

= stomatal closure

= senescence

Biomass
Water Productivity
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Etcetera ... 28
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evapo- irrigation (1)
transpiratiol rainfall (P)

stored soil water (mm)

= Depth of the groundwater table

= Water quality (salinity)
41

Sreurdwatn

Simulation —  simision peind |
N =
L. — 1 mnamm:l

— "% OFssson

Run <<<
Project —  Prect |
Field dda—i.i}— Feiddss |

= Irrigation method

= |rrigation schedule
*when

* how much

« water quality

= Generate irrigation schedule
«when = time criterion
« how much = depth criterion
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2. Practical applications
3. Calculation scheme
4. Input data
< 5. Limitations
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5. Limitations

[ |
« Uniform field 2L, vertical
| fluxes

= Annual crops

ccC

stored soil water (mm)

time
single growing cycle

00
capillary (DP)
rise deep
(CR) percolation
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1. The AquaCrop model A
2. Practical applications

3. Calculation scheme

4. Input data

5. Limitations http://www.fao.org/nr/water/aquacrop.html

< 6. Under development

= Version 3.0 - January 2009
= Version 3.1 - January 2010
= Version 3.1+ — January 2011
= Version 4.0 — August 2012
=Version4.1 .......
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Under development
|

= Further calibration and
validation of agricultural crops

= Forage crops (with several harvests
during the season)

|

= Extra field management strategies
(weed infestation, multiple crops, pests
and diseases ..)
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