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2.1 The AquaCrop environment

AquaCrop is a menu-driven program with a well developed user interface. Windows
(called menus) are the interface between the user and the program. Multiple graphs and
schematic displays in the menus help the user to discern the consequences of input
changes and to analyze the simulation results.

From the Main menu the user has access to a whole set of menus where input data is
displayed and can be updated. Input consists of weather data, crop, irrigation and field
management, soil and groundwater characteristics that define the environment in which
the crop will develop. Also the sowing or planting day, the simulation period and
conditions at the start of the simulation period are input. If the simulation period does not
fully coincide with the growing cycle of the crop, off-season conditions valid outside the
growing period can be specified as well as input.

Before running a simulation, the user specifies in the Main menu the sowing date, the
simulation period and the appropriate environmental, initial and off-season conditions.
Input can be retrieved from input files. In the absence of input files, default settings are
assumed (see 2.3 Default settings at start). The user can also select a project file
containing all the required information for that run, and a field data file with
measurements to assess simulation results.

When running a simulation the user can in the Simulation run menu track changes in soil
water and salt content, and the corresponding changes in crop development, soil
evaporation and transpiration rate, biomass production, yield development and water
productivity. Simulation results are stored in output files and the data can be retrieved in
spread sheet programs for further processing and analysis.

Program settings allow the user switching off calculation procedures, or altering default

settings in AquaCrop. With the <Reset> command in the Program Settings menus,
settings can be reset to their default.
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2.2 Main menu

Main menu — 0] x|
Environment and Crop

Climate
Clirnate: I—'I[None] Specify climatic data when Running AquaCrop
Crop
Growing cycle; Daw 1 after sowing: 22 March - Maturiby: 24 July
Crop I—{ﬁFﬂ\ULT.CHD & genernic crop

Management

Irrigation [Mone) Rainfed cropping

Field [Mone) Mo specific field management

i

Sail

Soil profile DEFAULT.SOL Deep loamy soil
== _;|7 Groundwater [Maone] no shallow groundwater table

Simulation —  simulation period I—Simulation perod: From: 22 March - Ta: 24 July

' =
1. 1 I— Iritial conditions [Maone] Soil water profile at Field Capacity

K'_
#

.

Off-zeazan Simulation perod linked to cropping period

iject —W Mo specific: project
Field data %M Mo field observations

& Exit Program |

Figure 2.2
Main menu of AquaCrop

The Main Menu consists of 3 panels where the names and descriptions of the selected
input files are displayed (Figure 2.2):
A. Environment panel: where the user:

(1) selects or creates Climate (Temperature, ETo, Rain, CO,), Crop, Management
(Irrigation and Field), Soil profile and Groundwater files and updates the
corresponding data;

(2) specifies the start of the growing cycle;

B. Simulation panel: where the user:

(3) specifies: (i) the simulation period, (ii) the initial conditions for a simulation run,
and (iii) the off-season conditions when the simulation period exceeds the
growing period;

(4) runs a simulation for the specified environment, period and conditions.

C. Project and Field data panel: where projects and field data files can be selected,
created or updated.
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2.3 Default settings at start

2.3.1 Selected input

When AquaCrop is launched it selects a default crop and soil file. No other files (files are
‘(None)’) are selected. In the absence of climate, irrigation management, field
management, groundwater, initial and off-season conditions files, the default settings are
assumed (Tab. 2.3).

Table 2.3. Default settings assumed at the start of AquaCrop or after undoing the
selection of a project

Environmen | File Remarks

t

Climate (None) A default minimum and maximum air temperature (see
Climate), an ETo of 5 mm/day, no rainfall and an average
atmospheric CO, concentration of 369.47 ppm are assumed
throughout the growing cycle. When running a simulation
without a climate file, the user has still the option to specify
other than the default ETo and rainfall data. This climatic data
can be specified for each day of the simulation period in the
Input panel of the Simulation run menu

Crop Default | Generic crop data

Irrigation (None) | Rainfed cropping is assumed. When running a simulation in

management this mode, irrigation can still be scheduled. The quality of the
irrigation water and the irrigation application amount can be
specified for each day of the simulation period in the Input
panel of the Simulation run menu

Field (None) | No specific field management conditions are considered. It is

management assumed that soil fertility is unlimited, and that field surface
practices does not affect soil evaporation or surface run-off

Soil Default | Deep loamy soil

Groundwater | (None) Absence of a shallow groundwater table

Simulation | File Remarks

Period The simulation period covers the growing cycle completely

Initial (None) At the start of the simulation it is assumed that in the soil

conditions profile (i) the soil water content is at field capacity and (ii)
salts are absent

Off-season (None) | No specific field management conditions are considered

conditions outside the growing period. When running a simulation there
are no irrigation events and mulches does not cover the field
surface in the off-season

Project/ File Remarks

Field data

Project (None)

Field data (None)
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The default input can be altered by selecting input files (see 2.4), by updating the default
settings in the corresponding menus or by altering the characteristics retrieved from the
input files (see 2.5), or by creating input files (see 2.6).

2.3.2 Program settings
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2.4 Selecting input files and undoing the selection

By means of the <Select/Create> commands in the Main menu the user has access to
data bases where the input files are stored (Fig. 2.4). The default data base is the DATA
subdirectory of the AquaCrop folder. With the <Path> command the user can specify
other directories.

Main menu

Er_WIronmenl and CTOP e [ Select/Create Climate file
Climate

(= Display/lpdate Climate characteristics |

Crop Select climate file

mi Crop l_ SELECT file from Data Base
Management ﬁ |
| ﬂ.‘_ | 18 [ Create Climate file |

4

B &]— {double) Click a File in the list to select
Soil |
Sail profile |— File Mame |Description |;|
—_— | Cordoba.CLI Cordoba, Spain 1Jan-310ec1986 - Data by University of Cordoba
= ;'— Groundwater |—

[raviz.CLI Dravis, California 1Jun-310ct1996 - Data by University of Califoria
- - Foogia. CLI Foagia, [taly 1Jan2000-31Dec2001 - Data by Consiglio per la Ricer:
Simulation —  simuation period |—Simulati0n period: = 5a Y Y g p
[N Hawzen.CLI Hawzen strategy _I
1. J 1 .—M—‘[None] Lima.CLI Lima, Peru 1Jan-310ec1 995 - Data by International Potato [nstitute
X |~ Off-seasan Simulation period i 2.l 0 ;. Philippines 1Jan-310ec2004 - Data by International Ric]
‘ -
~/=— Run F<<<
£ . —_—— Hi-LL-
Project —  Project |—1[Nonel < @ LINDD selestion

Field dala—%i'— Field data |—{[None] il B
ILosBanos.CLl —|:))) T Delete selected file |

& Ex

33 (= Dizplay/Update Climatic data |

X s

Figure 2.4
Access to the Select climate file menu where input files can be selected from the data
base and where the selection can be undone with the <UNDO selection> command

2.4.1 Selecting a file

By clicking on the <Select> command in the Main menu, a list of the relevant input files
available in the selected directory is displayed in one of the Select file menus (Fig. 2.4).
An input file is selected by clicking on its name in the list.

2.4.2 Undo the selection

When a climate, irrigation, field management, groundwater, initial conditions, off-season
conditions, field data, or a project file has been selected, an option is available to undo
the selection and to return to the default settings (see 2.3). This is achieved by clicking on
the <UNDO selection> command in the Select file menu (Fig. 2.4).
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2.5 Displaying and updating input characteristics

2.5.1 Displaying input data

From the Main menu the user has access to a whole set of menus where input data are
displayed (Fig. 2.5a). This is done by clicking on the file name or the corresponding icon
in the Main menu.

Main menu . =10 x|

Environment and Crop
Climate

- Display of climate characteristics menu

—p Display of crop characteristics menu

—> Display of irrigation management menu
S —p Display of field management menu

—p Display of soil profile characteristics menu

_|-—> Display groundwater table characteristics menu

Simulation —9  Simulation period menu

_.]
H

i

-

+—» Display of initial conditions menu
— X {—9 Display of off-season conditions menu

= Run  |—<<<

Project ——p Display of project characteristics menu
Field data _&y_—p Display of field data menu

& Exit Program |

Figure 2.5a
By clicking on the Icons (or file names) in the Main menu
the specified input data is displayed in a set of Display menus
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2.5.2 Updating input data
From the Main menu the user has access to a set of menus where input data can be
updated (Fig. 2.5b). This is done by first opening the access to the data base (click on the
appropriate command in the Main menu) and by subsequently selecting the
<Display/Update characteristics> command. In the menus the data can be updated and
saved as default settings or in input files when returning to the Main menu (see 2.7 to

exit and close a menu).

Main menu

=lolx|

Environment and Crop
Chimate

Management _ .

Field |—
g_E‘ Soil profile |—
! _;'l— Groundwater |—

Simulation —  smulstion pernind |—‘3|mu|al|c
1 T— Initial conditions |—{[Nmna]

&

?— Off-seasan Simulatic
“— Run |—<<<
Pro]ecl = Froject |—|[Nmna]

Field data—&l— Field data |—|[None]

|— Path

= Display/Update Irigation management |

Irrigation management = | Dlﬂ
Irrigation schedule
taode | Irigation method | migation events I
lirigation water quality —Igood vl—|
- EC, 0.5 |2|dS/m —{excellent
Add I il events L] I |EI and |
moderate
Lt * agzsigh
—| DapMo. 1 -dap 1 after sowing: 22 March 2004 |—| YEry poor
Wht?n? Depth? Qulalily
Ewvent Date Diap Mo. |Net application [mm) | dS/m |ﬂ
1 22 March 2004 1 20 0
2 26 March 2004 5 20 08
3 31 March 2004 10 50 05
Growing cycle
4 4 10 Apiil 2004 20 50 05
ﬁ 5 20 Apiil 2004 a0 50 05
E 30 Apiil 2004 40 50 05
Canopy Caver | 7 10 by 2004 50 50 0.5
Flat events | 2 20 May 2004 E0 50 08 ;I
Clear &l Events |
Day Mo. 125 - maturity: 24 July 2004
‘ x Cancel | > Main Menu E Save as |

Figure 2.5b
Access to the Irrigation management menu
where the displayed input data can be updated

In the Menu reference of this Chapter the Display/Update menus are described (sections

2.8 t0 2.20).
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2.6 Creating input files

2.6.1 The save on disk command
After updating the characteristics in one of the menus (see 2.5.2), an input file (if not yet
available) is created by selecting the <Save on disk> command (Figure 2.6a).

Create a new file

(a)
Select menu J
>

List of files

—

Display/Update characteristics

\/M

(b) y

Create a new file

‘ Select/Create a file Path |

‘ Display/Update characteristics

Figure 2.6a
Options available to create input files by means of the user interface

2.6.2 The save as command
If the displayed data in the characteristic menu was retrieved from an input file (Fig.
2.5b), a copy of the file will be created by clicking on the <Save as> command. This
option allows the user to create various copies of a dataset which may differ only in one
particular setting. This might be useful for the analysis of one or another effect on crop
development or water productivity.
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2.6.3 Create file

Create file menus are available to create input files for new climate, crop, irrigation
management, soil profile, groundwater, field data or project data. The Create file menus
becomes available by selecting the <Create file> command in the Select file menu (Fig.
2.6a).

= Create climate file
Creating a climate file consists in selecting or creating a Temperature file, ETo file, Rain
file and CO, file (Fig. 2.6b)

Create climate file |0 =
Ecs

File Name | - |l:LI

Description

Selected Temperature. ETo. Rain and CO?2 file

File: Mame Diescription
" Temp I[None] IDefauIt temperature data: Tmin=12.0 and Tmas =28.0°C
" ETa I[N one| ISpecif_l,l ETo data when Running AquaCrop
(l: Rain I[None] ISpecif_l,l Rain data when Running AquaCrop
oz IMaunaLoa.CD2 IDefauIt atmogphenc CO2 concentration from 1302 o 2033

~ Data Base -
| H IJ“ — 17 Select file from Bain Data Base

[% Create new Rain file |

| X Cancel |
Figure 2.6b

Create climate file menu

= Create ETo, Rain or Temperature file

When creating an ETo, Rain or Temperature file, the user has to specify the type of data
(daily, 10-daily or monthly data), the time range and the data. Existing climatic data can
be also pasted in an ETo, Rain, or Temperature file as long as the structure of the file is
respected (see 2.21.2 Temperature, ETo and Rainfall files).
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= Create crop file

When creating a crop file, the user selects the type of crop (Fruit/Grain producing crops,
Leafy vegetable crops, Roots and tubers, or Forage crops) and specifies a few parameters
(Fig. 2.6¢c). With the help of this information AquaCrop generates the complete set of
required crop parameters. The parameters are displayed and the values can be adjusted in
the Crop characteristics menu (see 2.9).

Create crop file o ] |
File Name || -|CRO

Description I

Crop Type

f* Fruit/Grain producing crops
Leafy vegetable crops
Root and Tuber crops

C3crop

-
-
" Frrage crops
&
-

C4 crop

Planting method

* Sowing
" Tranzplanting

Cropping periOd ...... mel 22 jl May jl 1979 | day 1 after sowing
To.. 18 October 1979 ... crop maturity

Length of growing cycle
150

from dap 1 afber sowing b0 Crop MabUity ... daps

X Cancel | Create |

Figure 2.6¢
Create crop file menu

= Create irrigation file

When creating an irrigation file, the type of file has first to be selected:
1. Net irrigation water requirement;

2. Irrigation schedule; or

3. Generation of irrigation schedule.

Subsequently the user specifies the required information:

1. the allowable depletion when determining the net irrigation requirement;

2. the time, application depth and the irrigation water quality of the successive irrigation
events; or

3. the irrigation water quality, and the time and depth criteria to generate irrigation
events.
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= Create soil profile file

When creating a soil profile file, the user has to specify only a few characteristics (Fig.
2.6d). With the help of this information AquaCrop generates the complete set of soil
profile parameters. The parameters are displayed and the values can be adjusted in the
Soil profile characteristics menu (see 2.13).

Create soil profile file j ;lEl_]_xj
File - [soL
Description :

I

Number of Soil horizons JEME -]

Soil type Thickness
Speciy SailType | 77
Select soil type
Click OR <<ENTER>: to select
Sail Type
zand
loamy zand
[™ Soil layer inhibiting root zo

zandy loam

loam

gilt loam

J ¥ Cancel l it

zandy clay loam

clay loam
silty clay loam

zandy clay

Figure 2.6d
Create soil profile file menu

= Create groundwater file

When creating a groundwater file, the type of file has first to be selected:

1. Constant depth and water quality; or

2. Variable depth or water quality.

Subsequently the user specifies the depth and quality of the groundwater table for various
moments (if variable) in the season in the Groundwater characteristics menu (see 2.14)
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= Create project file

When creating a project file, the type of file has first to be selected (Fig. 2.18b):
1. Single simulation run;

2. Successive years (multiple runs); or

3. Crop rotation (multiple runs).

Subsequently the user specifies the climate file, crop(s) file, irrigation and field
management file, soil file, and selects the sowing or planting date(s), the simulation
period and the corresponding initial and off-season conditions (see 2.18.2 Selecting and
creating a project). The characteristics can be updated in the Project Characteristics
menu (see 2.18.3 Updating project characteristics).

= Create field data file

When creating a field data file, the user specifies the experimental determined green
canopy cover (CC), and/or the dry above-ground biomass (B), and/or the soil water
content (SWC) observed in the field at particular dates in the Field Data menu (see 2.19).
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2.7 To exit and close a menu

Commands to exit a menu are available in the control panel at the bottom of each menu
(Fig. 2.7). On exit, the window will be closed and the control is returned to the Main
menu. The exit mode is determined by the selected command. The following options to
exit a menu are generally available:

<Cancel> All changes made to the input displayed in the menu are disregarded when
returning to the Main menu;

<Return to Main menu> Before returning to the Main menu, the program checks if
data was changed or settings were altered in the menu. The changes will be saved if
the user confirms to save the changes;

<Save on disk> When data was not retrieved from an input file but consists of an
update of the default settings, the user can select this option to save the data on disk
before returning to the Main menu;

<Save as> When data was retrieved from an input file, the user can select this option
to save the data in a different file from which it was retrieved before returning to the
Main menu.

By clicking on the “X” symbol at the upper right corner of a menu, the window is closed
as well. This option is however not recommended since the exit mode cannot be
specified.

Retrieve data
from file

Display data in menu \

Menu

Main menu /

‘ Cancel I ‘ -> Malp menu' ‘ Save as'

changis

Save changes ?

e b

Save data

Figure 2.7
Options to exit and close a menu
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Menu reference

Hierarchical structure of the menus

Main Menu

Environment panel

=  Climate

» Display of climate characteristics

—p Create climate file

— Select temperature file
— Create temperature file
—» Select ETo file
— Create ETo file
— Select rain file
I » Create rain file
I Select CO2 file

» Select climate file

verb b

= Crop

v

_l Select/Create Climate file '_17 Path _» Set Path

— Display/Update Climate characteristics |y Climatic data

Select rain file
Display/Update Rainfall data
L-—> Plot rain data
Program settings: 10-day or Monthly rainfall
Select ETo file
Display/Update ETo data
L-—> Plot ETo data
Select temperature file
Display/Update Temperature data
L-—> Plot temperature data
Program settings: Temperature parameters
Select CO2 file

Display of crop characteristics

Crop I—| file name | |—> Create crop file

v

Select crop file

— Select/Create Crop file l

Path | Set Path

— Display/Update Crop characteristics |—» Crop characteristics

—» Estimate plant density
I Adjustment of Harvest Index
| » Calibration soil fertility/salinity stress
Generate start growing cycle L Program settings: Crop parameters
L Select criterion » Onset based on rainfall or air temp.

I—V Onset: next occurrences
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Environment panel (continued)

= Management

- irrigation management

d~ Irrigation l—| file name

Display of irrigation management

v

— Create irrigation file (net irrigation requir.)

—» Create irrigation file (irrigation schedule)
—» Create irrigation file (generation of schedule)

v

Select irrigation file

- Select/Create Irrigation file l Path I—> Set Path
L_{ Display/Update Irrigation management > Irrigation management

- field management

| » Display of field management
ﬁ— Field file name

» Select field management file

I
Select Field management file | Path

Set Path
l —>

Display/Update Field management » Field management

Program settings: Field parameters
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Environment panel (continued)

=Soil

———
I—
———

- soil profile

Display of soil profile

v

,—> Create soil file

Select soil file

v

Select/Create Soil file

| Path Set Path

Display/Update Soil characteristics

!

— Soil profile characteristics

—» List characteristics of soil types
—» Management soil type characteristics
Ly Program settings: Soil parameters

- groundwater
. » Display groundwater
B ~ —  Groundwater file name
—» Create groundwater file (Constant)
—» Create groundwater file (Variable)
» Select groundwater file

Select/Create Groundwater file

]—> Set Path

Display/Update Groundwater

rharactarictice

—» Groundwater characteristics
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Main menu

Simulation panel

Period

v

v

1 —

Initial conditions ||

file name

Select file Initial conditions

»
»

Display of simulation period

Simulation period

» Display of initial conditions

Select file with initial conditions

L_| Display/Update Initial conditions

—>

l Path | 5 Set Path

Initial conditions

\_> Program settings: Simulation run parameters

Off-season

file name

v

v

Select Off-season conditions

| Path

l — Set Path

Display/Update Off-season conditions

—» Off-season conditions

Run

»

|

Simulation run
— Numerical output
— Output files

Path | 5 Set Path

—» Irrigation events

— Display of program settings

—>» Evaluation of simulation results
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Main Menu

Project/Field data panel

Project

file name

&y

» Display of project characteristics
— Create project (single run)

— Create projects (multiple runs)
- successive years

— Create projects (multiple runs)
- crop rotation
Select crop file
Select irrigation file
Select field management file
Select soil profile file
Select groundwater file
Select file with initial conditions
Select file with off-season conditions

Path Set Path

» Select project file

Select/Create Project file

—p
l Path Set Path

v

—| Display/Update Project characteristics

— Project characteristics

— Display of climate characteristics
— Display of crop characteristics

— Select crop file

—» Display of irrigation management
— Select irrigation file

— Display of field management

—» Select field management file

—— Display of soil profile characteristics
— Select soil profile file

| Display groundwater characteristics
—» Select groundwater file

— Display of simulation period

— Display of initial conditions

—» Select file with initial conditions
— Display of off-season conditions
- Select file with off-season conditions
—» Program settings: Crop parameters
— Program settings: Field parameters
—» Program settings: Run-off parameters
| _» Program settings: Temperature parameters
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S'ES — Field data
el

file name

v

r Create f

v

- Select/Create Field data file

Display field data

ield data file

elect field data file

Display/Update Field data

—» Field data

]—> Set Path
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2.8 Climatic data

For each day of the simulation period, AquaCrop requires minimum and maximum air
temperature, reference evapotranspiration (ET,), rainfall and the mean annual
atmospheric CO, concentration. The climatic data are retrieved from files containing
daily, 10-daily or monthly data. The selected climatic data can be displayed in the
Display of climate characteristics menu and updated in the Climatic data menu (Fig.
2.8).

Womcen _iaix]

Dﬂmliﬂ!iﬂﬂ] Rarial | ETe ] Tempsztws | Atmospheaic CO2 mnc:mlra:iml

[y

Descriplion
[Tariz (Turisia} cimatic data

Fia
Fainkall [TunisTA0ZFLL * Doaily ranfal fom 7 Jan 197900 5 Map 2002
ETn TumeETa e i0dey date Tuni (Tunkial
{ Temperature TUMISTHE  mean merthly date far T [Tunisia]
‘ C02 Menelos 02 Diefaul atmaspheriz COT conceniration fom 1502 to 2053

X Caresl [ Main Ma | 6 avens
| % coo| Bsenn |

Figure 2.8
Climatic data menu

2.8.1 Minimum and maximum air temperature

Temperature data are used to calculate growing degree day, which determines crop
development and phenology (see 2.9.2), and also for making adjustment in biomass
production during damaging cold periods (see 2.9.8). In the absence of daily data, the
input may also consists of 10-day or monthly data and the program uses an interpolation
procedure to obtain daily temperature from the 10-day or monthly means.

The daily minimum air temperature (T,) and the daily maximum air temperature (Tx) are,
respectively the minimum and maximum air temperature observed during the 24-hour
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period, beginning at midnight. T,, and Ty for 10-day’s or months are the average of the
daily values.

2.8.2 Reference evapotranspiration (ETo)

The reference evapotranspiration, denoted as ETo, is used in AquaCrop as a measure of
evaporative demand of the atmosphere. It is the evapotranspiration rate from a reference
surface, not short of water. A large uniform grass (or alfalfa) field is considered
worldwide as the reference surface. The reference crop completely covers the soil, is kept
short, well watered and is actively growing under optimal agronomic conditions.

ETo can be derived from weather station data by means of the FAO Penman-Monteith
equation, and an ETo calculator is available for that purpose (Box 2.8). In the calculator,
the data from a weather station can be specified in a wide variety of units, meteorological
data can be imported, procedures are available to estimate missing climatic data and the
calculated ETo can be exported to AquaCrop.

Box 2.8.
The ETo Calculator (Land and water Digital Media Service N° 36, FAQO, 2009).

The ETo Calculator is public domain software, and an
installation disk (1.5 Mb) and a software copy of the
Reference Manual can be obtained from: ETo

Land and Water Development Division
FAOQO, Viale delle Terme di Caracalla
00100 Rome, Italy

e-mail: Land-and-Water @fao.org

Fax: (+39) 06 570 56275

web page: http://www.fao.org/nr/water/ETo.html

In the absence of daily data, the input may also consists of 10-day or monthly data and
the program uses an interpolation procedure to obtain daily ET, from the 10-day or
monthly means.

2.8.3 Rainfall

The rainfall is the amount of water collected in rain gauges installed on the field or
recorded at a nearby weather station. For rainfall, with its extremely heterogeneous
distribution over time, the use of long-term mean data is not recommended. In case no
daily rainfall data is available, 10-day and monthly data can be used as input.
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2.8.4 Mean annual atmospheric CO,

AquaCrop considers 369.47 parts per million by volume as the reference. It is the average
atmospheric CO2 concentration for the year 2000 measured at Mauna Loa Observatory in
Hawaii. Other CO2 concentrations will alter canopy expansion and crop water
productivity (Chapter 3). AquaCrop uses as default the data from the MaunalLoa.CO2
(stored in the SIMUL subdirectory) which contains the mean annual atmospheric CO2
concentration measured at Mauna Loa Observatory since 1958. For earlier years data
obtained from firn and ice samples close to the coast of Antarctica' are used, and for
future estimates an increase of 2.0 ppm is assumed (following Pieter Hans (NOAA) -
personal communication, December 2007). Other CO2 files, containing data from
alternative sources, can be selected in AquaCrop. When creating CO?2 files it is important
to respect the file structure (see 2.19.3).

2.8.5 Program settings

From the Climatic data menu the user has access to the program settings listed in Table
2.8. Distinction is made in program settings for 10-day or monthly rainfall, and for
Temperature parameters.

Table 2.8
Program settings for temperature parameters and for procedures when simulating
with 10-day or monthly rainfall data

Symbol | Program parameter Default
Temperature parameters
= Method to estimate growing degree days (see Chapter 3) Method 3
= Default minimum (T,) and maximum (Ty) air temperature T,=12°C
in the absence of a temperature file Ty =28 °C

10-day or monthly rainfall

Procedures to estimate effective rainfall, surface runoff and
soil evaporation when rainfall data consists of 10-day or
monthly totals (see Chapter 3)

= Effective rainfall: calculation procedure USDA-SCS
= Effective rainfall: percentage (fraction of rainfall) 70
=  Surface runoff: showers per 10-day 2
= Soil evaporation: root number 5

! David Etheridge et al. (1996), J. Geophys. Research vol. 101, 4115-4128
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2.9 Crop characteristics

The crop characteristics required by the program can be displayed in the Display of crop
characteristics menu and updated in the Crop characteristics menu (Fig 2.9a). The
number and type of crop parameters vary slightly with the crop types selected when
creating a new crop in AquaCrop (see 2.6.3). Distinction is made between

fruit/grain producing crops (with a yield formation period, starting at flowering,
during which the Harvest Index builds up);

leafy vegetable crops (where flowering information is not considered and the Harvest
Index builds up starting from germination);

root and tuber crops (with a yield formation period, starting at tuber formation or root
enlargement, during which the Harvest Index builds up);

forage crops (crops undergoing cutting more than once a year possibly causing some
of the crop characteristics to be altered after a cutting).

Crop characteristics ) i 1
Rezponge to shresses
Dezeription | Developmenll ET | F'roduu:lionl W’aterl Temperature | Salinil_l,ll Biomazs | Calendarl
Display crop parameters
¢ Limited set
Crop development and production parameters [mainly phenalogy and life cycle length)
& Full set
Al crop parameters
File description | Type of edit fiekds (cells) |
File Hame : IDEFAULT.CF!EI f N\/ N
Crop Type : Fruit/Grain producing crop F 4 "\"/ ) | f f \
4 \
f \ f N\
~AY MNA
YA A
Description
Ia generic crop
| x Cancel | ﬁ Program settings | = Main Menu | E Save as |

Figure 2.9a
First page of the Crop characteristics menu
showing the two options for the display mode
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The crop characteristics are grouped in 9 different folders (tab sheets):

Description

File description
Type of edit fields (cells)
Protected file (if applicable)

— Development

Initial canopy cover
Canopy development
Flowering and yield formation

- Root deepening

- Temperatures
- ET

- Coefficients

- Water extraction pattern
— Production

Crop water productivity
Harvest Index

— Water stress

Canopy expansion
Stomatal closure
Early canopy senescence
Aeration stress
Harvest Index
o Before flowering
o During flowering
o During yield formation
o Overview

— Temperature stress

Biomass production
Pollination

— Salinity stress

— Biomass - stress

Canopy

Water productivity
Transpiration

Biomass

Biomass — stress relationship
Ks curves

Crop parameters

7 Folders (tab sheets)
displaying crop characteristics

— Calendar
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2.9.1 Description

= Display modes of crop parameters
Two types of display mode of crop parameters can be selected (Fig. 2.9a):
- Limited set: Crop parameters describing mainly phenology and life cycle length are
displayed. They are

Planting

Type of planting method (direct sowing or transplanting)

Canopy size of the transplanted seedling (method of planting: transplanting)

Phenology (cultivar specific)

Time to flowering or the start of yield formation

Length of the flowering stage

Time to start of canopy senescence

Time to maturity (i.e. the length of crop cycle)

Time to reach full canopy (only if crop cycle is expressed in calendar days)

Management dependent

Plant density

Time to emergence

Maximum canopy cover (depends on plant density and cultivar)

Soil dependent

Maximum rooting depth

Time to reach maximum rooting depth

Soil and management dependent |
Response to soil fertility and/or soil salinity stress
These parameters might require an adjustment when selecting a cultivar different
from the one considered for crop calibration, or when the environmental conditions
differ from the conditions assumed at calibration or when the planting method is
altered. The displayed parameters are cultivar specific or might be affected by the
field management, conditions in the soil profile, or the climate (especially when
simulating in calendar day mode).

- Full set: All crop parameters are displayed (Table 2.9a).

=  Type of edit fields (cells)

Crop parameters are displayed in edit-fields (cells). The color of the edit fields varies
depending on the type of parameters. The conservative parameters (displayed in silver
cells) are crop specific but do not change materially with time, management practices,
geographic location or climate. They are also assumed not to change with cultivars unless
shown otherwise. They were calibrated with data of the crop grown under favorable and
non-limiting conditions but remain applicable for stress conditions via their modulation
by stress response functions. The other parameters (displayed in white cells) are cultivar
specific or less conservative and affected by the climate, field management or conditions
in the soil profile. The crop parameters are listed in Table 2.9a.

=  Protected files

Crop files which come with the AquaCrop software contain crop parameters that are
calibrated and validated by FAO. Although the user can alter the crop parameters in the
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Crop characteristics menu, the adjustments cannot be saved in the protected file. Select
the <Save as> command to save the updated crop parameters in a new crop file.

Table 2.9a.
List of the crop parameters and their type

1. Crop Phenology

Symbol | Description

Type D, @), 3, @

1.1 Threshold air temperatures for growing degree days

Tbase

Base temperature (°C)

Conservative "

Tupper

Upper temperature (°C)

Conservative

1.2 Development of green canopy cover

CCo Canopy size of the average seedling at 90% emergence, Conservative @
or canopy size of the transplanted seedling (cm?) Management
Number of plants per hectare Management
Time from sowing to emergence (days or GD days) Management ©
or recovery time (for transplanted seedlings)

CGC Canopy growth coefficient (fraction per day or per growing | Conservative "
degree day)

CCy Maximum canopy cover (fraction soil cover) Management *’
Time from sowing to start senescence (days or GD days) Cultivar ¥

CDC Canopy decline coefficient (fraction per day or per Conservative

growing degree day)

Time from sowing to maturity, i.e. length of crop cycle Cultivar @
(days or GD days)

1.3 Flowering or start of yield formation
Time from sowing to flowering or to the start of yield Cultivar @
formation (days or GD days)
Length of the flowering stage (days or GD days) Cultivar @

Crop determinacy linked/unlinked with flowering

Conservative "

1.4 Development of root zone

Zy

Minimum effective rooting depth (m)

Management

Zx

Maximum effective rooting depth (m)

Management ©)

Shape factor describing root zone expansion

Conservative

(1) Conservative generally applicable

(2) Conservative for a given specie but can or may be cultivar specific
(3) Dependent on environment and/or management

(4) Cultivar specific
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Table 2.9a. continued.

2. Crop transpiration

Symbol | Description

Type M, @), 3, @

Kerx Crop coefficient when canopy is complete but prior to
senescence

Conservative

100 f,ee | Decline of crop coefficient (% of CCy per day) as a result
of ageing, nitrogen deficiency, etc.

Conservative

S top Maximum root water extraction (m3 m> day'l) in top Conservative
quarter of root zone
Sx.bot Maximum root water extraction (m3 m> day'l) in bottom Conservative

quarter of root zone

Effect of canopy cover in reducing soil evaporation in late
season stage (% reduction in soil evaporation)

Conservative "

3. Biomass production and yield formation

3.1 Crop water productivity

Wp* Water productivity normalized for ETo and CO, (gram/m°)

Conservative

fyield Reduction coefficient describing the effect of the products | Conservative "
synthesized during yield formation on the normalized
water productivity
Crop performance under elevated atmospheric CO, | Management "
concentration (%) Cultivar ¥
3.2 Harvest Index
HI, Reference harvest index (%) Cultivar ¥

Excess of potential fruits (%)

Conservative ©

Possible increase (%) of HI due to water stress before
flowering

Conservative

Coefficient describing positive impact of restricted
vegetative growth during yield formation on HI

Conservative "

Coefficient describing negative impact of stomatal closure
during yield formation on HI

Conservative "

Allowable maximum increase (%) of specified HI

Conservative "

(1) Conservative generally applicable

(2) Conservative for a given specie but can or may be cultivar specific
(3) Dependent on environment and/or management

(4) Cultivar specific
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Table 2.9a.

continued.

4. Stresses

M, ), 3), @

Symbol | Description \ Type

4.1 Soil water stresses

Pexp.lower | So0il water depletion threshold for canopy expansion - Upper | Conservative W
threshold

Pexpupper | S0il water depletion threshold for canopy expansion - Lower | Conservative W
threshold
Shape factor for Water stress coefficient for canopy Conservative "
expansion

Psto Soil water depletion threshold for stomatal control — Upper Conservative "
threshold
Shape factor for Water stress coefficient for stomatal control | Conservative "

Psen Soil water depletion threshold for canopy senescence — Conservative "
Upper threshold
Shape factor for Water stress coefficient for canopy Conservative "
senescence
Sum(ETo) during stress period to be exceeded before Conservative "
senescence is triggered

Ppol Soil water depletion threshold for failure of pollination — Conservative "
Upper threshold
Vol% at anaerobiotic point (with reference to saturation) Cultivar @

Environment

4.2 Soil fertility/salinity stress

Stress at calibration (%)

(calibration)

Shape factor for the stress coefficient for canopy expansion

Management ©)

Shape factor for the stress coefficient for Maximum Canopy
Cover

Management

Shape factor for the stress coefficient for Crop Water
Productivity

Management

Shape factor for the response of Decline of Canopy Cover to | Management
stress
Shape factor for the stress coefficient for stomatal closure Management
4.3 Air temperature stress
Minimum air temperature below which pollination starts to Conservative "
fail (cold stress) (°C)
Maximum air temperature above which pollination starts to | Conservative "
fail (heat stress) (°C)
Minimum growing degrees required for full biomass Conservative
production (°C - day)
(1) Conservative generally applicable
(2) Conservative for a given specie but can or may be cultivar specific
(3) Dependent on environment and/or management
(4) Cultivar specific
Reference Manual, Chapter 2 — AquaCrop, Version 4.0 June 2012 2-29




Table 2.9a. continued.

Symbol | Description \ Type > ®

4.4 Soil salinity stress

ECe, Electrical conductivity of the saturated soil-paste extract: Conservative
lower threshold (at which soil salinity stress starts to occur)

ECey Electrical conductivity of the saturated soil-paste extract: Conservative "

upper threshold (at which soil salinity stress has reached its
maximum effect)

Shape factor for Soil salinity stress coefficient Conservative

(1) Conservative generally applicable

(2) Conservative for a given specie but can or may be cultivar specific
(3) Dependent on environment and/or management

(4) Cultivar specific
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2.9.2 Development

In figure 2.9b1 the crop development for non-limiting conditions is plotted for fruit/grain
producing crops. Instead of LAI, AquaCrop uses green canopy cover (CC) which is the
fraction of soil surface covered by the green canopy. Crop development can be specified
in growing degree days (GDD) or calendar days. Crop development parameters are
grouped in 5 folders:

- Initial canopy cover (initial canopy cover at 90% emergence);

- Canopy development (canopy expansion and decline);

- Flowering and Yield formation (or Root/Tuber formation);

- Root deepening;

- Temperatures (required for the calculation of growing degree days).

|
| :\
| |
| | A
I green I N
| \
sowing } canopy | .
transplanting : cover \ Y
start CC=10% | | ti
|
crop cycle | ! ! , ime
| | | |
emergence maximum flowering senescence end
: canopy duration of | crop
recovered cover fﬁéfrng : cycle
transplant : : | maturity
duration | ‘ :
| ! duration of yield formation
| |
: : building up Harvest Index :
| | !
| | :
| |
a >« >« ‘
initial : de \f;r:)o‘r’r!\,ent : mid - season stage selizn
stage ! stage ‘ "stage
| |
maximum effective
rooting depth
,,,,,,, ‘
[
[
[
[
[
minimum effective :
rooting depth |

Figure 2.9b1
Schematic representation of crop development for fruit/grain producing crops
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= Initial canopy cover

The initial canopy cover (CC,) is required to describe canopy expansion (Chapter 3 —
Section 3.3.2 Canopy development). It is the product of plant density (number of plants
per hectare) and the canopy size of the seedling (cc,).

Type of planting method
Direct sowing: CCo refers to the initial canopy cover at 90% emergence and is
obtained by multiplying plant density by the canopy size of the average seedling at
90% emergence (cc,);

- Transplanting: CCo refers to the initial canopy cover after transplanting and is
obtained by multiplying plant density by the canopy size of the transplanted seedling
(cco).

Since the canopy size of the transplanted seedling is likely to be larger than the canopy

size of the germinating seedling, the user will have to confirm or adjust the proposed

default size, when altering the method of planting (Fig. 2.9b2).

Canopy size transplanted seedli - |EI|1|

Given canopy size seedling.................... 6.50 cmZ/plant

Confirm or adjust

Canopy size

tranzplanted zeedling.-.- l 15.00 @ cm2/plant
ok

Figure 2.9b2
Confirming the canopy size of the transplanted seedling when altering the planting
method from direct sowing to transplanting in the Canopy size seedling menu

Specifying the initial canopy cover (CC,)

CC, can be specified by:
specifying the plant density in the Crop characteristics menu,

- specifying the sowing rate or plant spacing. This option becomes available by
clicking on the <estimate> command in the Crop characteristics menu. The plant
density in the Estimate plant density menu is calculated from the specified sowing
rate and approximate germination rate, or from the specified row and plant spacing
(Fig. 2.9b3);

- selecting one of the classes ranging from very small to very high cover (Tab. 2.9b1);

- specifying directly the percentage in the Crop characteristic menu, which might be
required for transplanted seedlings.
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Estimate plant density ] 4

Plant density ——

185 000 plants/ha
18.5 plants/m2

* Sowing rate

I 1233 ko seed/ha
1000 seed mass I 5000 g
germination rate I 75 x

= Row planting

0% Spacing IW m
plantspacingl 010 m

Canopy size seeding: 650 cm2

Initial canopy cover :  1.20 %

:

0K

Figure 2.9b3
Estimation of plant density from sowing rate or plant density
in the Estimate plant density menu

Table 2.9b1

Classes, corresponding default values, and ranges for the initial canopy cover (CC,)
Class Default value Range
Very small cover 0.10 % 0.10 ... 0.12 %
Small canopy cover 0.20 % 0.13 ... 0.30 %
Good canopy cover 0.40 % 0.31 ... 0.50 %
High canopy cover 0.70 % 0.51 ... 0.70 %
Very high cover (mostly for transplants) 1.50 % 0.71 ... 10.00 %
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= Canopy development

Canopy expansion for no stress condition is described by two equations (see Chapter 3 —
section 3.3.2 Canopy development) requiring information on (i) initial canopy cover
(CC,), (i1)) maximum canopy cover (CCy) for that plant density under optimal conditions,
and (iii) canopy growth coefficient (CGC). Once senescence starts, CC declines. To
simulate the canopy decline the starting time of senescence and a canopy decline
coefficient (CDC) are required. The crop parameters governing canopy expansion and
decline are displayed in the canopy development sheet of the Crop characteristics menu
(Fig. 2.9b4).

Crop characteristics N - O]
Ead

Fesponze to stresses

Description  Development | E:T: I Productionl W’atell Temperaturel Salinit_l,ll Biomass I Calendar |

Crop development (no water, fertility or salinity stress)

Initial canopy cover  Canopy developrent | Flawering and Yield Formation | Root deepening I Temperatures I
Canopy eXpansion Ifast expansion j CECI 18.0 Z/day
FrEKIMUMT CANORY Cover Iwell covered jl a0 ?I i

[:[)[:l 128 E Zlday

100% [ e e B S A

canopy decline Irnc-derate decling ﬂ I 20 g days

45 B0 ] .
1
B e Growing cycle (days) ........... 125
FoWiNg maturiby

From day 1 after sowing to: days
emergence I 5 il
max canopy I a0 5_
senescence I 110 E‘
maturity ITE

%SL Program settings | = Main Menu | E Save &z |

Figure 2.9b4
Specification of canopy development in the Crop characteristics menu
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Time to emergence: It is the time required from sowing to reach 90% emergence.
Because field preparation, soil temperature and water content vary with each case, the
time to emergence is user specific.

Canopy Growth Coefficient (CGC) and the corresponding time to reach maximum

canopy: CGC is a conservative crop parameter. AquaCrop provides alternative

procedures to specify CGC or the corresponding time required to reach CCy:

- If the red arrow is downwards (Fig. 2.9b4) the time to reach maximum canopy cover
is derived from the specified canopy growth coefficient;

- If the red arrow is upwards the canopy growth coefficient is derived from the
specified time to reach maximum canopy cover;

- The canopy growth coefficient can also be specified by selecting one of the classes
ranging from very slow to very fast expansion (Tab. 2.9b2).

Table 2.9b2
Classes, corresponding default values, and ranges for the Canopy Growth
Coefficient (CGC) for no stress conditions

Class Default value Range

Very slow expansion 3 %/day 2.0 ... 4.0 %/day
Slow expansion 6 %/day 4.1 ... 8.0 %/day
Moderate expansion 10 %/day 8.1 ... 12.0 %/day
Fast expansion 15 %/day 12.1 ... 16.0 %/day
Very fast expansion 18 %/day 16.1 ...40.0 %/day

Maximum canopy cover (CC,): Maximum canopy cover is dependent on plant density,
CC per seedling at 90% emergence, and CGC. The user selects one of the classes which
range from ‘thinly covered’ to ‘entirely covered’ (Tab. 2.9b3). AquaCrop displays the
corresponding ground cover at maximum canopy. CCy can also be specified by entering
directly the percentage.

Table 2.9b3
Classes, corresponding default values, and ranges for the expected maximum
canopy cover (CCy) for no stress conditions

Class Default value Range

Very thinly covered 40 % 11 ... 64 %
Fairly covered 70 % 65 ... 719 %
Well covered 90 % 80 ... 839 %
Almost entirely covered 95 % 9 ... 98 %
Entirely covered 99 % 99 ... 100 %
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Senescence starting time: The time at which canopy senescence starts for optimal
conditions. The senescence starting time depends on phenology and is cultivar specific.

Canopy Decline Coefficient (CDC): By selecting one of the classes for canopy decline
ranging from very slow to very fast decline (Tab. 2.9b4), the canopy decline coefficient
(CDC) is derived from the number of days required to achieve full senescence. The
canopy decline coefficient can also be specified directly. The canopy decline coefficient
is assumed to be conservative.

Table 2.9b4
Classes, corresponding default values, and ranges for canopy decline expressed in
days to achieve full senescence

Class Default value Range

Very slow decline 5 weeks more than 31 days
Slow decline 4 weeks 25 ... 31 days
Moderate decline 3 weeks 18 ... 24 days
Fast decline 2 weeks 13 ... 17 days
Very fast decline 10 days less than 13 days

Time to maturity: The user specifies the time at which maturity is reached. Although the
crop can be harvested later it is assumed that the crop production no longer changes.
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= Flowering and yield formation (fruit/grain producing crops)

The crop parameters to be specified are (i) the time of start of flowering, (ii) duration of
flowering, (iii) the time required to build up the Harvest Index (HI), and (iv) if
determinancy linked with flowering (Fig. 2.9b5). These parameters are mainly cultivar
specific.

Crop characteristics o =]

Response to stresses

Description  Development | ET: I Productionl Waterl Temperaturel Salinit_l,JI Biomazs I Calendarl
Crop development (no water, ferility or salinity stress)
Iniitial canopy cover | Canopy development  Flowering and ield Formation | Fioot deepening I Temperatures I

Yield formation [ days

Length building up HI E | I 50 3:
Duration of flowering IT =

Leb]

OWINg maturity
From day 1 after sowing to: days
Howering I 70 il
maturity

potential z z : =
vegetative [¥ Determinancy linked with flowering
arowith

a& Program settings | = Main Menu | E Save ag |

Figure 2.9b5
Specification of flowering and time required to build up the Harvest Index for
fruit/grain producing crops in the Crop characteristic menu for a crop where
determinancy is linked with flowering

| xtancel

If the <Determinancy linked with flowering> check button is checked (Fig. 2.9b5), the
crop is determinant, and the canopy cover is assumed to have the potential growth (if CC
< CCy) up to peak flowering (set at half of the duration of flowering) but not thereafter. If
due to the selection of the time of flowering, CCy can not be reached at peak flowering,
AquaCrop adjust in the Crop characteristics menu the duration of flowering until the
conditions can be fulfilled.
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If the determinancy button is not checked (Fig. 2.9b6) the canopy development can

stretch till canopy senescence. The corresponding period for potential vegetative growth
is displayed.

Crop characteristics ' o ] 4
Response to stresses
Description  Development I ET | Production I W aber I Temperature I S alinity I Biomass I Calendar I

Crop development (no water, ferlility or salinity stress)

Initial canopy cover I Canopy development Flowering and *figld Formation I Fioot deepening | Temperatures I

Length building up H1 1 05 3
Duration of Aowering I 5 ﬂ

20Wing

From day 1 after sowing to: days
flowering I Ed il
maturity

pakential _ ¥ - -
venetative " Determinancy linked with flowering
growth

a Program settings | Frotected file E Save as |

Figure 2.9b6
Specification of flowering and time required to build up the Harvest Index for
fruit/grain producing crops in the Crop characteristic menu for a crop where
determinancy is not linked with flowering, such as cotton.

The time required for the Harvest Index (HI) to increase from O (at flowering) to its
reference values (HI,) under optimal conditions is the duration for building up HI. The
Harvest Index should be able to reach its reference value at or shortly before maturity.
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= Root/Tuber formation (root/tuber crops)

The crop parameters to be specified are (i) the start of tuber formation or root
enlargement, and (ii) the time required to build up the Harvest Index (HI) (Fig. 2.9b7).
These parameters are mainly cultivar specific.

Crop characteristics f O] x|

Rezponse to shresses

Description  Development | Ed) I Produclionl W ater | Temperature I Salinil_l,JI Biomassl Calendar I
Crop development (no water, ferlility or salinity stress)

Initial canopy coverl Canopy development  Root/Tuber formation |H00t deepeningl Temperatures |

Yield formation days

transplanting maturity

From day 1 after transplanting to: days
start pield 47 EE
formation I EI
maturity

potential

wegetative
grovith 1] - — ———— === === ——~-|

a& Program settings | = Main Menu | B Save ag |

Figure 2.9b7
Specification of the start of yield formation and the time required to build up the
Harvest Index for root/tuber crops in the Crop characteristic menu

Cancel |

Root/Tuber crops are assumed to be indeterminant. Hence the canopy development can
stretch till canopy senescence. The corresponding period for potential vegetative growth
is displayed in the menu.

The time required for the Harvest Index (HI) to increase from O (at the start of tuber
formation or root enlargement) to its reference values (HI,) under optimal conditions is
the duration for building up HI. The Harvest Index should be able to reach its reference
value at or shortly before maturity.
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= Root deepening

The crop parameters to be specified are (i) the maximum effective rooting depth and (ii)
the time reached, (iii) the minimum effective rooting depth and (iv) a shape factor for the
rooting depth (Z) time curve (Fig. 2.9b8). These parameters are user specific as root
development is strongly impacted by local soil conditions and the life cycle length of the
crop.

Crop characteristics 1 o ] 4|
—— Fesponse o streszes T

Description  Development | e I Productionl o ater | Temperature | Salinit_l,.ll Biomassl Ealendarl
Crop development (no water, ferlility or salinity stress)

Initial canopy CD'\-’EI' Canopy developrent | Fioot/Tuber formation  Fioot deepening | Temperatures |

mazimum effective rooting depth I 1550 5 meter

Imedium - deep rooted j

Awerage root Zone expansion

A% -b--------- - - oo - - SR ITE cm/day

0%~ === === = = = -~ =~ — - - - - — U Cloze

45 B0 i
Growing cycle [daps]

(A0 M e PO PP Zi[mirimurn] |
Z

0.80m — 2 Shape factor |
e SO e . . . . . e
1.60m
From day 1 after kransplanting to: | days
LR LG = [ 100 j—
| x Cancel | %\q Program settings | = Main Menu | E Save as |

Figure 2.9b8
Specification of root deepening in the Crop characteristic menu
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The minimum effective rooting depth refers to the depth from which the germinating
seedling can extract water. For simulation purposes a depth of 0.20 to 0.30 m is generally
considered.

The maximum effective rooting depth can be specified by selecting one of the classes
which range from ‘shallow rooted crops’ to ‘very deep-rooted crops’ (Tab. 2.9b5). The
shallow rooted crops category is only applicable to rice and crops with very short life
cycle such as radish. AquaCrop displays the corresponding maximum effective rooting
depth. The rooting depth can also be specified by entering directly the numeric value in
meter. As a general rough guide for field crops in general, the roots deepening rate is
about 2 cm per day when the environment is optimal for growth, the soil is not cold and
soil layers that limits growth are absent.

Table 2.9b5
Classes, corresponding default values, and ranges for maximum effective rooting
depth of the fully developed crop under optimal conditions

Class Default value Range

Shallow rooted crops 0.35m 0.10 ... 0.39
Shallow — medium rooted 0.60 m 0.40 ... 0.99
Medium — deep rooted 1.00 m 1.00 ... 1.99
Deep rooted crops 1.35m 2.00 ... 2.99
Very deep rooted crops (perennial) 2.00 m 3.00 ... 10.0

By varying the shape factor of the Z versus time curve, the expansion rate of the root
zone can be altered between planting and the time when the maximum rooting depth is
reached.
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The effective rooting depth might not reach its maximum value if an impermeable soil
layer blocks root development or when the exploitable soil depth is smaller than the
maximum rooting depth. The root deepening rate is described by the shape factor, but
once the effective rooting depth reaches the restrictive soil layer, the expansion is halted
(Fig. 2.9b9).

Crop characteristics ) - |0O) %
Eadl

Fesponse to stresses

Diescription  Development | E: I Productionl W ater | Temperature | Salinit_l,.ll Biomassl Calendar I
Crop development (no water, ferlility or salinity stress)

Initial canopy cover | Canopy developrment | Flawering and ield Formation oot deepening | Temperatures I

Imedium - deep rooted j

maszimum effective rooting depth I 1.00 5 meter

A0% -p--------- - - - - o Expanzion |—

45 50 75

1 1
Grovang cycle [days)

025 - — O e OO Zifrmivirnurn] |
Z
ILB0 m - e e Shape factor |

7B oo m e R S S S S

1.00m
From day 1 after sowing to: days
max dle pth | ] [ 100 2}

aﬂ Program settings | = Main Menu | E Save as |

Figure 2.9b9
Effect of a restrictive soil layer on root development
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=  Temperatures for growing degree days (GDD)
Crop development can be specified in calendar days or growing degree days (GDD). For
the purpose of GDD calculations a base temperature (below which crop development
does not progress) and an upper temperature (above which the crop development no
longer increases) are required (see Chapter 3 — section 3.2 Growing degree days). These
temperatures are conservative for a given specie but may be cultivar specific for lines
bred in drastically different environments. The base and upper temperatures are specified
in the Temperatures folder (Fig.2.9b10).

Crop characteristics
Response to stresses
Description Development | E:R: I Productionl W'aterl Temperaturel S alinity | Biomassl Calendar |
Crop development (no water, ferlility or salinily stress)
Initial canopy coverl Canopy development I Floveening and vield Formation I R oot deepening Temperatures |

Thresholds temperatures [crop development] —

# Base lemperature I 55 i i

=101 x|

#® Upper temperature|3U.U i b

GDD ; ]
1B 00— SRR R F 1 - - - - === - - - - - - - -l Rk T (B - - - - -1
. Il
1 January 2000 tirne 31 December 2007

Crop development

in  Calendar days

g
| x Cancel | a& Program settings | = Main Menu | E Save ag |

Specification of the base and upper temperature threshold in the Crop

Figure 2.9b10

characteristics menu
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2.9.3 Evapotranspiration

= Coefficients
The soil water evaporation coefficient (Ke) and the crop transpiration coefficient (Kcry)

are plotted from sowing to maturity (Fig. 2.9c1).

Crop characteristics i o = |

Response to stresses

Diescription I Development  ET | Fraduction I W ater I Termperature I S alinity | Biomasz I Calendar |
Evapotranspiration (no water, ferility or salinity stress)
Coefficients | ‘water extraction patterm I
Soil evaporation _— Green Canopy Cover
wet zoil surface [Ke |

Effect of canopy shelter
= Kex % [1 - Ground Cower] [EE e IT@ >

I
Mulches: __.__. 0z
[M anagement pararneter]

0

rop transpiration
well watered crop _

=Kc Trx ¥ Qreen Canopy Cover

Reduction with age
| 110 |5 || 0150 EI: %/day

Ke I Close |

and 1 = R e
10 -
KCT, 08 -
0E -
i =
0.2 -G
I 1
B Growing cycle {(days) ............ 125
owing matrity
| x Cahcel | 3& Program settings | = Main Menu | El Save az |
Figure 2.9¢c1

Response of the soil evaporation (Ke) and the crop transpiration (Kcr,) coefficients
to canopy development and decline during the growing cycle for non limiting
conditions

Evaporation from a fully wet soil surface is inversely proportional to the effective canopy
cover. The proportional factor is the soil evaporation coefficient for fully wet and
unshaded soil surface (Kex) which is a program parameter (see 2.9.11 Program settings)
with a default value of 1.1. When canopy cover declines (senesces) late in the season as
dictated by phenology, or as induced by water, nutrient or salinity stress, soil evaporation
remains somewhat reduced by the sheltering effect of the yellow or dead canopy cover.

The effect of canopy shelter is parameterized based on whether the senescening canopy
retains more or less of its dead leaves.
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Crop transpiration from a well water soil is proportional to the effective canopy cover.
The proportional factor is the coefficient for maximum transpiration (Kct.y). It is the
crop coefficient when canopy cover is complete (CC = 1) and without stresses. Kcrx is
conservative and approximately equivalent to the basal crop coefficient at mid-season of
FAO Irrigation and Drainage Paper 56 but only for cases of full CC. After the time
required to reach the maximum canopy cover (CCy) under optimal conditions and before
senescence, the canopy ages slowly and undergoes a progressive though small reduction
in transpiration and photosynthetic capacity. This is simulated by reducing Kcr.x by a
constant and very slight fraction per day (Fig. 2.9c1).

Crop characteristics i o ] 4]
P Response to stresses )

Diescription | Development  ET | Production I W ater I Temperature I S alitity I Biomaszs I Calendar I

Evapotranspiration (no water, ferlility or salinity stress)

Coefficients W ater extraction pattern l

Watear extraction pattern

“water extraction pattern
throughout the effective root zone

0.00m

i

=

2
|

upper 1/4
zecond 1.4
third 1/4
bottom 1/4

0.25 m
050 m
075 m

w
=
o2

ra
=
b3

5
=
3

1.00m

over effective oot zone [ 1.00 m]

1 Maximum root extraction | 15.0 mm/day

maximum root extraction term
Sx(top 1/4) | 0.0240 m3/m3.day

Sw [battorn 1441 | 0.0060 m3/m3.day

Claze |
I x Cancel | ﬁ Program settings | = Main Menu | E Save ag |

Figure 2.9c2
Derived maximum extraction terms (Sy) at the top and bottom of the root zone after
the specification of the water extraction pattern and the maximum root extraction

= Water extraction pattern
The root water extraction from the soil profile is governed by the actual soil water

content and the maximum amount of water (Sy) that can be extracted by the roots per unit
of bulk volume of soil, per unit of time (m® water per m” soil per day). Sy at the top of the
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soil profile is generally different from Sy at the bottom of the root zone. By specifying the
maximum root extraction of a well developed crop (a default value of 15 mm/day for root
zones deeper than 0.5 m is considered), and the water extraction pattern throughout the

root zone, Sy values are derived in AquaCrop for different depths in the root zone (Fig.
2.9¢c2).

If a soil layer blocks the root zone expansion, the maximum root extraction term at the
bottom of the root zone increases when the roots continue to develop. This simulates the
concentration of roots above the restrictive soil layer. When a restrictive layer in the soil
profile is present, the adjustment of the extraction terms can be displayed in AquaCrop
(Fig. 2.9¢3).

Crop characteristics ) - 0] x|
[iT— FResponse to stresses F——|

Dezcription | Development  ET | Froduction | Wiater I Termperature | Salinity I Biomazs I Calendar |
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Coefficients  whater extraction pattern |

Water exiraction pattern

“Water extraction pattem
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Cloze
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| x Cancel | $ Program settings | §= Main Menu | E Save as |

Figure 2.9¢3
Adjustment of the water extraction pattern
in the presence of a restrictive soil layer blocking root zone expansion
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2.9.4 Production

= Crop water productivity normalized for climate and CO, (WP%)

To simulate biomass and yield, the water productivity normalized for climate and air CO,
concentration (WP*) is required. WP* is a conservative parameter. For use with crop
species without calibrated WP*, general ranges are provided by AquaCrop for C3 and C4
species. If the harvestable organ is rich in oil and/or proteins, WP* after the beginning of
flowering must be reduced over the yield formation period, by multiplying it by an
adjustment factor entered by the user (Fig. 2.9d1).

Crop characteristics — O]
e

Response to streszes

Dezcription I Development I ET Praduction | W ater I Temperature I S alinity | Biomasz I Calendar |

Crop production (no water, ferlility or salinity stress)
Crop ' ater Productivity I Harvest [ndex |

— Crop Water Productivity - normalized for climate and [COZ2]
— Adjustment for pield formation
WP = I 17.0 : g/m2 WP (pield formation] = 11.9 g/m2

0170 ton/ha L|| 70 Ejz of WP= Clase |

Indicative ranges :
C4 crops 30 - 35 gém2
Clerops [ 1 15-20g/m2

Ferformance under elevated [CD2]|

Display —I:(: Relationzhip Tranzpiration - Biomass
™ Relationship WP - Atmospheric CO2 concentration

Biomass | 54 e
: 1]
E 4 C3 crops
“ 1 yield farmation ] == --=---=---=------+
SumiTr/ETo)
| x Cancel | ﬁ Program sethings | = Main Menu | E Save az |

Figure 2.9d1
The water productivity normalized for climate and atmospheric CO; and its
adjustment if the harvestable organs are rich in oil and/or proteins
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= Performance under elevated atmospheric CO, concentration

WP is adjusted when running a simulation with an atmospheric CO, concentration
different from the reference value (i.e. 369.41 ppm measured at Mauna Loa, Hawaii at
the year 2000). The adjustment is obtained by multiplying WP* with a correction
coefficient as discussed in Chapter 3 (Section 3.11 Above ground biomass). The
theoretical adjustment might not be entirely valid when (i) soil fertility is not properly
adjusted to the higher productivity under elevated CO, concentration, and/or (ii) the sink
capacity of the current crop variety is yet not able to take care of the elevated CO,
concentration. The performance of the crop under elevated atmospheric CO,
concentration can be adjusted by the user by altering its sink strength in accordance with
the expected soil fertility management and the cultivar (Fig. 2.9d2).

Crop characteristics A ;IQIEI

Response to stresses

Description I Developrent I Ef: Praduction | Water I Termperature I S alinity I Biomaszs I Calendar |

Crop production (no water, ferlility or salinity siress)

Crop W ater Productivity | Harvest Index |

— Crop Water Productivity - normalized for climate and [COZ2]
— Adjustment for yield formation
WP = I 17.0 : g/m2 WP (vield formation] = 11.9 g/m2

0,170 ten/ha LW'E % of WP* Close |

Indicative ranges : — Performance under elevated [CD2] —
Cdcrops [Coooo

30- 35 g/m2 _
Cdcrops [ 15- 20 g/m2 Sink stiength | 50 | 3] % Clase |

Dizplay —[("’ Fielationzhip Tranzpiration - Biomass
{+ Relationship WP - Atmospheric 02 concentration

Adjustment of WP* for [CO2Z2] ——

—————— thearetical adjustment R
m acjustment with conzsideration of
- clop type e
- B0 E gink strength Rt 25.0 g/ma
Cloze =
21.0 g/m2
17.0 g/m2
T T T T T 13.0 g/mz
300 350 400 450 500 BE0 £00 ppm
coz2
L reference [369.41 ppm)
| x Cancel | a& Program settings | = Main Menu | E Save as |

Figure 2.9d2
The water productivity adjusted to atmospheric CO, concentration
by considering crop type and crop sink strength
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= Reference Harvest Index (HI,)

The reference Harvest Index (HIL,) is the representative HI reported in the literature for
the chosen crop species under non-stress conditions. HI, is conservative to a fair extent

but can be cultivar specific.

Fruit or grain producing crops

Beginning at the start of flowering HI increases linearly after a lag phase until
physiological maturity is reached (Fig. 2.9d3). The value reached at maturity under non-

stress conditions is taken as HI, for that species.

Crop characteristics

Response to stresses

=101 x]

Description I Developrent I EF: Praduction | Wiater I Temperature I S alinity | Biomazz I Calendar |

Crop production (no water, ferlility or salinity siress)

Crop 'water Productivity Harvest Index |

Hio= [ 50 2]x

’* Reference Harvest Index

Hi

0%
shark floveering

Yield formation
Lag phase —

time

maturity

Length building up HI |

Duration of llowering

100 %

CcC

80 %

B0 %
40 %
20 %
0%

- B8 days ta maturity

| x Cahcel | a& Program settings = Main Menu

H save as |

Figure 2.9d3

Specification of the reference harvest index (HI,)
and the display of the building up of the Harvest Index from flowering to
physiological maturity for a fruit or grain producing crop
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Root and tubers

Beginning at tuber formation or root enlargement HI increases until physiological
maturity (Fig. 2.9d4). The building up of the Harvest Index is described by a logistic
function. The value reached at maturity under non-stress conditions is taken as HI, for
that species.

Crop characteristics ] i ] [
Flesponse to stresses
Description I Development I ET Production | W ater I Temperature I S alinity I Biomaszs I Calendar I
Crop production (no water, fertility or salinity stress)
Crop %W ater Productivity Harvast Index |

Hio= [ 75 2lx

’7 Reference Harvest Index

HI

EE e
start yield formation maturity

Yield formation

Length building up HI

(e S S 74 daps to maturity == === =-=------

a Program settings = Main Menu E Save as |

Figure 2.9d4
Specification of the reference harvest index (HI,)
and the display of the building up of the Harvest Index from the tuber formation or
root enlargement to physiological maturity for roots and tubers
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Leafy vegetable crops

Beginning at germination, HI increases with a logistic equation till the reference harvest
indeed (Hlo) is reached (Fig. 2.9d5). For leafy vegetable crops, the time to reach HI, is
expressed as a percentage of the growing cycle.

Crop characteristics i - O] x|
Response to shreszes
Dezcription I Developrent I Ed) Production | Wiater I Temperature I S alinity | Biomass I Calendar |
Crop production (no water, fertility or salinity stress)
Crop ' ater Productivity Harvest Index |
Reference Harvest Index
’7 Hla = I 86 Sz Hla reached at I 20 'I % growing cycle
Cloze |
100 %
Hi
?5 z .............................................
B0 % -—{———— — |
25 z .................................................
0x
SO0 harvest
Yield formation
Length building up HI |
100 %
CcC 80 &
B0 %
0 %
0%
0%
| x Cancel | a& Program settings | = Main Menu | E Save as |

Figure 2.9d5
Specification of the reference harvest index (HI,) and the time to reach HI,
for leafy vegetable crops
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2.9.5 Water stress

= Canopy expansion, stomatal conductance and early canopy senescence

Effects of water stress on canopy expansion, stomatal conductance, and early canopy
senescence are described by water stress coefficients Ks. Above an upper threshold of
soil water content, water stress is not considered and Ks is 1. Below a lower threshold,
the stress is at its full effect and Ks is O (Fig. 2.9el). The user can specify in the
corresponding menus threshold values and curve shape, or can select a category graded
for relative resistance to water stress.

a
1.0 -
@ 0.8
=
2
£ 0.6
[-P]
3
é 0.4
wn
3 02,
da .
=
0.0
FC
- TAW >‘
. p —p
0.0 1.0

Figure 2.9¢el
Examples of the variation of the water stress coefficient for leaf expansion (exp),
stomatal conductance (sto) and canopy senescence (sen)
for various soil water depletions

Thresholds: The thresholds are expressed as a fraction (p) of the Total Available soil
Water (TAW). TAW is the amount of water a soil can hold between field capacity (FC)
and permanent wilting point (PWP). For leaf and hence canopy growth, the lower
threshold is above PWP (p < 1), where as for stomata and senescence the lower threshold
is fixed at PWP (p = 1).

Shape of Ks curve: Between the upper and lower thresholds the shape of the Ks curve

determines the magnitude of the effect of soil water stress on the process. The shape can
be linear or convex (Fig. 2.9¢2). Tests so far suggest that the thresholds and shapes of
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these curves may be conservative, at least to a fair degree. The shape factor can range
from +6 (strongly convex) to O (linear).

1.0

0.8

0.6

0.4 -

0.2 1

water stress coefficient (Ks)

0.0 I
lower
upper
thl‘(I: ;Pel;old threshold
Figure 2.9¢2

Convex and linear shapes of the Ks curve

Adjustment by ET,: Generally leaf and plant water status are partially dependent on
transpiration rate, being lower for higher rate of transpiration. AquaCrop simulate this
effect indirectly by adjusting the Ks curve according to ET,. The specified soil water
depletion factors (p) are for a reference evaporative demand of ET, = 5 mm/day, and the
p is adjusted at run time for different levels of ET,. The shaded bands in the
corresponding displays (Fig. 2.9¢3), on the two sides of the curved line indicate the range
of the evaporative demand adjustments as dictated by ETo. The adjustment is not
considered if the correction for ETo is switched off.

Canopy expansion: Leaf growth by area expansion (expansive growth) and therefore

canopy development are the highest in sensitivity to water stress among all the plant

processes described by the model. The user specifies the effect of water stress on leaf

expansion growth by selecting a sensitivity class (Tab. 2.9¢l, Fig. 2.9¢3) or by specifying

values for an upper and lower soil water depletion thresholds (p):

- p(upper): The fraction of the Total Available soil Water (TAW) that can be depleted
from the root zone before leaf expansion starts to be limited;

- p(lower): when this fraction of TAW is depleted from the root zone, there is no longer
any leaf expansion growth (reduction of 100 %).
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Table 2.9¢l
Classes and corresponding default values for the soil water depletion fractions for
canopy expansion

Class Soil water depletion fraction
Sensitivity to water stress for canopy expansion (pexp)

p(upper) p(lower)
extremely sensitive to water stress 0.00 0.35
sensitive to water stress 0.10 0.45
moderately sensitive to water stress 0.20 0.55
moderately tolerant to water stress 0.25 0.60
tolerant to water stress 0.30 0.65
extremely tolerant to water stress 0.35 0.70

Crop characteristics ;|g|5|

Fesponse to stresses

Description | Developmentl E<E I Production  water | Temperature I Salinit_l,ll Biomass | Calendall
Soil water stresses

Canopy expansion | Stomatal closure I Early canopy senescence I Aeration shress I

2 Adjustment by ETo
canopy expansion S ilane
Imoderately talerant bo water stress j % Adjust Kz for ETao

JEEe T 1 mmiday

no stress 1.0
| [ <
Ks ERpLw 0E
04 !
0z .1/
full stress 0.0 ||I
Field Capacity @ﬁ;:;gz?rgt
p[upper]=| 0.25 il
pllower) = [0 55 ii
RAW
Shape factor
Clice e —————————————————————————
g TAW
3 W00 e z0il water depletion fraction [p]................. 1.00

$ Program settings | = Main Menu | E Save as |

Figure 2.9¢3
Specification of the upper and lower thresholds and the shape of the Ks curve
for the effect of water stress on canopy expansion (Ksexp,w)
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Stomatal closure: Stomata have been shown to be much less sensitive to water stress in
comparison to leaf expansive growth. The user specifies the effect of water stress on crop
transpiration by selecting a sensitivity class (Table 2.9¢2) or by specifying a value for the
upper soil water depletion thresholds (p):

- p(upper): which determines the Readily Available soil Water (RAW). RAW is the
maximum amount of water that a crop can extract from its root zone without inducing
stomatal closure and reduction in crop transpiration;

- p(lower): which is fixed at 1.0 (i.e. TAW is completely depleted). When the fraction
p(lower) is depleted from the root zone, the soil water content is at permanent wilting
point and crop transpiration becomes zero.

Table 2.9¢2
Classes and corresponding default values for the upper threshold of soil water
depletion for stomatal closure

Class Upper threshold of soil water depletion
Sensitivity to water stress for stomatal closure (pg,)
Default value Range
extremely sensitive to water stress 0.25 0.10 ... 0.29
sensitive to water stress 0.45 0.30 ... 049
moderately sensitive to water stress 0.55 0.50 ... 0.59
moderately tolerant to water stress 0.65 0.60 ... 0.67
tolerant to water stress 0.70 0.68 ... 0.72
extremely tolerant to water stress 0.75 0.73 ... 0.90

Early canopy senescence: Under moderate to severe water stress conditions, leaf and
canopy senescence is triggered, thereby reducing the transpiring foliage area. The user
specifies the effect of water stress on canopy senescence by selecting a sensitivity class
(Tab. 2.9¢3) or by specifying a value for the upper soil water depletion thresholds (p):

- p(upper): The fraction of the Total Available soil Water (TAW) that can be depleted
from the root zone before canopy senescence is triggered;

- p(lower): which is fixed at 1.0 (TAW is completely depleted). When the fraction
p(lower) is depleted from the root zone, the soil water content is at wilting point and
canopy senescence is at full speed.

Early canopy senescence is likely to be depended on the nitrogen nutrition of the crop.

When nitrogen is more limiting the crop is expected to be more sensitive.
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Table 2.9¢3

Classes and corresponding default values for the upper threshold of soil water

depletion for canopy senescence

Class Upper threshold of soil water depletion
Sensitivity to water stress for canopy senescence (Psen)
Default value Range
extremely sensitive to water stress 0.35 0.00 ... 0.39
sensitive to water stress 0.45 0.40 ... 049
moderately sensitive to water stress 0.55 0.50 ... 0.59
moderately tolerant to water stress 0.65 0.60 ... 0.69
tolerant to water stress 0.75 0.70 ... 0.75
extremely tolerant to water stress 0.80 0.76 ... 0.98

= Effect of soil salinity stress on the thresholds for soil water depletion

If soil salinity affects crop development, the thresholds for leaf expansion, stomatal
conductance and early canopy senescence might shift upwards due to a decrease in soil
water potential. By means of the Program settings the user can switch on or off the effect

of soil salinity on the thresholds (Fig. 2.9¢4).

no stress 1.0
Ks 0.8 —
0.6 f
0.4
0.2
full stress 0.0 ——
0.0

root zone depletion

Figure 2.9e4 — Shift of the thresholds (circles) for root zone depletion and its effect on
Ks (lines) with (black) and without (gray) the effect of soil salinity on the thresholds.
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Aeration stress

Water logging causes stress that affects crop development and growth, except for the case
of aquatic species such as rice. When the soil water content in the root zone rises above
the anaerobiosis point (Figure 2.9e5), the aeration of the root zone will be deficient,
resulting in a decrease of crop transpiration.

deficient Y. _ _ _soil saturation o
soil aeration g ~ anaerobiosis point X

LAy #-
field caglacit ﬂ\
4#5 />\\\ \

Ny
/ \\i\)? /‘\

\1

pe?m;/h?ng vﬁltTn?poin@ i

Figure 2.9¢5
Zone (dark area) of restricted soil water extraction
as a result of deficient soil aeration

The aeration stress is specified by a Ks coefficient. At soil saturation (upper threshold)
the stress is at its full effect and Ks is 0. Below a lower threshold of soil water content,
water stress is not considered and Ks is 1. The lower threshold is the soil water content
below saturation at which poor aeration no longer limits transpiration. Between the upper
and lower thresholds the shape of the Ks curve is linear (Fig. 2.9¢6). The user specifies
the sensitivity of the crop to water logging by selecting an aeration stress class (Tab.
2.9e4) or by specifying the anaerobiosis point (volume percent below soil saturation).

Table 2.9e4

Classes, corresponding default values, and ranges for aeration stress

Class anaerobiosis point

(volume % below saturation)

default range

not stressed when water logged 0 0

very tolerant to water logging -2 vol% 1...3

moderately tolerant to water logging -5 vol% 4...6

sensitive to water logging - 10 vol% 8...12

very sensitive to water logging - 15 vol% 13...15
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Crop characteristics oy ] |

Responze to stresses

Descriptionl Developmentl ET | Production W ater | Temperaturel Salinit_l,ll Biomazz | Calendarl
Soil water siresses

Canopy expansion | Stomatal closure | Eally canopy senescence  Aeration stress |
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Figure 2.9¢6
Specification of the soil water content below saturation at which poor aeration no
longer limits transpiration
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= Harvest Index

Water stress may alter HI, either positively or negatively, in several ways, depending on
timing, severity and duration of the stress.

Before flowering: Pre-anthesis water stress limiting vegetative growth may have positive
effects on the Harvest Index. The user specifies the maximum increase that should be

considered (Fig. 2.9¢7) or select a class graded for the effect of pre-anthesis water stress
(Tab. 2.9e5).

% Crop characteristics N = | Bl
Ead

Responze to streszes

Description | Developmenll ET I Production  ‘water | Temperaturel S alirity I Eiomassl Calendarl

Soil water stresses

Canopy expansion | Stomatal closure | Early canopy senescence I Aeration stress Harvest Index |

Adjustment of Harvest Index {Hlo) to water stress

Reference HI
50 %
Befare flowering | Diuning flowering I Drwring wield formation I Oeverview I
water stress before flowering
Pasitive effect on Harvest Index !muderate j
az a result of limited growth in the vegetative period
Increase Harvest Index
- with maximum || 8 |5 %
range
T
Hladj i
i
1
1
i
5 X I
reference

0%

Biomass

—— = ____ at flowenng
Potential biomass

':if',’::j?:g'fl';ge from 53 % 1003
I x Cancel | $ Frogram settings | = Main Menu | El Save as |
Figure 2.9¢7

Positive effect on Harvest Index of pre-anthesis water stress
affecting biomass production

Table 2.9e5

Classes graded for the maximum positive effect of pre-anthesis stress on HI
Class percent increase of HI
None 0 %

Small 4 %

Moderate 8 %

Strong 12 %

Very strong 16 %
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During flowering: When stress is very severe and inhibits pollination directly, the effect
on HI is negative for a given class of excessive potential fruits, and its magnitude is set
by a water stress coefficient (Ks). The threshold for the failure of pollination, expressed
as a fraction (p) of TAW, is lower (stronger stress level) than the threshold for the effect
for stomatal closure and triggering of senescence. The water stress coefficient Ksp
decreases linear from 1 to O between the upper threshold (ppo) and lower threshold
(permanent wilting point). The user specifies the soil water depletion (p) at the threshold
or selects a class graded for relative resistance to drought (Fig. 2.9¢8, Tab 2.9¢6).

=

Fesponse to stresses

Descriptionl [Development I E: I Production  “ater | Temperaturel S alinity | Biomassl Calendar I
Soil water stresses

Canopy expansion I Stomatal closure I Early canopy senescence I Leration shress Harvest Index |

Adjustment of Harvest Index (Hlo) to water stress Eiterence bl
| 50 %
Before flowering  During flowering | Diuring yield formation I Oerview |
water stress during flowering——— failure of pollination

Imoderately tolerant to water stress ;i

o stress 1.0
ng ‘
Ks pol.w 0E \
04 \
nz \
full stress 0.0 "
Field Capacity \,\P.f:?[::-.n; r;'i?r:t
plupper] = | 0.90 g
RAW

e TAW
potential fru|ts| 1E | . zail water depletion fraction [p).............. 1.00

| x Cancel | aﬂ Program settings | MI E Save as |
Figure 2.9¢8

Specification of the upper thresholds
for the effect of water stress on failure of pollination

During yield formation: The effect of water stress during yield formation can be positive

or negative depending on the severity of the stress:

- One adjustment is for the competition between vegetative and reproductive growth
after flowering begins, linked to Ks for leaf growth and with positive stress effect on
HI. The magnitude of this effect as a function of Ks is set by a coefficient “a”,
increasing as “a” diminishes (Tab. 2.9¢7);
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- When stress is severe enough to cause substantial stomata closure and reduction in
photosynthesis, the effect on HI is assumed to be negative and linked to Ks for
stomata. The magnitude of this effect is set by coefficient “b”, with the negative
effect on HI being accentuated as “b” decreases (Tab. 2.9¢8).

Table 2.9¢6

Classes, corresponding defaults values, and ranges for the soil water depletion

factor (p) for failure of pollination

Class
Sensitivity to water stress

Soil water depletion fraction (p)
for failure of pollination

Default value Range
extremely sensitive to water stress 0.76 0.75 ... 0.77
sensitive to water stress 0.80 0.78 ... 0.82
moderately sensitive to water stress 0.85 0.83...0.86
moderately tolerant to water stress 0.88 0.87 ...0.90
tolerant to water stress 0.92 0.91 ...0.93
extremely tolerant to water stress 0.95 0.94 ... 0.99

Table 2.9¢7

Classes, corresponding defaults values, and ranges for the “a” coefficient (positive

stress effect on HI)

Class

“a” coefficient

Sensitivity to water stress Default value Range
None - -
small 4 3..40
moderate 2 1.5..29
strong 1 0.75 ... 1.40
very strong 0.7 0.50 ... 0.70

Table 2.9¢8

Classes, corresponding defaults values, and ranges for the ‘b’ coefficient (negative

stress effect on HI)

Class

“b”’ coefficient

Sensitivity to water stress Default value Range
none - -
small 10 7.1...20
moderate 5 4.1..7.0
strong 3 1.6 ... 4.0
very strong 1 1.0... 1.5
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In addition to the Ks value, the user specifies the extent of excessive potential fruits (Fig.
2.9¢9). When conditions are favorable, crops pollinate many more flowers and set more
fruits than needed for maximum yield. The excessive young fruits are aborted as the older
fruits grow. The extent of reduction in HI caused by extreme temperature or severe water
stress occurring during pollination time depends partly on the extent of this excess in
potential reproductive bodies. The excess is specified by selecting one of the classes
ranging from very small to large (Tab. 2.9¢9).

Table 2.9¢9
Classes and corresponding default values for excess of potential fruits
Excess of potential fruits Excess of fruits
Very small 20
small 50
medium 100
large 200
very large 300
B Coop chorocteristis L=
— Flesponze to stresses ——
Description I Development I ET | Production  “water | Temperature I Salinity I Biomaszs I Calendar I

Soil water stresses
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Adjustment of Harvest Index {(Hlo) to water stress Feference HI
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water stress during flowering——— failure of pollination

Imoderately zensitive to water stress LI

no stress 1.0
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| x Cancel | a Program settings | Frotected file E Save as |

Figure 2.9¢9
Specification of the extent of excessive potential fruits
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The combined effect of water stress during yield formation is displayed in the
corresponding tab sheet (Fig. 2.9¢10).

Crop characteristics I ] 4
— Response to stresses |
Description | Development I ET I Production W ater I Temperature I S alinity I Biomass I Calendar I

Soil water stresses
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Figure 2.9¢10
Effect on Harvest Index of post-anthesis water stress
for various degrees of root zone depletion (% TAW depleted)

By selecting the <view details HI adjustment> command, the user can study the
individual and combined effect on the Harvest Index of water stress during yield
formation in the Adjustment of Harvest Index menu (Fig 2.9ell and 2.9e12). The
individual and combined effect on HI can be displayed for various root zone depletions
and evaporative demands.
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Positive effect on
Harvest Index of water
stress during the period
of potential vegetative
growth for the selected:

(i) ““a” coefficient,
(ii) root zone depletion,
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Figure 2.9¢12

Negative effect on
Harvest Index of water
stress during the
building up of the
Harvest Index for the
selected:

(i) “b” coefficient,
(ii) root zone depletion,

(iii) evaporative demand
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Overview: After combining the various effects on HI on water stress, the adjusted
Harvest Index should remain smaller than a preset maximum. In the folder presenting the
overview of water stress effects on Harvest Index, the user can adjust the maximum
allowable increase (Fig. 2.9¢13).

B8 Crop characteristics =y ===
B

Response to stresses

Descriptionl Developmentl ET | Production  ater I Temperaturei S alinuty I Eiomassl Calendarl
Soil water stresses

Canopy expanzion I Stomatal closure | Early canopy senescence | Heration strezs Harvest Index |

Adjustment of Harvest Index (Hlo) to water stress Feference HI
| 50 %

Befare flowering I During flowering I During yield formation  Overview |

Overview of water stress effects on Harvest Index
as set by user

Adjustment

Harvest Index
—— water stress before flowering f ....... small _.......
—— water stress during flowering * -... moderate ____.

az a result of failure of pollination

water stress during yield formation

Positive effect on Harvest Index f ------- small _______
az a result of water stress affecting leaf expanszion

Megative effect on Harvest Indes * ....... small ...
&z a result of water shress inducing stomatal closure S

> Maximum possible increase of H—— + I 15 E %
Hirmax = 58 %

$ Program settings | = Main Menu | Q Save az |

Figure 2.9¢13
Combined effect of water stress on harvest index
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2.9.6 Temperature stress

In AquaCrop temperature stress affecting biomass production and pollination is
considered. The effects are described by temperature stress coefficients (Ks) which varies
between 0 (full effect of temperature stress) and 1 (no effect).

= Biomass production

Low temperatures can cause stress that affects crop development and growth. AquaCrop
considers the impact of low temperature in two ways. One is by using GDD as the clock,
accounting for effects on phenology and canopy expansion and decline rate. In addition,
it is necessary to account for the more direct effect of cold stress on biomass production.
The latter is specified by a Ks coefficient, which varies between 1 and 0 between an
upper threshold and a lower threshold defined in terms of growing degrees per day (Fig.
2.9f1). The lower threshold is fixed at 0 °C-day. Between the upper and lower threshold
the shape of the Ks curve is logistic.

Crop characteristics I ;lglil

Response to stresses

Dezcription | Developmenll ET | Productionl “wiater  Temperature | S alitity I Eiomassl Calendarl
Air temperature stresses

Biomazs production | Pallitation |

Biomass production
affected by cold stress

" Mot considered
{* Considered

no stress 1.0

0E /

0.4
02

D.D—-/
Growing Degrees [GD]

0.0 5.0 100 150 20.0 *C-day

Ks,

full stress

cold stress

GD range
from; 0 *C-daw............. ‘

to:l 11.1 3: EEdap|nie nee e s e T

ﬁ Program settings | = Main Menu | E Save ag |

I £ Cancel!

Figure 2.9f1
Specification of the threshold for temperature stress on biomass production
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= Pollination

Cold and heat stress might affect pollination. The temperature stress is specified by a Ks
coefficient, which varies from O to 1 between threshold temperatures. For the cold stress
Ks is 0 at the lower threshold and 1 at the upper temperature threshold. For the heat stress
Ks is 1 at the upper threshold and O at the lower threshold temperature (Fig. 2.912).
Between the upper and lower thresholds the shapes of the Ks curves are logistic.

Crop characteristics oy ] 4|

Response to stresses

Description I Developmenll ET | Praduction | wiater  Temperature | Salinil_l,ll Biomazs | Calendarl
Air temperature stresses

Biomass production  Pollination |

Pollination ———— Pollination
affected by cold stress affected by heat stress
" Mot considered {~ Mot considered
{* Considered f+ Considered
no stress 1.0 1.0—— rio stress
08 /7 N 08
Ks pol.c 0E / \ = KS pol.h

0.4 l \ 04
0.2 / \ ik

full stress 0.0 00— full stress
Tnlcold) Tx[heat)
Minimum ailr temperature range | Mazimum air temperature range
I
( e [+8 Ej'l: ﬁnu Eie +45 °C W
|

cold stress heat stress
fruiits |

a Program settings | = Main Menu | EI Save as |

|x

Figure 2.9f2
Specification of the thresholds for cold and heat stress on pollination

Only the upper threshold for the minimum air temperature (T,c.oq) and the lower
threshold for the maximum air temperature (Txpear) at which pollination starts to fail are
crop parameters. Tj g can range from O to +15 °C and Ty pear from +30 to +45 °C. In
AquaCrop it is assumed that full stress is reached (Ks = 0) at 5 °C below (cold stress) or
above (heat stress) the specified threshold air temperature.
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2.9.7 Soil fertility stress

Although the crop response to soil fertility stress is based on fundamental concepts, it is
at present described by a qualitative assessment. Mineral nutrient stress, particularly the
lack of nitrogen, can (i) reduce canopy expansion, resulting in a slower canopy
development and (ii) the maximum canopy cover that can be reached (CCy), resulting in a
a less dense canopy. In addition, under long-term stress, (iii) CC normally undergoes
steady decline once the adjusted CCy is reached at mid season. Further-on (iv) soil
fertility stress reduces the water productivity (WP*).

= Display of the effects of soil fertility stress

Crop characteristics o ] 4
Response to stresses
Diescription | Developrient I ET | Production I W ater | Temperature I Salinity  Effects | Calendar I
Effects of |soil fertility stress |
Biomass production Moderate stress ~|——  Effect of stress

affected by soil fertility stress
~ Mot considered
¢ Conzidered ——— [by local calibration)

Mo stress
Mild stress

CCw reduction.......... il
CGL reduction....... 18 %

Average decline  %/day
CaAnOpy COVEr....... 022

WF= reduction. ... 22 %

Severe stress
As calibrated

Canaopy |Watel Productivityl Biomassl Biomass - Stressl K.z curves | Crop parameters

Effect of | zoil fertility stress ... Oh green canopy development Clase |
_ Mo strezs CCx=80% at... .| 50 daps

I (oderate stress CCx=B5% at... 57days

1
125

ToWing maturity
| x Cancel | ﬁ Program settings | = Main Menu | E Save ag |
Figure 2.9g

The effect of moderate soil fertility stress on canopy development

If the crop response is calibrated for soil fertility stress, the user can see the effect of
various stress levels in the Crop characteristics menu: No stress, mild stress, moderate
stress, and severe stress (Fig. 2.9g).
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= Simulation of the effect of soil fertility stress
To simulate the effect of soil fertility stress the user has to specify one of the categories
of the soil fertility stress in the Field management menu (see 2.12 Field management).

= (alibration of the crop response
Calibration of the crop response to soil fertility stress is done in the Crop characteristic

menu (See 2.9.8 Calibration for soil fertility stress).
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2.9.8 Calibration for soil fertility stress

Since the crop response is specific to the type of stress and the environment in which the
crop develops, the crop response to soil fertility stress cannot be described with
conservative crop parameters, but needs to be calibration for each specific case.

= Reference and Stressed field

Reference field Stressed field
- well watered field - well watered field
- no soil fertility stress - soil fertility stress
Observations: B,.; and CC, Observations: Bgess and CCyress

Figure 2.9h1 - The calibration of crop response to soil fertility stress is based on field
observations of differences in Biomass production (B) and green Canopy Cover (CC)
between a Reference and Stressed field.

The calibration, which is done in the Crop characteristic menu, requires access to
observed green Canopy Cover (CC) and biomass production (B) in two well watered
fields: one with and the other without soil fertility stress. The field with no stress is
regarded as the ‘Reference field’, while the field with limited soil fertility is denoted as
the ‘Stressed field’. The fields are well watered to avoid the effect of soil water stress on
crop development and production. The calibration requires that the crop in the Stressed
field shows a well noted response to the limited soil fertility (Fig. 2.9h1). The calibration
consists in linking an observed reduction in total above ground biomass (B) in a Stressed
field with the soil fertility stress in that field.
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=  Crop response to soil fertility stress

The observed reduction in biomass is the result of an integration of effects of the stress on
several processes. The soil fertility stress affects
- green canopy development (CC) and hence indirectly crop transpiration (Tr). The
effect of the soil fertility stress on CC consists:
o reduced canopy expansion resulting in a slower canopy development
o reduced maximum canopy cover that can be reached (CCy) resulting in a a
less dense canopy
o steady decline of CC once the adjusted CCy is reached at mid season.
- the biomass water productivity (WP*).

In Table 2.9h the stress coefficients (Ks) and decline coefficient (f) used for the
simulation of the crop response to soil fertility stress are listed.

Table 2.9h — Stress coefficients for simulating crop response to soil fertility stress

Coefficient | Description | Target crop parameter

For simulating the effect of both soil fertility and soil salinity stress

KSexp.t Stress  coefficient  for  canopy | Canopy  Growth  Coefficient
expansion (CGO)

Kscex Stress  coefficient for maximum | Maximum canopy cover (CCx)
canopy cover

feDectine Stress decline coefficient of the | Canopy Cover (CC) once
canopy cover maximum canopy cover has been

reached

For simulating the effect of soil fertility stress

Kswp Stress coefficient for biomass water | Biomass water productivity
productivity (WP*)
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= The effect of stress on biomass is not considered (not calibrated)

The calibration process
Protected crop files (provided by FAO), do not consider the effect of soil fertility stress

on biomass, and need to be calibrated before the effect can be simulated (Fig. 2.9h2).

Crop characteristics 3 ' ;lglil

Response to stresses

Diezcription | Developmenll ET | Productionl i ater | Temperaturel Salinity  Effects | Calendarl

Effects of [soil fertility stress -]
Biomass production
affected by soil fertility stress
f* Mot considered
{~ Conzidered

——— LCalibrate

[y local calibration]

adjustment not congidered
[ho correction For zoil fertility stress)

ﬁ Program settings | = Main Menu E Save ag |

% Cancel

Figure 2.9h2 — Display in the Crop characteristics menu of a crop for which the effect
of soil fertility stress on biomass is not considered

By selecting ‘Considered’ on the tab sheet in the Crop characteristics menu (Fig. 2.9h2),
AquaCrop will display the Calibration soil fertility stress menu in which the calibration
can be started (Fig. 2.9h3).
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In the ‘Field observations’ tab sheet of the Calibration soil fertility stress menu (Fig.
2.9h3), the user specifies (with reference to Fig. 2.9h1) the observations as surveyed in
the Stressed field:

1. the observed relative Biomass production, by selecting a class (varying from ‘near
optimal’ to ‘very poor’) or by specifying the observed relative biomass (100
Bstress/Bref);

2. the observed Maximum canopy cover (CCx) , by selecting a class (varying from
‘close to reference’ to ‘very strong reduced’) or by specifying the observed CCx
(CCxstress)s

3. the observed Canopy decline in the season once CCx is reached, by selecting a class
(varying from ‘small’ to ‘strong’).

Calibration soil fertility stress = |EI|1|

Field observations |

no water stress

Reference field Stressed iiel

zoll fertilty stress

|
observations

| relative biomass
|_1|f B 1} Biomass production .............. Iahnul half j*‘ I 50 |§iz

|— CCx
CCx = I B @ Mazximum Canopy Cover Istmngly reduced ﬂ—] 48 Ez

not streszed

absent @ Canopy decline in season medium T

— calibration ——

Start |

[ |

Figure 2.9h3 - Specification of field observations from the ‘Stressed field’ in the
Calibration soil fertility stress menu

By clicking on the <Start> button in the ‘Field observations’ tab sheet of the Calibration
soil fertility stress menu (Fig. 2.9h3), AquaCrop selects values for the stress coefficients
(KSexp,f» Kscex, Kswp, fepeciine) and alters as such the simulated green canopy cover (CC),
and biomass water production (WP*) for the Stressed field.
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By trying different values for the various stress coefficients, and by respecting the
specified observations (Fig. 2.9h3), AquaCrop calculates for each set of stress
coefficients, the corresponding CCges and Biomass production (Bgyess) until the
simulated relative biomass production is equal to the observed relative production in the
Stressed field. The results are displayed in the ‘Crop response to soil fertility stress’ tab
sheet (Fig. 2.9h4).

Calibration soil fertility stress — Ol ]

¢ Lrop response to soil fertlity stress I Crop parameters I

— Streszed field
observed| soil fertily stress ———— Sl 'lerli"ty stress
relative | nowater stress
_[biumass ta f?:ighe
W S — effect on canopy development
Fy T b aximum Canopy Cover ... CCx =ITE xr—=a
reduced Reduction of Canopy expanzion ... I?'@ ¥ —i |I-

lranspirﬁtiun Average decline Canopy Cover........, lﬁ@ %/day—# l-

reduced
WP

1|5 | a0 105
[ Reference field Growin cle (days
B Steszed field 9 {daye)

effect on Water Productivity

Reduction ........... I 30 gz &

check to fix value —

I X Cancel | Close | (%% Restart Calibration |

Figure 2.9h4 — The simulated relative biomass (similar as observed on the stressed field)
obtained by considering the effect of soil fertility stress on (i) canopy development
(maximum canopy cover, canopy expansion and canopy decline) and (ii) biomass Water
Productivity (WP#*), as displayed in the tab sheet ‘Crop response to soil fertility stress’ of
the Calibration soil fertility stress menu.

In the ‘Crop parameters’ tab sheet of the Calibration soil fertility stress menu, the
reduction in Canopy development and biomass Water Productivity (WP¥*) are displayed.
The corresponding simulated relative Biomass production, the 4 Ks-curves and the Crop
parameters (adjusted to the stress) can be consulted as well in their respectively tab-sheet
(Fig. 2.9h5).
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Figure 2.9hS — The Ks curve for Maximum canopy cover as displayed in the tab-sheet

‘Ks-curves’ of the Calibration soil fertility stress menu

The calibration determines the shape of the 3 Ks-curves and of the decline coefficient (f).
The shape is given by the values of Ks or f, at 3 different levels of stress:

1.

For non-limiting soil fertility (not affecting biomass production), the stress is 0 % and
the 3 soil fertility stress coefficients (Ks) are 1, and the decline coefficient (fcpeciine) 1S
Z€ero;

When the soil fertility stress is complete (100% stress), crop production is no longer
possible and the Ks coefficients are zero and the decline coefficient (fcpeciine) 1S at its
maximum rate i.e. 1 % per day;

The stress in the Stressed field is defined as:

stress =100 (1-B,,,) (Eq. 2.9)

where B, is the ratio between the observed biomass in the stressed and reference
field (Brel = Bsuress/Bref). By considering the effect on its target parameter (CCx, CGC,
WP*, and canopy decline), the corresponding values for Ks and f are obtained for the
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defined stress level. For example, if B is reduced in the Stressed field by 50 % (Bgtress
= 0.5 Brr) and CCx by 40 % (CCXgyess = 0.6 CCXef), Kscex is 0.6 at the soil
fertility/salinity stress of 50 % (Fig. 2.9h5).

Once a curve is calibrated, the Ks corresponding to other soil fertility/salinity stresses can
be obtained from the curves. With reference to Fig. 2.9h5, CCx will be reduced by 20 %
(Kscex = 0.80 or CCx = 0.8 CCxef) for a soil fertility stress of 27 %, and by 60 % (Ksccx
=0.40 or CCx = 0.4 CCx,e) for a stress of 69 %.

Fine tuning
The user can fine tune the calibration by altering in the Calibration soil fertility stress

menu (Fig. 2.9h4): (i) the maximum canopy cover (CCx), (ii) the reduction of canopy
expansion, (iii) the average decline of the Canopy cover, or (iv) the reduction in biomass
water productivity (WP*). Changing one of the above reductions will alter the reductions
of the other parameters since AquaCrop always looks for the equilibrium between the
simulated and observed relative biomass production in the Stressed field. By clicking on
one or more of the 4 check boxes, the user can fix the value of one or more parameters
(Fig. 2.9h4.

By clicking on the <Restart calibration> button key in the command panel of the
Calibration soil fertility stress menu, the user returns to the ‘Field observation’ tab sheet
(Fig. 2.9h3).

= The effect of stress on biomass is considered (calibrated)

Relationship between Biomass and soil fertility stress

For crop files where the effect of soil fertility stress on biomass is considered, AquaCrop
displays in the Crop characteristics menu the effect on canopy development, biomass
water productivity, and biomass production for several stress levels (mild up to severe
stress). In the menu the relationship between Biomass and soil fertility stress is displayed
as well (Fig. 2.9h6). The relationships are obtained by:

(1) considering for various soil fertility stress levels the individual effect on CCx,
CGC, canopy decline, and WP*, as described in each of the Ks curves (Fig.
2.9h5); and

(i1) calculating by considering the stress coefficients, the corresponding canopy
development, and reduction in relative biomass production by assuming no water
stress. The effect of the each considered soil fertility stress level on CCx, on
CGC, on canopy decline, and on WP* are described in the individual calibrated
Ks and reduction curves (Fig. 2.9h5). Since the shapes of the Ks curve are not
identical, and the effect of stress on WP* increases when the canopy cover
increases, the B-stress relationship is not linear (Fig. 2.9h6).
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Figure 2.9h6 — Display of the relationship between Biomass and soil fertility stress in the
‘Biomass-Stress’ tab-sheet of the Crop characteristics menu.

Fine tuning
For crop files where the effect of soil fertility stress on biomass is considered, the

calibration can be fine tuned by clicking on the <Calibrate> button key in the Crop
characteristics menu which will display the Calibration soil fertility stress menu (Fig.
2.9h4 and 2.9h5).

By clicking on the <Restart calibration> button key in the control panel of the
Calibration soil fertility stress menu, the user returns to the ‘Field observation’ tab sheet
(Fig. 2.9h3).
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2.9.9 Soil salinity stress

= Kscurve

Biomass production might be affected by soil salinity stress. To describe this process a
soil salinity stress coefficient (Ksg,y) is considered which varies between 0 (full effect of
soil salinity stress) and 1 (no effect). The average electrical conductivity of the saturation
soil-paste extract (ECe) from the root zone is the indicator for soil salinity stress.

Crop characteristics

Response to stresses —
Description | Developmenll ET | Productionl wiater I Temperature  Salinity | Effectsl Calendarl

Soil salinity stress

=10l x|

— Biomass production

salinity class

moderately sensitive to salinity stress Ll

extremely sensitive to salinity stress

affected by soil salinity stress

" Mot considered
7+ Considered

zerzitive bo salinity shress
‘mnderately zalinity shress
moderately tolerant to zalinity stress
tolerant to salinity stress

extremely tolerant to zalinity stress

no shress 1.0

na

Ks zalt ng \

0.4 \

0z
full stress 0.0 !

1a 20 25 d5/m

ECe thresholds

Lowerl] 2 2]dS/m

Upper| 12 :dSJ’m

0.a
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Shape factor
= Lingar B4

f Conve:-:l 3.0 ﬁ

£ Logistic equation

25 dS/m

H save as |

= Main Menu |

| x Cancel | ﬁ Program settings |

Figure 2.9i1
Specification of the upper and lower thresholds and the shape of the Ksg, curve
for the effect of soil salinity stress on biomass production

Thresholds: The user specifies the effect of soil salinity stress by selecting a sensitivity

class or by specifying values for an upper and lower threshold for soil salinity in the root

zone (Tab. 2.91; Fig. 2.911). The thresholds are crop specific (see Annex III) and are

given by electrical conductivities of saturated soil-paste extracts (ECe) and expressed in

deciSiemens per meter (dS/m). Distinction is made between:

- the lower threshold (ECe,) at which soil salinity stress starts to affect biomass
production, and
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- the upper threshold (ECey) at which soil salinity stress has reached its maximum
effect and the stress becomes so severe that biomass production ceases.

Table 2.9i
Classes and corresponding default values for the lower (ECe,) and upper (ECey)
threshold of soil salinity stress

Class Electrical conductivity of the saturated
Sensitivity to water stress soil-paste extract (ECe) in dS/m
extremely sensitive to salinity stress 0 6
sensitive to salinity stress 1 8
moderately sensitive to salinity stress 2 12
moderately tolerant to salinity stress 5 18
tolerant to salinity stress 7 25
extremely tolerant to salinity stress 8 37

Shape of Ks curve: Between the upper and lower threshold of the saturated soil-paste
extracts, the shape of the Ks curve determines the magnitude of the effect of soil salinity
stress on the biomass production. The shape can be linear, convex or logistic (Fig. 2.9i2).
For the convex shapes, the shape factor can range from +6 (strongly convex) to O (linear).

no stress 1.0
Kssalt
0.8 1

0.6

0.4

soil salinity stress coefficient

0.2

full stress 0.0

ECe, ECe,

electrical conductivity of the saturated soil-paste extract (dS/m)

Figure 2.9i2
Linear, convex and logistic shapes of the Ks curve

Reference Manual, Chapter 2 — AquaCrop, Version 4.0 June 2012 2-79



= Display of the effects of soil salinity stress

Soil salinity stress can reduce canopy expansion and the maximum canopy cover that can
be reached (CCy). In addition, under long-term stress CC normally undergoes steady
decline once the adjusted CCy is reached at mid season. Further-on soil salinity stress
induces stomatal closure.

Crop characteristics i o ] 4
e Responze to stresses —
Description | Development I ET | Production I W ater | Temperature  Salinity | Effects I Calendar I

Soil sallnlty sl Biomass production

affected by soil salinity stress

salinity class

roderately senzitive to zalinity stress

" Mot considered
{* Considered

Kz cuve Effects of zail zalinity strezs

The zimulation of the effects of zoil zalinity
ah canopy development and crop production
are still in a testing phase, and hence uze this module with caution

Dizplay/Update Effects of zail zalinity strezs

The calculation procedures are described in the reference manual

| x Cancel | a FProgram settings | = Main Menu | E Save as |

Figure 2.9i3
Information concerning the effect of soil salinity stress

As mentioned in the ‘effects of soil salinity stress’ tab sheet (Fig. 2.913), the simulation of
the effects of soil salinity on canopy development and crop production are still in a
testing phase. By clicking on the <Effects of soil salinity stress> button, the effects of
soil salinity are displayed (Fig. 2.10j1). In this tab sheet the user can see the effect of
various stress levels (if the crop response is calibrated for soil salinity stress), and/or
calibrate the crop response for the stress.

= Calibration of the crop response

Calibration of the crop response to soil salinity stress is done in the Crop characteristic
menu (See 2.9.10 Calibration for soil salinity stress).
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2.9.10 Calibration for soil salinity stress

=  Crop response to soil salinity stress

Soil salinity stress reduces biomass production (B). The electrical conductivity of the
saturated soil-paste extract (ECe) from the root zone determines the value of the soil
salinity stress coefficient, Ksg, (Fig. 2.911). As explained in Chapter 3 (3.15 Simulation
of the effect of soil salinity stress), Ksg,y expresses the degree of soil salinity stress and
hence determines the total reduction in biomass production. The reduction in biomass
production is the result of stomatal closure and a poor canopy development (slow canopy
expansion, poor canopy cover and canopy decline during the crop cycle). Although the
total reduction in biomass (given by Ksg,) and the causes for its reduction are known, the
individual effect of salinity stress on each of the processes is not yet sufficient
documented for the simulation in AquaCrop.

In absence of extensive testing, the reduction in biomass production due to soil salinity
stress 1s described in a similar way as the effect of soil fertility stress on B. The
calibration for soil salinity stress is hence identical as the calibration for soil fertility
stress (2.9.8 Calibration for soil fertility stress), and requires the access to observed green
Canopy Cover (CC) and biomass production (B) in two well watered fields: one with and
the other without soil salinity stress. The field with no stress is regarded as the ‘Reference
field’, while the field with soil salinity stress is denoted as the ‘Stressed field’. The fields
are well watered to avoid the effect of soil water stress on crop development and
production. The calibration requires that the crop in the Stressed field shows a well noted
response to soil salinity stress (Fig. 2.9j1).

Reference field Stressed field
- well watered field - well watered field
- no soil salinity stress - soil salinity stress
Observations: B,.; and CC Observations: Bgess and CCgiress

Figure 2.9j1 — The calibration of crop response to soil salinity stress is based on field
observations of differences in Biomass production (B) and green Canopy Cover (CC)
between a Reference and Stressed field.
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The observed reduction in biomass is the result of an integration of effects of the stress on
several processes. As explained in section 2.9.8 (Calibration for soil fertility stress) the
soil fertility stress affects green canopy development (CC) and hence indirectly crop
transpiration (Tr), and the biomass water productivity (WP*). The soil salinity stress
affects in a similar way the green canopy development (CC) and hence indirectly crop
transpiration (Tr), but it also affects crop transpiration directly by inducing stomatal
closure. In Table 2.9j the stress coefficients (Ks) and decline coefficient (f) used for the
simulation of the crop response to soil salinity stress are listed.

Table 2.9j — Stress coefficients for simulating crop response to soil salinity stress

Coefficient \ Description \ Target crop parameter

For simulating the effect of both soil fertility and soil salinity stress

KSexp.t Stress  coefficient  for  canopy | Canopy  Growth  Coefficient
expansion (CGO)

Kscex Stress  coefficient for maximum | Maximum canopy cover (CCx)
canopy cover

feDectine Stress decline coefficient of the | Canopy Cover (CC) once
canopy cover maximum canopy cover has been

reached

For simulating the effect of soil salinity stress

KSgto0,salt | Stress coefficient for stomatal closure | Crop transpiration (Tr)

In absence of extensive testing, the effects of soil fertility stress and soil salinity stress on
canopy development are assumed to be identical. Hence Ksexpr, Ksccx and fepeciine are
used for simulating the effect of both soil fertility and soil salinity stress.
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= The effect of stress on biomass is not yet considered

The calibration process

By selecting ‘Considered’ on the ‘Effects’ tab sheet in the Crop characteristics menu
(Fig. 2.9j2), AquaCrop will display the Calibration soil salinity stress menu in which the
calibration can be started (Fig. 2.9j3).

Crop characteristics =|0O0) X
Eas

- Fesponse to stresses
[rescription I Development | ET I Froduction I Waterl Temperature I Salinity  Effects | Calendar |

Effects of |soil salinity stress -]
|’Binmass production

affected by soil salinity stress
i+ Mot conszidered

c

Calibrate |

(b local calibration]

adjustment ot conzsidered
[ comection for ol zalinty strezs)

| x Cancel | aﬂ Program settings | = Main Menu E Save as |

Figure 2.9j2 — Display in the Crop characteristics menu of a crop for which the effect of
soil salinity stress on biomass is not considered

In the ‘Field observations’ tab sheet of the Calibration soil salinity stress menu (Fig.

2.9j3), the user specifies (with reference to Fig. 2.9j1) the observations as surveyed in the

Stressed field:

1. the observed relative Biomass production, by selecting a class (varying from ‘near
optimal’ to ‘very poor’) or by specifying the observed relative biomass (100
Bstress/ Bref);
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2. the observed Maximum canopy cover (CCx) , by selecting a class (varying from
‘close to reference’ to ‘very strong reduced’) or by specifying the observed CCx
(CCxstress)s

3. the observed Canopy decline in the season once CCx is reached, by selecting a class
(varying from ‘small’ to ‘strong’).

Calibration soil salinity stress ) o ]

Field observations |

no water stress

: 22, Sl
Reference field Stressed field
zoil zalinity stress
not streszed
|
observations ————
| relative biomass
I_'llf Bk 1 ) Biomass production ... . IahDUI half LI*‘ I 50 |§|z
| — CCx
CCz=| 80 = | @ Maximum Canopy Cover Istlnngl_',' reduced j— I 48 Ez
absent @ Canopy decline in season medium ¥
|
— calibration ——

Start |

Claze |

Figure 2.9j3 — Specification of field observations from the ‘Stressed field’ in the
Calibration soil salinity stress menu

By clicking on the <Start> button in the ‘Field observations’ tab sheet of the Calibration
soil salinity stress menu (Fig. 2.9j3), AquaCrop selects values for the stress coefficients
(KSexp.f Kscex, Ksstosatts fepectine) and alters as such the simulated green canopy cover (CC)
and crop transpiration (Tr) for the Stressed field.

By trying different values for the various stress coefficients, and by respecting the
specified observations (Fig. 2.9j3), AquaCrop calculates for each set of stress
coefficients, the corresponding CCgyess, crop transpiration (Tr) and Biomass production
(Bstress) until the simulated relative biomass production is equal to the observed relative
production in the Stressed field.
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The results are displayed in the tab sheet ‘Crop response to soil salinity stress’ (Fig.
2.9j4). The effect of soil fertility and soil salinity stress on canopy development (CCx,
CGC, and canopy decline) is assumed to be identical. But soil fertility stress differs from
soil salinity stress because soil fertility stress results in a reduced biomass water
production (Fig. 2.9h4) while soil salinity stress induces stomatal closure (Fig. 2.9j4).

Calibration soil fertility/salinity stress i = |EI|§|

Crop response ta soil fertility stress Crop response to zoil salinity stress | Crap parameters

— Stressed field
observed| soi salinty stress ——— Sl Salinity stress
relative | nowater stress
_[biumass ta ﬁfﬁﬁfﬁe
Iﬁ % — effect on canopy development 4}‘
& T M aximum Canopy Cover ... CCx =| 48 E »—#[

I
reduced Reduction of Canopy expanzion ... I 25 @z —a
transpiration

Average decline Canopy cover,

stomatal
closure
Ks " 15 0 105
10 : | |
i e, el [ Reference field Growin cle (days
i B Stressed fisld 9 (days)
13 SEEEEREES EEER SO TS
Od-femmnmens CREISA, W
= Dol — effect on Stomatal closure
D.D P Closure ... I 19 |
T PP

(7% Restart Calibration |

Figure 2.9j4 — The simulated relative biomass (similar as observed in the stressed field)
obtained by considering the effect of soil salinity stress on (i) canopy development (CCx,
CGC and canopy decline) and (i1) stomatal closure (Ksg,), as displayed in the tab sheet
‘Crop response to soil salinity stress’ of the Calibration soil salinity stress menu.

In the ‘Crop parameters’ tab sheet of the Calibration soil salinity stress menu, the
reduction in Canopy development and in crop Transpiration are displayed. The
corresponding simulated relative Biomass production, the 4 Ks-curves and the Crop
parameters (adjusted to the stress) can be consulted as well in their respectively tab-sheet.

The calibration determines the shape of the 3 Ks-curves and of the decline coefficient (f).
The shape is given by the values of Ks or f, at 3 different levels of stress:
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1. For soil salinity not affecting biomass production, the stress is 0 % and the 3 soil
salinity stress coefficients (Ks) are 1, and the decline coefficient (fcpeciine) 1S Zero;

2. When the soil salinity stress is complete (100% stress), crop production is no longer
possible and the Ks coefficients are zero and the decline coefficient (fcpeciine) 1S at its
maximum rate i.e. 1 % per day;

3. The stress in the Stressed field is defined as:

stress =100 (1- B,,,) (Eq. 2.9)

where B, is the ratio between the observed biomass in the stressed and reference
field (Brel = Bsuress/Bref). By considering the effect on its target parameter (CCx, CGC,
Tr, and canopy decline), the corresponding values for Ks and f are obtained for the
defined stress level.

Once a curve is calibrated, the Ks corresponding to other soil salinity stresses can be
obtained from the curves.

Fine tuning
The user can fine tune the calibration by altering in the Calibration soil salinity stress

menu (Fig. 2.9j4): (i) the maximum canopy cover (CCx), (ii) the reduction of canopy
expansion, (iii) the average decline of the Canopy cover, or (iv) the effect on stomatal
closure. Changing one of the above reductions will alter the reductions of the other
parameters since AquaCrop always looks for the equilibrium between the simulated and
observed relative biomass production in the Stressed field. By clicking on one or more of
the 4 check boxes, the user can fix the value of one or more parameters (Fig. 2.9j4).

By clicking on the <Restart calibration> button key, the user returns to the ‘Field
observation’ tab sheet (Fig. 2.9j3).

= The effect of stress on biomass is considered

Relationship between Biomass and soil salinity stress

For crop files where the effect of soil salinity stress on biomass is considered, AquaCrop
displays in the Crop characteristics menu the effect on canopy development, crop
transpiration, and biomass production for several stress levels (mild up to severe stress).
In the menu the relationship between Biomass and soil salinity stress is displayed as well
(Fig. 2.9j5). The relationships are obtained by (i) considering for various stress levels the
individual effect on CCx, CGC, canopy decline, and crop transpiration (Tr), and (ii)
calculating the corresponding canopy development, crop transpiration and reduction in
relative biomass production by assuming no water stress. The effect of the various
considered stress levels on CCx, on CGC, on canopy decline, and on Tr are described in
the individual calibrated Ks and reduction curves. Since the shapes of the Ks curve are
not identical, the B-stress relationship is not linear and differ also between soil fertility
and soil salinity stress (Fig. 2.9;5).
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Crop characteristics

Description | Development I Production  Biomass - stress I Calendar I

= ELEE soil salinity stress [

Biomass production As:calibrated =
affected by soil salinity stress I J

{~ Mot considered
& Considered

(b local calibration)

Calibrate |

Canop_l,.ll Transpilationl Biomass Biomass - Stress

1002

=8l

Effect |

Biomass ol

a0

B0 %

0

Fielationzhip

0% 7 & Sail salirity
Biomass

0% } } } i }

0 N 0% B0 & 80 % 100%
Soil salinity stress
I x Cancel | a Frogram settings = Main Menu E Save as |

Figure 2.9j5 — Display of the relationship between Biomass and soil salinity stress in the
Biomass-Stress tab-sheet of the Crop characteristics menu.

Fine tuning

For crop files where the effect of soil salinity stress on biomass is considered, the
calibration can be fine tuned by clicking on the <Calibrate> button key in the Crop
characteristics menu which will display the Calibration soil salinity stress menu (Fig.

2.9i4).

By clicking on the <Restart calibration> button key in the control panel of the
Calibration soil salinity stress menu, the user returns to the ‘Field observation’ tab sheet

(Fig. 2.9j3).
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2.9.11 Calendar

An overview of the calendar of the growing period is displayed in the Calendar folder of
the Crop characteristics menu (Fig. 2.9k).

Crop characteristics = oy ] |
Description I Development I Praduction I Biomass - stress Calendar |
Calendar of growing cycle (no water and fertility limits)
IJAN 'l
| growing cycle
Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Mow Dec
day 1
after sowing
rriaturity
] Growth Stages | Length Date
days
From day 1 after sowing............|......___._.|................ I 22 ﬂl March jl 1379
toemergence. _......._..._......). B @ | 27 March 1979 |
to maximum canopy cover.._.._. | @ | 11 May 1979 |
to maximum rooting depth. _...... B 1 @ | 30 June 1979 |
to start of canopy senesence..| . 110 .| ... @ [10 July 1979 |
to maturity..._............... 12 2][24 duiy 1979 |
10 FOWering. ....cc.oeeeeeeeeres 12][31 May 1979 |
Length building up HI.______ |20 July 1979 |
Duration of Howering......... e e e end @hﬂ June 1979 |

$ Program settings | = Main Menu | E Save as |

Figure 2.9k
Crop calendar with indication of the FAO-56 growth stages

In the calendar the length of crop growth stages can also be displayed. The stages refer to
the definitions used in earlier FAO publications (Irrigation and Drainage Papers Nr. 24,
33 and 56) and are:

- The initial stage starts at sowing and stops when canopy cover is 10% (CC = 0.10);

- The canopy development stage starts when the canopy cover is larger then 10 % and
stops when 98% of the maximum canopy cover is reached (CC = 0.98 CCy).

- The mid season stage starts when the canopy covers reaches 0.98 CCy and stops
when canopy senescence begins. The end of the stage is given by the time to reach
canopy senescence.

- The late season stage starts when the days to senescence are reached and stops at the
moment crop maturity is reached, and the crop is ready to be harvested.

In Annex II (Tab. II-1) indicative values for lengths of crop development stages for

various planting period and climate regions for common agriculture crops are presented.
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2.9.12 Program settings

From the Crop characteristics menu the user has access to the program settings listed in
Table 2.91. The effect of the settings on soil evaporation, crop transpiration, canopy
expansion and decline, and soil water stress are explained in the relevant sections of
Chapter 3 (Calculation procedures).

Table 2.91
Program settings affecting soil evaporation, crop transpiration, crop development,
production and the effect of water and salinity stresses

Symbol | Program parameter Default
Soil evaporation
fx = Evaporation decline factor for stage 11 4
Key = Soil evaporation coefficient for fully wet and non-shaded 1.10
soil surface
Harvest Index
- = Threshold for green canopy cover below which HI can no 5%
longer increase due to inadequate photosynthesis (% cover)
Germination
- = Minimal soil water content required for germination at 20 %
sowing depth (% TAW)
Root zone
Zo = Starting depth of the root zone expansion curve (% of 70 %
minimum effective rooting depth)
= Shape factor for the curve describing the effect of water -6
stress (relative transpiration) on root zone expansion
Senescence
- = Shape factor (exponent a) for an adjustment factor of Kcby, 1
considering the drop in photosynthetic activity of dying crop
B = Decrease of p(sen) once canopy senescence is triggered (% 12 %
of p(sen))
Stresses
- = Aeration stress: Number of days after which deficient 3 days
aeration is fully effective
fadj = Water stress: Adjustment factor for the ETo correction of the 1.0
soil water depletion (p) (fraction of default FAO-
adjustment)
- = Soil salinity stress: Thresholds for water stress for stomatal affected by
closure soil salinity
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2.10 Start of the growing cycle

The start of the growing cycle is specified in the Main menu (Fig. 2.10a) by
- specifying the date, or

- generating an onset based on rainfall or air temperature.

Shart growing cycle [Dap 1 after sowing] |

22 Lprﬁif}'d&te-—' 22 »|| Mach =] 2000

e

Generate onset ——  Select critesian

Figure 2.10a
Panel in Main menu where the start of the growing cycle is specified

2.10.1 Specified date

The user specifies the first day of the observed or planned start of the growing cycle (i.e.
the first day after sowing or planting). If the selected climatic data is linked to a specific
year, the start of the growing period is also linked to that year. If the climatic data
consists of several years, the start of the growing period occurs in the first year of the
climatic data set. The year can be adjusted in the panel.

2.10.2 Generated onset

= Onset generated based on rainfall

In rainfed cropping, sowing or planting is typically determined by rainfall events. By

clicking on the <Select criterion> commanding the Main menu, the Onset based on

rainfall menu is displayed (Fig. 2.10b). By selecting one or another criterion, the start of

the growing cycle is determined by appraising the rainfall data specified in the selected

Rain data file. By specifying the first and last day in a ‘Search window’, only rainfall

within the specified window is evaluated. The following criteria can be selected to

determine the onset of the growing cycle:

- cumulative rainfall since the start of the search period is equal to or exceeds the
preset value;

- observed rainfall during a number of successive days is equal to or exceeds the
preset value;

- 10-day rainfall is equal to or exceeds the preset value;

- 10-day rainfall exceeds the preset fraction of the 10-day ETo.

The last two options are particular useful if only 10-day or monthly rainfall is available.
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The first occurrence of the onset date is the first date for which the selected criterion
holds. The next 10 occurrences of onset days are displayed when clicking on the <Next
days> command. When the start of the rainy season is not certain at the first occurrence
of the selected criterion, selecting one of the displayed next occurrences or specifying a
more stringent criterion might avoid early canopy senescence and a complete crop failure
after germination.

Onset: next occurrences: i |EI|£|

——%<< Selected
Dap 1 after sowing

Onset day

first ococurrence
= 1st |8 September 2000

Onset based on rainfall or air temperature next 10 occurrences
E— {*  2nd |25 September 200101
Mode  Rainfal criteria | Temperature critelial Climate files I 1
 3d |2 October 2000 |
= |
Onset generated based on rainfall ¢ 4th [30 December 2000
Search window (-I- 5lh| —
[1 January 1973 = 31 Mayp 2002 |
" Gth | HioHE
# Start search at | 1 j | August j | 2000 ('I' Zth I N
# Stop searchat |31 ~| [December ¥ | 2000 P e
I
‘ & Blhl nane
— Criteria ]
= 10th E
" Curnulative rainfall since stark s at least ... a0 I nen
= 11th
% Sum of rainfal inal 5 - day period: . oatleast....... 30 I .
= Rainfall in decade [10-day period): ..o atleast ...
" Rainfall in decade at least.......... 0.50  EToin the decade
| @ Accept |
— Onset

13t occurnence

22| |8 September 2000

—[sz.,[\t.iﬁ;?wmg s | Accept | 8 September 20 l“

I x Cancel | i Main Menu I— [Sowing 8 September 2000] |

Figure 2.10b
Onset based on rainfall menu where the onset of the growing period is determined
by the exceedance of 25 mm of rainfall in a period of 5 successive days,
counting from 1 August 2000 (start of the search window)
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= Onset generated based on air temperature

Climate change is likely to increase the air temperature in many regions. To estimate the
planting dates for future years for spring crops in cool climates, AquaCrop offers the
possibility to generate the sowing/planting date based on air temperature. By selecting
one or another criterion, the likely planting/sowing date is generated by appraising the air
temperature data specified in the selected ‘Air temperature’ data file. By specifying the
first and last day in a ‘Search window’, only temperature data within the specified
window is evaluated (Fig. 2.10c).

Onset based on rainfall or air temperature ) - 0] x|

Mode | Rainfallcrieria  Temperature criteris | Climate fies |

Onset generated based on air temperature

Search window
’71 January 2036 = 21 December 2065

# Startsearchat [ 1 =] | Jawaw x| | 2080
# Stop searchat | 1 ¥| | May x| | 2080

‘ |— Crop
— Criteria | Base temperature:....... 5E*C

" Sum of Graowing Degrees in a I 7 - day period: .. at least I 30.0  degree-days

at Ieast...l 2000 degree-days

|
— Onset

_ 1st occurrence

%g 26 February 2050

Lifﬁaﬁﬁ““ 9 _| ncospt | 26 February 2060

| x Cancel | = Main Menu I— [Sowing 26 February 2050)

Figure 2.10c — Selection of a temperature criterium
in the Onset based on rainfall or air temperature menu

The following criteria can be selected to determine the onset of the growing cycle based

on air temperature:

- The daily minimum air temperature, in each day of a given number of successive
days, is equal to or exceeds a specified minimum air temperature;

- The daily average air temperature, in each day of a given number of successive days,
is equal to or exceeds a specified average air temperature;

- The sum of Growing Degrees in a given number of successive days is equal to or
exceeds the specified growing degree days;
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- The cumulative Growing Degrees since the start of the search period are equal to or
exceed the specified growing degree days.

The first occurrence of the onset date is the first date for which the selected criterion

holds. The next 10 occurrences of onset days are displayed when clicking on the <Next
days> command.
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2.11 Irrigation management

The selected irrigation management can be displayed in the Display of irrigation
management menu and updated in the Irrigation management menu (Fig. 2.11a).
Various irrigation modes can be considered in AquaCrop. One opts for (i) rainfed
cropping (no irrigation in season), (ii) the determination of Net irrigation water
requirement, (ii1) an irrigation schedule by specifying the events or (iv) the generation of
an irrigation schedule by specifying a time and depth criterion.

Irrigation managemenkt = |EI|1|
Generation of irrigation schedule

Mode Ilnigationmethod | Time and Depth criteria |

- Mode (for growing cycle)

= Rainfed crapping [na imgation in seasan]

" Determination of et imgation water requirement

i Imigation Schedule
Timing and Depth of each event are specified by the uzer

@ ‘Generation of Irrigation Schedule:
Timing and Depth are determined by selected criteria

File I[None]

‘ x Cancel | > Main Menu | E Save on diskl

Figure 2.11a
The selection of the mode in the Irrigation management menu

2.11.1 No irrigation (rainfed cropping)

When selecting this option, no irrigations will be generated when running a simulation.

2.11.2 Determination of net irrigation water requirement

When selecting this option, AquaCrop will calculate during the simulation run the
amount of water required to avoid crop water stress. When the root zone depletion
exceeds a given threshold value (50% of RAW is the default), a small amount of
irrigation water will be stored in the soil profile to keep the root zone depletion just above
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the specified threshold. The threshold for the allowable root zone depletion can be
adjusted.

The total amount of irrigation water required to keep the water content in the soil profile
above the threshold is the net irrigation water requirement for the period. The net
requirement does not consider extra water that has to be applied to the field to account for
conveyance losses or the uneven distribution of irrigation water on the field.

2.11.3 Irrigation schedule (specified events)

The user specifies the date, application depth and water quality for each irrigation event
(Fig. 2.11b). The irrigation depth refers to the net irrigation amount. Extra water applied
to the field to account for conveyance losses or the uneven distribution of irrigation water
on the field should not be added.

=Y
Irrigation schedule
fode | Inigation methad I mgation events |
Irrigation water quality -Imudfuate 'I_
Add | I 1 ‘ievents ’7 EEwl 1.0 @dSHm —_‘
= * aszigh
—| Diap Mo 1 -dayp 1 after sowing: 22 March 2000
thlm? Depth? Ilulalil_l,l
Event Date Dayp Ma. |Net application [rmm] | dS./m |ﬂ
1 31 March 2000 10 51] 1.0
10 April 2000 50 1.0
20 Apil 2000 1] 1.0

30 April 2000 50 12

10 kap 2000 50 1.4

20 kap 2000 50 16

50 14

3 June 2000

Canopy Cover |
Plaot events |

20

a0

40

50

=]

a0

Clear &1l Events |

Dap Mo 125 - maturty: 24 July 2000

‘ x Cancel | = Main Menu | E Save on diskl

o) | | M ) L3 D

i

Figure 2.11b
Specification of the time, application depth and water quality for irrigation events
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2.11.4 Generation of irrigation schedules

At run time irrigations can be generated by specifying a time and a depth criterion. The
time criterion specifies “‘When’ an irrigation has to be applied while the depth criterion
determines ‘How much’ water has to be applied. After the selection of the criteria the
values linked with the time, depth criteria and water quality have to be specified (Fig.
2.11c). The values specified at a specific day of the cropping period will be valid till the
date where another value is specified or to the end of the cropping period when no values
at later dates are specified. As such one can adjust the values to crop development or the
time in the season. In Figure 2.11d the generated irrigation schedules as defined in Figure
2.11c is presented.

The time and depth criteria with their corresponding parameters that need to be specified
are listed in Tables 2.11a and 2.11b.

Irrigation management = |EI|£|
Generation of irrigation schedule
Mode | Imigation method  Time and Depth criteria |
[ lirigation water quality
Depth Criteria good ad
i . " Back to Field Capacity il
EL, I 0.5 d5 4
T'me_l:"t_e"a <|V * Fixed net application it E A
% Fixed interval
= Alloveable depletion [mim water]
(" Allowable depletion [ af Ratw)
Diap Mo, 1 - dayp 1 after sowming: 22 March 1979 * S
valid FnIJm 'w"hlen 7 Depth ? lJll.laIit_v
Date Day Ma. ||nterval [daws] |Depth [rrr] | dS¢m Iﬂ
22 March 1973 1 40 40 04
; 1 Map 1579 4 ¥ 40 0.5
Growing cycle
m 15 July 1579 116 100 40 o]
Canopy Cover |
Thresholds |
=l
|-| Diay Mo, 125 - maturity: 24 July 1979 }J Clear All Events |
‘ X Cancel | = Main Menu | H saveon diskl

Figure 2.11c
Specifying an irrigation schedule
where the fixed irrigation interval (time criterion) varies over the season,
while the fixed irrigation application depth (depth criterion) remains constant,
and the irrigation water quality deteriorates
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| no | irrigation interval: 7 days | no |

| irrigation applied irrigation amount: 40 mm irrigation
DNr1 DNr 41 DNr 116 DNr 125
22 March 1 May 15 July 24 July
sowing maturity

Figure 2.11d
Generated irrigation schedules as defined in Figure 2.11c.

Table 2.11a

Time criteria with corresponding parameter

Criterion Parameter

Fixed interval (days) Interval between irrigations (for example 10 days)
Allowable depletion Amount of water that can be depleted from the root zone
(mm water) (the reference is soil water content at field capacity) before

an irrigation has to be applied (for example 30 mm)

Allowable depletion Percentage of RAW that can be depleted before irrigation

(% of RAW) water has to be applied (for example 100 %)

Table 2.11b

Depth criteria with corresponding parameter

Criterion Parameter

Back to Field Capacity | Extra water on top of the amount of irrigation water
(+/- extra mm water) required to bring the root zone back to Field Capacity. The

specified value can be zero, positive or negative:

= zero : the applied irrigation will bring the soil water
content in the root zone at Field Capacity (reached at
the end of the day);

= positive: an over irrigation is planned for example for
leaching purposes (for example + 20 mm);

* pegative: an under irrigation is planned for example to
profit from expected rainfall (for example — 10 mm)

Fixed application depth | Net irrigation application depth
(mm water)
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2.11.5 Irrigation method

Many types of irrigation systems wet only a fraction of the soil surface. Since only part of
the soil surface is wetted, less water evaporates from the soil surface after an irrigation
event. By selecting an irrigation method, an indicative value for the fraction of soil
surface wetted is assigned (Tab. 2.11c). The user can alter the value if more specific
information is available from field observations.

Table 2.11c
Indicative values for the fraction of soil surface wetted for various irrigation
methods

Irrigation method Soil surface wetted (%)
Sprinkler irrigation 100

Basin irrigation 100

Border irrigation 100

Furrow irrigation (every furrow), narrow bed 60 — 100

Furrow irrigation (every furrow), wide bed 40 - 60

Furrow irrigation (alternated furrows) 30-50
Trickle/Drip - Micro irrigation 15-40
Subsurface drip irrigation 0

2.11.6 Irrigation water quality

Since the quality of the irrigation water can alter during the season, it has to be specified
for each irrigation event (see 2.11b and 2.11c). The quality is expressed by the electrical
conductivity of the irrigation water (EC,) in deciSiemens per meter (dS/m). When the
quality of the irrigation water remains constant over the crop cycle the constant EC,, can
be assigned for all irrigation events. Indicative values for EC,, for various classes of
irrigation water are listed in Table 2.11d.

Table 2.11d
Indicative values for the quality classes of the irrigation water (ECy,)
Range of EC,, Class
Electrical Conductivity (dS/m) Quality of irrigation water
0.0 ... 0.2 excellent
03 ... 1.0 good
1.0 ... 2.0 moderate
2.1 ... 3.0 poor
>3.0 Very poor
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2.12 Field management

The selected field management can be displayed in the Display of field management
menu and updated in the Field management menu (Fig. 2.12a). Options of soil fertility
levels and practices that affect the soil water balance are specified in this menu.

B Ficld management = =10

Desrpton | Eoifertity | Mulches | Fiald surfecs praciices |

[ x Carizel | ﬂprn;u.‘un srtinegs I H Cewa ondik

Figure 2.12a.
Field management menu

2.12.1 Soil fertility

For limited soil fertility, the biomass production declines as result of the effect of soil
fertility on (i) canopy development (CC) and hence on crop transpiration and on (ii)
biomass water productivity (WP*). The maximum biomass production that can be
expected as a result of soil fertility stress is specified by:

- selecting one of the classes ranging from non limiting to very poor (Tab. 2.12a), or

- specifying directly the biomass production in the Field management menu.

The selected biomass production is the production that can be expected for the given
climatic conditions in absence of any other stresses. The crop response on soil fertility
will be different if additionally stresses occur during the season.

AquaCrop displays for the selected maximum biomass production (i) the canopy
development, (ii) the water productivity corresponding to the amount of biomass
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produced, (iii) the expected maximum biomass production, (iv) the calibrated biomass —
stress relationship, and (v) the adjusted values for particular cop parameters (Fig. 2.12b).

Table 2.12a

Classes, corresponding default values, and ranges for soil fertility.

Class Default value Range

Non limiting 100 % 99 — 100 %

Near optimal 80 % 76 — 98 %

Moderate 60 % 56-75%

About half 50 % 45 -55 %

Poor 40 % 35-44 %

Very poor 25 % 34 -20 %
Field management —1o] x|

Description Sl fertiity | tulches | Figld surface practices I

Biomass production [about hait  ~][ 50 2%

MNon limiting - 50 effect |

Comrezponding N it ikl

Moderate

Info Canopy | Water Productivity

Biomaszs production Greef Canopy development

I 1oz CCv=80% at . 50 days
I o CCx=d48% al... B0 days

I x Cancel | $ Program settings | = Main Menu | E Save on disk |

Figure 2.12b
Display of the crop response
for the selected biomass production in the Field management menu
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The biomass — stress relationship (Fig. 2.12c), calibrated in the Crop characteristic
menu, determines the corresponding soil fertility stress and as such the values for the
stress coefficients (Ksexp f, Kswp, Ksccx, fepectine)-

Field management ;I.D_lﬁ.l

Description 5ol fertility | ulches | Field surface practices I
Biomass production [XHErTme -|[ o 2|z
L

Correszponding soil Fertiltip stress - 50 % effect |

Info I Canopy I “/ater Productivity I Biomass Blomass - Stress |

100 %

Biomass T

=
ixd
ra
=
g

0% B0 80 100 %
Soil fertility stress

I x Cancel | $ Program settings | = Main Menu | E Save oh disk |

Figure 2.12¢
Display of the calibrated Biomass - stress relationship
in the Field management menu
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2.12.2 Mulches
Mulches covering the soil surface will affect soil evaporation. Depending on the type of
mulches and the fraction of the soil surface covered, the reduction in soil evaporation
might be more or less substantially. The user specifies:
- the degree of soil cover;
- the type of surface mulches.
o Synthetic plastic mulches, which reduce completely the evaporation of water
from the soil surface (100 %)
o Organic mulches, which consists of unincorporated plant residues or foreign
material imported to the field such as a straw, and reduce the soil evaporation
by 50%,
o User specified mulches, for which the reduction in soil evaporation losses
needs to be specified by the user.
The corresponding total reduction in soil evaporation and the relative soil evaporation (or
soil water evaporation coefficient and crop transpiration coefficient), are displayed (Fig.
2.124d).

Field management o ] 4]
Description | Soil fertiliy tulches | Field surface practices I
- Surface Mulches: 76 % cover

Soil i — Type of surface mulches
Evaporation

I organic plant matenials j
reduction of evaparation losses........ 50 %

Percentage of zoil suface covered || 75 E =

Total Beduction in Soil evaporation..... 38 %

Flot———————————
% Relative zoil evaparation
" Coefficients Ke and Kc[Tr]

|— reference [100 %] = non covered, bare, wet soil suface r S CC (100 % biomass produstion] |

100 %

Erel 80% N S
and 60 % --aaan -SSR 3
CC A0 7 - ASE e e e S e e S e s s s S z

T I T

____________ Growing cycle (days) ...

I x Cancel | $ Program settings | = Main Menu | E Save on digk |

Figure 2.12d
Display of the effect of mulches on soil evaporation
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2.12.3 Field surface practices

Field surface practices and soil bunds might prevent that part of intense rainfall or

excessive irrigation will be lost as surface runoff:

- If ploughing or tillage practices, such as soil ridging or contours, eliminate run-off of
rain water, the user can switch off the run-off procedure. However runoff will still
occur if rain or irrigation events exceed the infiltration rate of the top soil layer. Only
if the excess of rain or irrigation water can be stored on the field between soil bunds
the surface runoff will be completely inhibited.

- Soil bunds are built to store water on the field (as is the case in rice paddy fields).
When bunds are present, the user specifies the height of the bunds (Fig. 2.12e).

Field management i ]
Ea

Description | Soil fertiliy | Mulches Field suface practices I

Surface Runoff occurence

" Yes
* Mo ... ploughing practices, ridges. etc. preventing surface runoff
Soil Bunds

& Yes— | i Water storage on top of field
Mo Bund height I 0.30 meter

I x Cancel | ﬂ Program settings | = Main Menu | E Save oh disk |

Figure 2.12¢
Selection of soil bunds as field management
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2.12.4 Program settings
From the Field management menu the user has access to the program setting of field
parameters listed in Table 2.12b.

Table 2.12b
Program settings affecting soil evaporation

Symbol | Program parameter Default

= Soil depth from which evaporation can extract water out of the 30 cm
top of the soil profile
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2.13 Soil profile characteristics

The selected characteristics of the various soil horizons and of the soil surface layer, the
presence of a restrictive soil layer that might block the root zone expansion, and the
maximum possible capillary rise are displayed in the Display of soil profile
characteristics menu and updated in the Soil profile characteristics menu (Fig. 2.13a).

Soil profile characteristics 1 - o] x|

Description l Characterniztics of soil horizons i Soil surface i Restrictive soil layer Capillary risei

File |DEFAULT.SOL

Description

IDeep loamy soil

I X Cancel | a& Program zettings I E= Main Menuql H save a: |

Figure 2.13a
Soil profile characteristics menu

2.13.1 Soil horizons and their physical characteristics

The soil profile can be composed of up to five different horizons, each with their own
physical characteristics. The soil data consist of the various soil horizons, their
volumetric water content at saturation, field capacity, and permanent wilting point, and
their hydraulic conductivity at soil saturation.

= Soil water content at saturation, field capacity and permanent wilting point
- Saturation. When the total pore volume is filled with water, the soil water
content is at saturation. Such conditions are rather uncommon in the root zone due
to entrapped air and vertical drainage. Saturated conditions generally only exist
when the groundwater table is in or near the root zone.
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- Field Capacity is the quantity of water that a well-drained soil would hold
against the gravitational forces. It is the upper limit for the plant extractable water.
Although the soil matric potential at field capacity varies somewhat with the soil
type and environmental conditions, the water content at a matric potential of —10
kPa (pF 2.0) up to — 33 kPa (pF 2.5 or 1/3 bar) is often considered as field
capacity.

- Permanent Wilting Point is the soil water content at which plants stop extracting
water and will permanently wilt. It is as such the lower limit of the plant
extractable water. Although permanent wilting point may somewhat vary for
different crops, plant age and root distribution it is generally accepted that the soil
water content at a matric potential of —1.5 MPa (pF 4.2) is a representative value
for the permanent wilting point.

= Saturated hydraulic conductivity (K,). The hydraulic conductivity expresses the
property of the soil to conduct water through a soil. When the soil is saturated all
pores are filled with water and the value for the hydraulic conductivity is at its
maximum. The saturated hydraulic conductivity or permeability defines the rate for
the soil layer to transmit water through the saturated soil under the influence of
gravity.

= Total Available soil Water (TAW) and drainage coefficient (tau). From the
specified hydraulic characteristics, AquaCrop determines for each soil horizon the
total amount of soil water (TAW) that is available for crop transpiration and the
drainage coefficient (tau). TAW is the amount of water held in the soil between field
capacity and permanent wilting point. The dimensionless drainage coefficient is used
for the simulation of the downward water movement in the soil profile (Chapter 3).

2.13.2 Indicative values for soil physical characteristics

The amount of water remaining in the soil at saturation and field capacity varies with the
soil texture, organic matter content and structure. The clay and organic matter content of
a soil horizon predominantly define its soil water content at permanent wilting point. The
saturated hydraulic conductivity (Ks,) does not only vary between soil types, but even for
one specific soil type, a typical K, value does not exist. Even in a single field, it is not
uncommon to measure rather important variations for Ky, in space and time as a result of
variations in soil structure, bulk density, biological activity and soil management.

The user can make use of indicative values provided by AquaCrop for various soil
textural classes (Tab. 2.13a), or import locally determined or derived data from soil
texture with the help of pedo-transfer functions (Box 2.13). The values presented in Table
2.13a or derived with the help of pedo-transfer functions are only indicative values. They
are not intended to replace measurements.

By selecting the <Update list of soil type characteristics> command in the Soil Profile
characteristics menu, the indicative values for the soil hydraulic characteristics can be
updated and soil types can be added or removed from the list. The characteristics are
stored in the file ‘SOILS.DIR’ of the AquaCrop directory.
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Table 2.13a

Default soil physical characteristics for various soil types (listed in Soils.DIR)

Soil type soil water content Saturated

Saturation Field Permanent hydraulic

Capacity Wilting Point | conductivity
vol % vol % vol % mm/day

Sand 36 13 6 1500
Loamy sand 38 16 8 800
Sandy loam 41 22 10 500
Loam 46 31 15 250
Silt loam 46 33 13 150
Silt 43 33 9 50
Sandy clay loam 47 32 20 125
Clay loam 50 39 23 100
Silty clay loam 52 44 23 120
Sandy clay 50 39 27 75
Silty clay 54 50 32 15
Clay 55 54 39 2
Box 2.13

Soil water characteristics derived from pedo-transfer functions available in the

Hydraulic Properties Calculator
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Calculator developed by the USDA Agricultural Research Service in cooperation with
the Washington State University (Keith E. Saxton: ksaxton@wsu.edu) available at
Internet: http://http//hydrolab.arsusda.gov/soilwater/Index.htm
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2.13.3 Characteristics of the soil surface layer

When specifying soil data for the top horizon, default values for the Curve Number (Tab.

2.13b) and the Readily Evaporable Water are derived and displayed (Fig. 2.13b).

- The Curve Number (CN) is required for the simulation of the surface runoff (see
Chapter 3) and its value refers to the value for antecedent moisture class II (AMC II).

- The Readily Evaporable Water (REW) expresses the amount of water that can be
evaporated from the soil surface layer in the energy limiting stage (see Chapter 3).

The user can specify other than the displayed default values for CN and REW if specific

information about the soil surface is available.

Table 2.13b
Default CN values for various saturated hydraulic conductivities of the top horizon
Saturated hydraulic conductivity (Kg,¢) CN default value
mm/day for AMC 11
> 250 65
250 -50 75
50-10 80
<10 85
o/

[escription I Characteristics of soil horzons  Soil surface | Restictive soil layer I

Surface runoff

— Curve Mumber

CN IT specified by zoil bype,

zlope, land uze and cower

Default value [CH = B5)

Soil evaporation _
— Rieadily Evaporable YWater

REW | 7 ~| mm

Drefault waluz (100 mm)

evaporating
z0il surface laper
0.04 m

| x Cancel | $ Program settings | = Main Menu I B Save az |

Figure 2.13b
Characteristics of the soil surface layer
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2.13.4 Restrictive soil layer

If an impermeable soil layer blocks root development, the user specifies its depth (Fig.
2.13c). The root zone expansion is halted once the restrictive soil layer is reached (see
2.9.2 Development and 2.9.3 Evapotranspiration). If also water movement is hampered

depends on the specified characteristics of the soil horizons below the restrictive layer
(section 2.13.1)

Soil profile characteristics i ] 4

Description | Characteristics of soil horizons | o suface  Restrictive soillayer |

Restrictive soil layer
blocking root zone expansion

= Mo restrictive soil layer

(* Restrictive layer at | 1.00 E‘ meter

’ x Carcel | a Program settings | = Main Menu | E Save as |

Figure 2.13c
Restriction soil layer blocking root zone expansion
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2.13.5 Capillary rise
In the ‘Capillary rise’ tab sheet the user can study the maximum possible upward flow to
the top soil for various depths of the groundwater table (Fig. 2.13d). If the water potential
gradient in the soil profile is not strong enough, the capillary rise will be smaller than
indicated (see Chapter 3).

Soil profile characteristics o] x|
Dezcription I Characternistics of zoil horizans | Soil surface | Fiestrictive zoil layer  Capillary rise |
Plat ; ;
) Capillary R
™ Evaporation zone 1 maimum - 0.30m | 00 20 :pnl 4 EIEE a Dmm{l%adv
v FRooting depth —=—1—{ maximum : 1.00m | soil surface | . : : : .

|
Capillary rise
from grounwater table

calibrate

zandy loam

I 1 ||

lmvarm .
—zﬂﬂ —em

Calibration — Parameters | —5m

Depth groundwater table

below soil surface........... =
| x Cancel | éﬁ Program settings | = Main Menu | E Save az |

Figure 2.13d - The Capillary rise tab sheet in the Soil profile characteristics menu

The maximum possible capillary rise is calculated with an exponential equation (Chapter
3). The default a and b parameters, describing the capillary rise for each soil horizon, are
obtained by considering the class of the soil type and the saturated hydraulic
conductivity. With the spin buttons the user can calibrate the a and b parameters for each
soil horizon and match the observed maximum possible upward flow with the simulated
and plotted capillary rise. By selecting the <Parameters> button, the calibrated and
defaults values for the a and b parameters are displayed. By hitting on the <Reset>
button, the user undoes the calibration and the a and b parameters are reset at their default
values.
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2.13.6 Program settings

From the Soil profile characteristics menu the user has access to the program settings
affecting the simulation of surface runoff, soil salinity and capillary rise (Tab. 2.13c).

Table 2.13¢
Program settings affecting surface runoff and soil salinity

Symbol | Program parameter Default
Surface runoff
= Adjustment of the CN value to the relative wetness of the Yes
topsoil (The CN values for the three different antecedent
moisture classes (AMC) are displayed)
= Default thickness of the topsoil that will be considered for the 30 cm
determination of its wetness (required for the determination of
AMC)
Soil salinity
= Salt diffusion factor (expressing the capacity of salt diffusion 20 %
in the soil matrix
= Salt solubility 20 g/liter
Capillary rise
= Shape factor for effect of soil water content gradient on 16
capillary rise
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2.14 Groundwater characteristics

The selected characteristics of the groundwater can be displayed in the Display of
groundwater characteristics menu and updated in the Groundwater characteristics
menu. The user can choose between the presence or the absence of water table. The
considered characteristics of the groundwater table are its depth below the soil surface
and its salinity.

2.14.1 Constant depth and salinity

If the characteristics remain constant during the season the user specifies the deptjh and
salinity of the groundwater table (Fig. 2.14a). The characteristics are graphically
displayed in the Plot tab sheet.

Groundwater characteristics i o =]

Description Groundwater table | Flat I

- Groundwater table
. " Warying in depth and/ar zalinity

* Constant depth and zalinity

Charactenstics of groundwater table

Depth I 200 E meter below soil surface
Saliniy [ 0.0 | 4] dS/m

| X Cancel | = Main Menu | H 5ave on disk |

Figure 2.14a — Specifying the constant characteristics of a groundwater table
in the Groundwater table tab sheet of the Groundwater characteristics menu.
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2.14.2 Characteristics vary throughout the year(s)

The characteristics can vary throughout the year. The characteristics are specified in the
Groundwater table tab sheet (Fig. 2.14b and 2.14d) and graphically displayed in the Plot
tab sheet (Fig. 2.14c and 2.14e). The characteristics of the groundwater table for days

between specified day numbers will be obtained at run time by means of linear
interpolation.

= Characteristics are not linked to a specific year
If the characteristics are not linked to a specific year, linear interpolation also applies
between the characteristics specified on the last and first day number (Fig. 2.14b and

2.14¢).
Groundwater characteristics 1ol x|

Description  Groundwater table | Plot I

- Groundwater table

* Warying in depth and/or salinity

{* Present 5
~ Absent " Canstant depth and zalinity
Salinity of groundwater
Add | [ =] observations {Ecgwd 00 [2]dS/m n

— First day of observations |
W Mot linked bo a specific pear

aszigh
— I 1 ﬂl Januay <] ¥ |
Clase | When?  Depth  Salinity

day numberl rieter | dSdm |
1 1 March 50 1.00 1.0
2 10 &pril ] 1.50 20
3 19 July 200 200 30
4 27 October 300 1.30 1.0
5

Clear observation: |
I X Cancel | = Main Menu | H save as |

Figure 2.14b - Specifying the variable characteristics of a groundwater table not linked
to a specific year in the Groundwater characteristics menu.
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Groundwater characteristics ] = [O] =]

Description | Groundwater table  Flot |

[ - |
~ ‘ growing cycle
Jan  Feb Mar  Apr May Jun Jul Aug Sep Oct Mow  Dec

\.
i i
Ty \ dap 1
i £ after sowing
"\ P‘ _______________
“#

matunity
Groundwater
Depth 1 mi—
2m-
am-
dm
Groundwater
Salinity 4
EE
(dS/m)

| X Cancel | = Main Menu | H save as |

Figure 2.14¢ — Graphical display of the variable characteristics of a groundwater table
not linked to a specific year in the Groundwater characteristics menu.
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= Characteristics are linked to specific year(s)
If the characteristics are linked to specific year(s), linear interpolation is only applied
between the characteristics specified on the day numbers (Fig. 2.14d and 2.14e). The
characteristics for days before the first specified day number are identical to the
characteristics specified on the first day number. The characteristics specified on the last

day number remain valid for all successive days.

Groundwater characteristics

Description  Groundwater tahle | Plot I

: ~lolx|

- Groundwater table

{+ Warying in depth and/or salinity
o~ :Absent " Canstant depth and zalinity

Salinity of groundwater
Add | [ =] observations {Ecgwd 00 [2]ds/m N

— First day of observations
[T Mot linked ko a specific pear

1 I 1 jl January jl 2000 * e
Close | Whlen ? Depth Salinity
day numberl meter | dS/m |ﬂ
1 13 February 2000 50 1.00 1.0
2 9 April 2000 1ao 2.00 20
3 18 July 2000 200 3.00 30
4 26 October 2000 200 1.50 17
5 3 February 2001 400 0.80 07
B 14 May 2001 500 1.50 05 LI

Clear observations |

I X Cancel | 1= Main Menu |

H saveas |

Figure 2.14d - Specifying the variable characteristics of a groundwater table linked to a
specific year in the Groundwater characteristics menu.
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Groundwater characteristics 1 =] 3]

Diescnption I Groundwater table ~ Plat |

[T ~ | 2000 [ 2]
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Jan  Feb Mar  Apr Map Jun  Jul Aug  Sep  Oct Moy Dec

day 1
after sowing

raturity
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f \."(\ L~ '\
¢ N F N

e

A s
e a0 & Pl
Groundwater
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% %,
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Salinity 4
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| x Cancel |

1= Main Menu | Hsaveas |

Groundwater characteristics ) -0l x|

[rescription I Grou

ridwater table  Flat |

@W@

growing cycle
Jan  Feb Mar  Apr May Jun Jul  Aug  Sep Oct Mov Dec
day 1
after sowing
_______________ =

maturity

Groundwater W %
Depth 1m-
2m-
3m-
4m
Groundwater
Salinity 4
EC
{dS/m)

D_

| x Cancel |

= Main Menu | H save as |

Figure 2.14e — Graphical display of the variable characteristics of a groundwater table
linked to specific years (2000 and 2001) in the Groundwater characteristics menu.
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2.15 Simulation period

The selected simulation period for a simulation run can be displayed in the Display of
simulation period menu and adjusted in the Simulation period menu (Fig. 2.15). The
length of the growing cycle and range of available climatic data is given as a reference in
the menu.

Simulation period - |EI|5|
Growing cycle T
125 days
From 22 hdarch 2004 ... day 1 after sowing
To 24 Julp 2004 o maturity

~ Simulation period —— =
125 days simulation period
¥ linked to growing cycle

‘ From |22 jl March jl 2004 | day 1 after sowing

= ) | To |24 jl.luly jl 2004 ... at maturity

Simulation.

Graphical display [time axis]
|7C|imale ...........

From 1 Januan 2004
To 31 December 2004

File LosBanos.CLI

|' Available climatic data S——

] % concel |
Figure 2.15

Specification of the simulation period in the Simulation period menu

The user adjusts the range of the simulation period by specifying the first and last day,
month and eventually year. The simulation period can be shorter, longer or linked with
the growing cycle as long as the period does not exceed the range of climatic data. If no
climate file is selected, the user can select any simulation period but will have to specify
the climatic data at run time.

The graph in the menu displays on a time axis (i) the length of the cropping period

(Crop), (ii) the selected simulation period (Simulation), and (iii) the length of the period
for which climatic data is available (Data).
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2.16 Initial conditions

The information used by AquaCrop at the start of each simulation run can be displayed in
the Display of initial conditions menu and adjusted in the Initial conditions menu (Fig.
2.16a).

Initial conditions o ] 1|

Description  Initial soil water and salinity content | wiater between soil bunds |

Specify soil water and salinity content
’7 @' at particular depths (linear interpolation applied)

" for specific layers

|
|| 5 'I depth(s) considered Soil water profile | Seil saliity profile |
Soil water Sail ) .
depth content  salinity Soil water profile
m vol % dS/m zail water content wol 2
1 [o7o [2200 [0 ‘ S e g
z [n23 | 1500 | nsn
3 | 045 34.00 0z0 o Put zoil profile
T at ...
4 |0EE 15.00 010
Saturati
5 [1.00 000 | oo vanm &I

Field Capacity |
0.60 m Wilting Point |

(.80 m ZTAW = . |

1.00 m

| x Cancel | %\‘{ Program Settings | = Main Menu |

Figure 2.16a
Specification of the initial soil water content in the Initial conditions menu

2.16.1 Initial soil water content

The soil water content at the start of the simulation run can be adjusted by (i) specifying
the soil water content at particular depths of the soil profile, (i1) specifying it for specific
layers, or by (iii) setting the whole soil profile at Saturation, Field Capacity, Wilting
Point, or at specific percentage of TAW (Total Available soil Water).

The initial soil water conditions are strongly determined by the climatic conditions (ETo
and Rain) and irrigation applications in the period before the simulation period. If the
simulation period starts at the end of a very rainy season, the soil water content of the soil
profile might be close to field capacity. If the simulation starts in the hot dry season, the
topsoil might be wet by pre-irrigation but the subsoil will be dry and the water content
close to wilting point.
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2.16.2 Initial soil salinity

The soil salinity at the start of the simulation run can be adjusted by by (1) specifying the
Electrical Conductivity of the saturated soil-paste extract (ECe) at particular depths of the
soil profile, (i1) specifying it for specific layers, or by (iii) setting the whole soil profile at

a specific ECe (Fig.2.16b).

Initial conditions

Diescription  Initial sail water and salinity content | W ater bebween soil bunds |

Specify soil water and salinity content
’7 * at particular depths (linear interpolation applied)

= for specific layers

|
“ 5 'I depth(s) considered

Soil water Soil
depth cohtent zaliity
m wvol % d5/m

1 [070 [z [1m0 »
2 (029 {1500 | n&o
3 045 34.00 0.20
4 |0EE 16.00 010
5 [1.00 1000 0.00

Soil water profile

(

Soil zalinity profile

ECe [zaturated zoil-paste extract] d5/m

=10l x|

Sail zalinity profile

T
0o

05 10 15 20

— <= get ECe at |

I x Cancel | &g Program Settings | = Main Menu |

Figure 2.16b
Specification of the initial salinity in the soil profile in the Initial conditions menu
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2.16.3 Water between soil bunds

If the field is surrounded by soil bunds (see 2.12 Field management) the depth of the
water layer on top of the soil surface and its water quality at the start of the simulation
run can be specified (Fig. 2.16¢).

Initial conditions 1 =10 x|

D escription I Initial soil water and salinity content W ater between soil bunds |

soil bunds

— Water on top of [paddy] hield

Bund height 0.30 m
Water depth | 2000 mm

Wwiater quality I 0.50 dS/m

I x Cancel | E& Program Sethings | = Main Menu | E Save on dizk |

Figure 2.16¢
Specification of the depth and quality between soil bunds at the start of the
simulation period in the Initial conditions menu
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2.16.4 Program settings
In program settings the user can adjust the number and size of the soil compartments and
alter the setting assumed at the start of the simulation run.

= Soil compartments

To describe accurately the retention and movement of water and salts in the soil profile
throughout the growing season, AquaCrop divides the soil profile into small fractions
(see Soil water balance in Chapter 3). The soil profile is divided into soil compartments
(12 by default) with thickness Az (0.10 m by default). However, after the crop selection
AquaCrop will adjust the size of the compartments to cover the entire root zone if the
maximum rooting depth exceeds 1.20 meter. For deep root zones, Az is not constant but
increases exponentially with depth, so that infiltration, soil evaporation and crop
transpiration from the top soil layers can be described with sufficient detail. The
hydraulic characteristics of each compartment are that of the soil horizon to which it
belongs. In program settings the user has the option to overwrite the AquaCrop settings
by adjusting the number and thickness of the soil compartments.

= Setting at the start of the simulation run

When starting a new simulation run, the soil water content and soil salinity conditions in
the soil profile are by default reset to the specified initial conditions (see 2.16.1 and
2.16.2). This is correct when successive simulation runs are not linked in time or apply to
different fields. With the ‘Keep’ option the soil water content and soil salinity at the end
of a simulation run becomes the soil water content and/or soil salinity at the start of the
next run. This assumes that the various runs refer all to one particular field and are
successive in time (one crop after another is cultivated in the same field). It is obvious
that in such cases the user can no longer alter the soil type.
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2.17 Off season conditions

If the simulation period (see 2.15 Simulation period) is not fully linked with the growing
cycle but starts before the planting or sowing of the crop or finishes after the moment of
maturity, the management conditions outside the growing cycle needs to be considered.
The information used by AquaCrop in the off-season (such as the presence of mulches,
the occurrence of irrigation events and the quality of the irrigation water outside the
growing cycle) can be displayed in the Display of off-season conditions menu and
adjusted in the Off-season conditions menu (Fig. 2.17a and 2.17b).

2.17.1 Mulches in the off-season

The soil cover (mulches) of the fallow land before and/or after the growing cycle and the
type of surface mulches can be specified (Fig. 2.17a). The soil cover will reduce the
evaporation losses from the non-cropped land.

Off-season conditions | ;lglﬂ
Description Mulches off-seaszon | Irrigation events off-season |

Type of suface mulches
’7 I organic plant materials j

reduction of evaporation lozses. ... B0 %

Total Reduction in Sail evaporation 22 March Tatal R eduction in Sail evaporation

A 10k
Before growing cycle After growing cycle

Soil Cover [mulch)

|2I] ‘IZ

Soil Cover [mulch)

|5I] 'IZ

24 July

growing cycle

x Cancel | = Main Menu | I 5ave on disk |

Figure 2.17a
Specification of mulches in the Off-season conditions menu
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2.17.2 TIrrigation events in the off-season

Irrigation events can be scheduled before and after the growing cycle (Fig. 2.17b). This
allows the users to simulate a pre-irrigation before the sowing or planting of the crop or
to schedule irrigations out of the crop season to leach accumulated salts out of the root
zone. The quality of the irrigation water, which may differ from the quality in the season,
is specified by selecting an irrigation water quality class (Tab. 2.17) or by specifying a
value for the electrical conductivity of the irrigation water.

Off-season conditions § i ] [
Description I Mulches off-zeason Imgation events off-season I
adjustment for partial wetting
’7 Info ? | Percentage of soil surface wetted... ] I 100 'l z
Eefore cropping period I After cropping period |
Diay number 1 (DM 1] = 22 February Irrigation events
Wlhen? Depth?
Event Date Dikr |Applicati0n depth [mm)]
Irrigation water quality 1 21 March 28 50
Electrical conductivity
2
[ 0.a]Z] dsim
2]
Class I good o l
4
5

I
—| DayMumber 28 [DMr 28] = 21 March }J Clear &ll Events |

_| From 22 March
growing cycle %
L—{ To 24July —

‘ x Cancel | = Main Menu | L 5ave on disk |

Figure 2.17b
Specification of a pre-irrigation in the Off-season conditions menu

Table 2.17
Classes and corresponding default values for the quality of the irrigation water.
Class Electrical Conductivity (dS/m)
Quality of irrigation water Default value Range
excellent 0 0.0 ... 0.2
good 0.4 03 ... 1.0
moderate 1.0 1.1 ... 2.0
poor 1.7 2.1 ... 3.0
Very poor 2.5 > 3.0
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2.18 Project characteristics

When running a simulation, initial conditions applicable at the start of the simulation
period and environmental conditions relevant during the simulation period are
considered. If the simulation period does not fully coincide with the growing cycle of the
crop, off-season conditions valid outside the growing period will be considered as well.
Before running a simulation, the user can specify in the Main menu the sowing date, the
simulation period and the appropriate environmental, initial and off-season conditions
(Project file is ‘None’). The user can also load a project file containing all the required
information for that run.

Once a project file is selected, its characteristics can be displayed in the Display of
project characteristics menu and adjusted in the Project characteristic menu. Once the
project file is selected, the <Select/Create> and the <Display/Update> commands for
climate, crop, irrigation, field, soil profile, groundwater, initial and off-season conditions
are no longer available in the Main Menu (Fig. 2.18a). By clicking on the <UNDO
selection> command, one return to the default settings considered at the start of
AquaCrop (see 2.3 Default settings at start).

Main menu _l- D_lﬁl
Environment and Cro — Froject characteristics —
Climate p Sequence of 22 ing — Hunl 5] ﬂ
I."‘ag i mEELI Tunig [Tunizsia] climatic data
Crop
Growing cycle: Dap 1 after sowing: 24 September 1979 - M aturity: 7 April 1980
ﬁ fefheat CRO Default \Wheat, Calendar [Valenzano, 23Mov07]
P
Management
[Mone] Rainfed cropping
[Mone] Mo zpecific field management

Soil
—{LDAM S0L deep uniform loamy soil

[Haone) no shallow groundwater table

I
L?

Simulation Simulation period: From: 1 &ugust 1973 - To: 7 apnil 19330
\ ) e
1. 1 Cryihiet, S0 Dy top gail [10 vol%] and wet sub soil (30 val)]
3 J
X f(Mone] Mo specific off-season conditions
__/'»'.-';\\L,_
'—"-'-.-’/’//Q‘f': Hun F{{{ @ UMDO project selection
Proieci = Praject TuniswheatZ3.PRM 23 pears of Wheat in Tunis

Field data 22 Field data |—1[Nc:ne] Mo field observations
Q Exit Program |

Figure 2.18a
Main menu once a project file is selected.
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2.18.1 Single run and multiple run projects

Distinction is made between projects containing the required information for a single
simulation run (with ‘PRO’ as the filename extension) or projects consisting of a set of
successive runs, the so called multiple run projects (with ‘PRM’ as the filename
extension).

With a multiple run project the user can asses the effect of weather conditions (rainfall,
evaporative demand and air temperature) on crop development and production by
running a particular simulation for a number of successive years. A multiple run project
can also be used to simulate a crop rotation (successive crops).

A project file contains:

— the period(s) of the growing cycle (from day 1 after sowing/transplanting to crop
maturity);

— the simulation period(s): the first and last day of the simulation period need not to
coincide with the growing cycle;

— the file names (with their directory) containing the characteristics of the selected
environment (climate, crop, irrigation management, field management, soil profile,
and groundwater file);

— the file names (with their directory) containing the initial and off-season conditions;
and

— the specific program settings for the run(s).

If no file names are specified the default conditions are considered (see 2.3 Default

settings at start).
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2.18.2 Selecting and creating a project

Selecting a project

Since the single and multiple run projects have different file extensions, the list of project
files displayed in the Select project file menu depends on the selected type of projects
(Fig. 2.18b).

Select project file

SELECT file

‘ . JI‘U

{7 Single simulation min
% Successive pears [multiple minz
" Crop rabation [rultiple minz)

[ Create new Project file

= Single run projects

% Multiple runs projects
1

File: Hame

[
Selected File :

@ UMNDO selection

ITunsMhealZlPHM

‘@ Delete selected file

2% Display content |

= Dizplay/Update project characteristics

X Cancel |

= Main Menu I

Creating a project

Figure 2.18b
The Select project file menu where the user can select a project file from one of the
displayed lists of projects (single run or multiple runs projects) and can indicate
which type of project needs to be created (Single simulation run; Successive years
(multiple runs); Crop rotation (Multiple runs)

When creating a new project file, the user specifies the type of file:

Single simulation run;

Successive years (multiple runs); or
Crop rotation (multiple runs).

Reference Manual, Chapter 2 — AquaCrop, Version 4.0 June 2012

2-126



Create project (single run)
The user selects:
- the climate file;
- the crop file, and specifies
- day 1 after sowing/planting, or
- select a criterion (see 2.10.2 Generate onset) to generate an onset day (only
available if a climate file is selected);
- the irrigation file;
- the field management file;
- the soil profile file;
- the groundwater file;
- the simulation period;
- the file with initial conditions; and
- the file with off-season conditions (only available if the simulation period is not
linked with the growing cycle).
The selected crop growing cycle and simulation period are displayed by selecting the
<Calendar> command.
If no file is selected default conditions are considered (see 2.3 Default settings at start).

Create project (multiple runs) - successive years
The user selects:
- the climate file;
- the crop file, and specifies
- day 1 after sowing/planting, or
- select a criterion (see 2.10.2 Generate onset) to generate an onset day (only
available if a climate file is selected); and
- the year at which the series of successive years start;
- the common irrigation file;
- the common field management file;
- the soil profile file;
- the common groundwater file;
- the simulation period by specifying:
- day 1 of the initial run;
- the simulation period for the next runs (only available if a climate file is
selected);
- the file with initial conditions;
- the initial conditions for next runs (only available if a climate file is selected);
- the common file with off-season conditions (only available if the simulation period is
not linked with the growing cycle); and
- the number of years.
The determined crop growing cycles and simulation periods for the successive years are
displayed by selecting the <Calendar> command (Fig. 2.18c).

If no file is selected default conditions are considered (see 2.3 Default settings at start).

If the selected irrigation management, field management, and/or file with off-season
conditions are not common between the successive years, the selection can be adjusted in
the Project characteristics menu (see 2.18.3).
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Create project {multiple runs) - successive years = IEI|5|
Environment and Crop

, Climate | ‘Successive years of cultivation | Number of years | 22 E |

E | l > Calendar
Crop

Graphical display | Crop growing cycle | Simulation period |
" Irrigation |

— yealI'ISS? @ |

| 1 Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Mow Dec——IJAN_ﬂ

l Sl prafile |
—t Groundwaterl
==

—

Simulation

T— Period |
1 - sl |

X - fo-seasonl

1 crop growing cycle
I :irnulation period

[ Calendar |

| x Cancel | Create |

Figure 2.18¢c
The calendar in the Create project (multiple runs) — successive years menu, indicating
the determined crop growing cycles and simulation periods for the successive years

Create project (multiple runs) — crop rotation
The user selects:
- the climate file;
- the number of crops, and specifies for each of the crops:
- the crop file; and
- day 1 after sowing/planting (Fig. 2.18d);
- the common irrigation file;
- the common field management file;
- the soil profile file;
- the common groundwater file;
- the simulation period by specifying:
- day 1 of the initial run; and
- the simulation period for the next runs (only available if a climate file is
selected);
- the file with initial conditions;
- the initial conditions for next runs (only available if a climate file is selected); and
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- the common file with off-season conditions (only available if the simulation period is
not linked with the growing cycle).

The determined crop growing cycles and simulation periods for each of the crops of the
rotation are displayed by selecting the <Calendar> command.

If no file is selected default conditions are considered (see 2.3 Default settings at start).

If the selected irrigation management, field management, groundwater and/or file with
off-season conditions are not common in the crop rotation, the selection can be adjusted
in the Project characteristics menu (see 2.18.3).

Create project {multiple runs) - crop rotation . i = IEI|5|
Environment and Crop

p= Q- Climats | ‘ Crop rotation
[
| >>> Cro
ﬁ = | p
File managerment | Rotation calendar |
M Irrigation |
Mumber of cmpsl 3 'l
Field | Growing cycle (220
= 1. heat CRO
= il profi | Growing cycle [9Ma
LR = 2.| SugaBest.CRO
n w Growing cpcle [nat d 7 Select file |‘ Path |
%wl Drap 1 after sowingdplanting
: 22 |28 =||september x]f 1380

Simulation

? —  Period |

1 - i |

el

- Cloze |
X |— fo-seasunl

s Calendar | | X Cancell Create |

Figure 2.18d
Crop file management in the Create project (multiple runs) — crop rotation menu
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2.18.3 Updating project characteristics

In the Project characteristics menu (Fig. 2.18e), the user can:

Project characteristics

select other crop file(s), irrigation file(s), field management file(s), another soil
profile file, groundwater file(s), file(s) with initial conditions, and file(s) with off-
season conditions.

With the exception of the climate file, the soil profile file and the crop file (if
successive years are considered), the files need not to be common between the
simulation runs of a multiple runs project;

alter the start of the growing cycle;

alter the start and the end of the simulation period; and

update the program settings.

Description Errviranment and Simulation files | Calendar | Frogramm settings I

Multiple project: — Simulation run I 1 @Dut of 22

— Environment and Crop
Climate |—|7~| Tuniz. CLI Tuniz [Tunizia] climatic data |
: Growing cycle: Dap 1 after sowing: 24 September 1379 - Maturity: 7 April 1930
ﬁ Crop |—|7-| Wwheat CRO Default Wheat, Calendar [Valenzano, 23Mow07] |
Management
Irrigation v - [Hone] Fainfed cropping
n— Field |—!7— [Hane) Mo specific field management
Soil
.— Sl profile |—| - LOAM . SOL deep uniform laamy soil
‘:-_"— Groundwater |—|7— [Mone] no shallaw groundwater table
— Simulation
1 .—ﬂli Simulation period: Fron: 1 August 1979 - Tac 7 Apnl 1980
——
Conditions ——
S £ : = 7 =
1 - Initial - Dniwlet. S0 Dry top goil [10 wol%] and wet sub soil (30 wal?]
X — Off seazaon |—|7- [Mone] Mo specific off-seazon conditions
- =+

L Check if apply to all runs

x Cancel | = Main Menu |

Figure 2.18e
The Project characteristics menu
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2.19 Field data

2.19.1 Access to field data menus and data base

Next to (i) the crop selection and the description of the environment (Environment and
Crop panel), (ii) the selection of the simulation period, and the initial and off-season
conditions (Simulation Panel), and (iii) the selection or description of projects, the user
can enter field data in the Main menu of AquaCrop.

By means of the <Select/Create Observation file> command in the Main menu the user
has access to the data base where the data files are stored or can create new data files.
The default data base is the OBS subdirectory of the AquaCrop folder. With the <Path>
command the user can specify other directories.

From the Main menu the user can display the observed field data in the Display of field
data menu. This is done by clicking on the file name or the corresponding icon in the
Main menu. By selecting the <Display/Update Field data> command, the field data can
be displayed, specified or updated in the Field data menu.

Main menu _|_|- | 5'
Environment and Crop
Climate
Eﬁ Clirnate [Mane] Specify climatic data when Running AgquaCrop
Crop
Growing cycle: Day 1 after zowing: 22 March - Matunty: 24 July
Crop DEFAULT.CRO  ageneric crop
Management
Irigation [Mone] Rainfed cropping
Field [Mone] Mo specific field management

Simulation —  sinulation period I—
1 '-_l‘|_ Iritial conditionsl —— @ Select/Create Field data file I— Path |

e 23
X = ([if-zeason s (= Dizplay/Update Field data |

;?&\Q: [ Run I_{{{ Closel
PrOi ect | Project |7

Field data F|e|ddata [Hone)] Mo field obzervations

& Exit Program I

Figure 2.19a - The <Select/Create Field data file> and the <Display/Update Field
data> command in the Main menu.
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2.19.2 Specifying field data

In the Field data menu, the user specifies the observed field data which can consists of
observed green canopy cover (CC), dry above ground biomass (B) and/or soil water
content (SWC) collected at a number of specific days (Fig. 2.19b). The mean value
together with its standard deviation can be specified if various observations were made
during the sampling at a specific day. The soil water content is the total water content in a
well defined zone (e.g. root zone). Therefore the soil depth, for which soil water contents

were calculated, has to be specified.

Field data o =]
Description  Field data |
— Add | I 1 'I measuremnents
— First day of measurements
[~ Mot linked to a specific year — (e depthl 1.00 E o
|22 =] March  ~|| 2007
Green Canopy drp above-ground Soil water content
Clase | Cover [CC) Biomassz [B] [5WC)
W’hlen 2 [Z] [ton/ha] [mm water]

MHr |Date day number rmeat 3t dew meat st dew figat | st dew

1 |1 April 2007 1 50 an 3000 200

2 | 20 April 2007 ] 0.0 5.0 1.000 0.300

3 | 30 April 2007 40 A0.0 2800 280

4 |10 May 2007 50 GO0 5.0

5 |1 June 2007 T 4.000 0.200 150.0 300

£ | 19.June 2007 a0 4.400 0.300

7 | 9duly 2007 110 45.0 g0 5.000 0.500 100.0 100

8 | 19.uly 2007 120 5500 0500 100.0 100

|
Clear measurements
I x Cancel | = Main Menu | E Save az |

Figure 2.19b — Specifying observations at particular days in the Field data menu.
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2.20 Simulation run

2.20.1 Display of simulation results

Simulation results are plotted in the Simulation run menu in a number of graphs which
are updated at the end of each daily time step (Fig. 2.20a, b, c, d and e). From such plots
the user can follow throughout the simulation run the effects of water, temperature,
fertility and salinity stress on crop development and production, and switch between
several displays, each of a different set of outputs, presented in different folders. The
capacity of simulating in short time steps and switching between several folders is
particularly useful if one wants to study the effect of a particular event on a specific
parameter.

| T =
CONTINUE I— advance (" to end of simulation [24 September 1356] average
|:r: 5 daps to 24 September 1986 Sirels??s il
INPUT 19 September 1986 soil saliniby. ..o none ... none
52 2d o date |24 jISeptember jl 1386 soil Fertility.. none ... none ..
ETo = i temperature [Biomass)......... none ... none .
Fain | 0.0 mm/day OUTPUT Praduction———————— water stiesses : . i
i TR i I— - CANOPY EXPENZION. ... &l
Irri 0.0 mmiday 18 September 1986 | Biomass| 6.952 fon/ha — stomatal closure........... P el e s
watlgr _IW d5/m Yield 2942  tondha early senescence ... nang
quality ’

Climate-Crop-Sail water | Biomass | Soil water profile I Sail salinit_l,ll Climate and water balance I Praduction I Enviranment
10 mmday

Tr

tirne [day] 20 40 E0 20 100
I I | I | I | | |

Dr _| Flowwetirig

[ Omm
50

100
150
200

| 7 Mumerical output I = Main Menu |

Figure 2.20a
Graphical displays of Climate-Crop-Soil water output in the Simulation run menu

= Climate-Crop-Soil water sheet

The Climate-Crop-Soil water sheet (Fig. 2.20a) contains graphs with plots of (i) the soil
water depletion of the root zone (Dr), (ii) the corresponding development of the green
canopy cover (CC), and (ii1) the transpiration (Tr), plotted as functions of time.
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The absence of rain and irrigation during long periods might led to a drop in root zone
water content below the threshold (green line) affecting canopy expansion. This will
result in a slower canopy development than expected. In the canopy cover graph (CC) the
canopy cover without water stress is plotted in light gray in the back portion of the figure
as a reference. More severe water stress will result in stomata closure (red line), resulting
in reduced crop transpiration. In the transpiration graph (Tr), the maximum crop
transpiration that can be reached when the crop is well watered is plotted in light gray in
the back as a reference. Severe water stress might even trigger early canopy senescence

when the root zone depletion exceeds the threshold for senescence

= Sheet with selected parameter

(yellow line).

In the second sheet of the Simulation run menu, the user can select particular parameters
for further analysis (Tab. 2.20a). Several crop parameters and parameters of the soil water
and soil salinity balance can be selected and the scale for the plot can be adjusted (Fig.

2.20Db).

Simulation run

=101 x|

CONTINUE |_ advance

INPUT 19 September 1986

ETo |5.2 mm/day

'Oy I L] to 24 September 1986

days

|:f‘ to end of simulation [24 September 138E]

termperature [Biomass)........
water stresses
— CANOPY EXpansion...... =
— stomatal closure........
early SENescence ...

Stresses

sailealintycss i

{~ to date |24 leeptember jl 1986 Esgi”e{tnit}. ,,,,,,,,,,,,

e Ne L

average
crop cycle
. NORE

e NE L

Rain | 0.0 mm/day DUTPUT Production——————
Irri 0.0 mmiday 18 September 1986 | Biomass I 6552  tontha
water | vield [ 2942 tonha
quality 0.00 | dS/m

Climate-Crop-5oil water

Biomass I Soil water profile | Soil salinit_l,ll Climate and Water balance I Praduction I Erviranment

’7 Assign I»—("' Soil water balanceIDeep percolation

{+ Crop parameter IB'

g ton'ha .
. i o
|- " Sol salinity Biomazs produced [relative]
Blomass Crop trangpiration [cumulative]
| Crop tranzpiration [relative]
Growing degrees
Scale Harvest Index [HI)
R ooting depth [effective)
i ater Productivity [wF)
0 tondha Yield
tirne: [day] 20 a0 E0 a0 100 120
I I | I | I | I
SAT
Dr _| Flawsering
[ Omm
50
100
150
200

| & Mumerical autput | = Main Menu |

Figure 2.20b

Selection of a parameter for display in the Simulation run menu
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Table 2.20a
Parameters of the soil water balance, crop parameters, and parameters concerning
soil salinity that can be selected for display in the Simulation run menu

Symbol | Description | Units
Parameters of the soil water balance

Drain Deep percolation mm
Sum(Drain) | Deep percolation (cumulative) mm
ET Evapotranspiration mm
Sum(ET) Evapotranspiration (cumulative) mm
ETx Evapotranspiration (maximum) mm
ET/ETx Evapotranspriation (relative) %
Inf Infiltrated water mm
Sum(Inf) Infiltrated water (cumulative) mm
Irri Irrigation mm
Sum(Irri) Irrigation (cumulative) mm
Rain Rainfall mm
Sum(Rain) | Rainfall (cumulative) mm
Evap Soil evaporation mm
Sum(E) Soil evaporation (cumulative) mm
Ex Soil evaporation (maximum) mm
E/Ex Soil evaporation (relative) %
Runoff Surface runoff mm
Sum(RO) Surface runoff (cumulative) mm
Crop parameters

Biomass Biomass produced (cumulative) ton/ha
B(rel) Biomass produced (relative) %
Sum(Tr) Crop transpiration (cumulative) mm
Tr/Trx Crop transpiration (relative) %
GDD Growing degrees °C-day
HI Harvest Index (HI) %
Z Effective rooting depth m
WP Water Productivity (WP) g/m’
Yield Yield ton/ha
Parameters concerning soil salinity

Saltln Salt infiltrated in the profile ton/ha
Sum(Sin) Salt infiltrated in the profile (cumulative) ton/ha
SaltOut Salt drained out of the profile ton/ha
Sum(Sout) | Salt drained out of the profile (cumulative) ton/ha
SaltUp Salt moved upward from groundwater table ton/ha
Sum(Sup) | Salt moved upward (cumulative) ton/ha
SaltTot Salt stored in the profile ton/ha
SaltZ Salt stored in the root zone ton/ha
ECe EC of saturated soil-paste extract from root zone dS/m
ECsw EC of soil water in root zone dS/m
ECgw EC of groundwater table dS/m
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=  Soil water profile sheet
In the soil water profile sheet of the Simulation run menu, the simulated water content in
the various compartments of the soil profile is adjusted for every day of the simulation

period.

= Soil salinity sheet
In the soil salinity sheet of the Simulation run menu, the simulated soil salinity profile
and the parameters of the salt balance in the soil profile and root zone are adjusted for

every day of the simulation period (Fig. 2.20c).

Simulation run

INPUT 13 July 1986

ETo | 6.9 mm/day
Rain | 0.5 mmiday
Irri 0.0 mm/day

water I—
quality 175 dS/m

CONTINUE |_ advance

Climate-Crop-5 oil water I ECqw I Soil water profile

ol x|
{ toend of simulation [25 July 1336] average
|:r=' ER to 14 July 1985 Stresses coR e
zoil zalinity e e
™ to date |25 Lil July jl 1386 zoil Fertility.... ... nane . hone ...
temperature [Biomass].. ... none ... 2% .|
OUTPUT Production———————————— water shresses :
3 —— Canopy expansion....... P e TR
12 July 1986 Blumﬁssl 12.376  tantha B s e 563 3%
Yield 5055 ton‘ha early SENesCence ... nane

Soil salinity

Soil depth
from - to
meter

profile

Soil zalinity

ECe

dS/m

e ]
L-salini stresso]

= List |

infiltrated
’7 in soil profile

I 0000  tonfha

Tatal [tondha
I 1.328

11.194

stored in soil profile —

ton/ha

oot zone ———— |
(l| 9280 ton/ha

Soil salinity | Climate and */ater balance I Production I Erviranment |

— Salt balance of the soil profile

=

Soil salinity in
root zone

Salinity strezs
’_ Stress.__..__. 4%

— Salinity root zone

d5/m

LECsw[ 3944 dS/m

1.20m

— drained out

I 0.000 tontha

[~ Crop thresholds

— moved upward
by capillary rize

ECe min ECe max
— Total [tonthal I 2 -4-l 12 dS/m
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lngiztic
- Total fon/hal-| 4|C'°sB
R
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I 2 Murnerical output |

= Main Menu |

Figure 2.20c

Display of the soil salinity profile and the salt balance in the Simulation run menu
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= (Climate and Water balance sheet

In the Climate and Water balance sheet of the Simulation run menu, values are given for
soil evaporation, crop transpiration, surface runoff, infiltrated water, drainage, and
capillary rise. The irrigation events are displayed in the Irrigation Events menu (Fig.
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Figure 2.20d
Display of the parameters of the climate and soil water balance in the Simulation
run menu and the irrigation events in the Irrigation Events menu
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* Production sheet
In the Production sheet of the Simulation run menu, information is given on the ante and
post-anthesis impact of water stress on the adjustment of HI (Fig 2.20e). The simulated
amount of biomass produced and the biomass that could have been produced in the
absence of water, soil fertility and salinity stress are displayed as well. Information is also
given on the ET water productivity (yield per unit of evapotranspired water).

Ed Simulation run )

CONTINUE |> advance

(" to end of simulation [24 S eptember 1986

ETo
Rain

Irri
water |

INPUT 19 September 1986

quality

|:(‘." I 5 days to 24 September 1986

(" to date |24 leeptember jl 1986

5.2 mmfday

0.0  mm/day OUTPUT Praduction ——————————
0.0 mmiday 18 September 1986 Binmassl 6552  tondha
000 d54m Yield I 2.942  tondha

Clirnate-Crop-Soil water | Biomass | Soil water profile | Soil salinityl Clirate and %/ ater balance

Growth stage: yield formation

— Biomass

produced since ztart of zimulation

Actual produced. ... ... I 6.552 jﬁ -~

Potential biomass

ton/ha

- Crop cycle

=10l x|

Stresses
soibsalinty. . m an
zoil fertility
temperature [Biomazz).. ...
water shiesses

- CANOPY EXPANSIon....... X

— stomatal clasure.........
early senescence ...

average
crop cycle

Praduction | Environment

Length [starting from gemmination]...........cc..... {55

dayz

- no water stress

- o gail 2alinity stress

~ ET water productivity

0.94 kg [vield] per m3 water evapotranspired

~ Harvest Indax (HI)

Biomass ratio [%])
far given zoil Fertility

at start flowering penod

Effect of water strezs on HI

Vegetative period..........

+| 0 %
During vield farmatior.... I 3 ‘Zj—| a8 =

Hi(adjusted) = 44.9 % =[1%

——@Hi <= 50.0% [Reference HI)|

Flowering period
[Degree of polination : 100 %
#Hl = B00%

— Harvest Index

I 4558 wield formation

x |48 %

| & Mumerical output |

= Main Menu |

Figure 2.20e

Information on biomass production, ET water productivity, and the ante and post-
anthesis impact of water stress on the adjustment of HI in the Simulation run menu
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Totals Run sheet
In the Totals Run sheet

of the Simulation run menu, information is given on totals of a

selected number of parameters (Tab. 2.20b) at the end of each simulation run (Fig. 2.20f).
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Figure 2.20f

Information on the simulated yield and total rainfall (during the simulation period)
for the successive years of a multiple run project in the Simulation run menu
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Table 2.20b

Parameters that can be selected for display in the Simulation run menu

Symbol | Description Units
Rain Rainfall mm
ETo ETo mm
GD GD °C
CO2 CO2 ppm
Irri Irrigation mm
Inf Infiltrated water mm
RO Runoff mm
Drain Deep percolation mm
CR Capillary rise mm
Evap Soil evaporation mm
E/Ex Soil evaporation (relative) %
Tr Crop transpiration mm
Tr/Trx Crop transpiration (relative) %
SaltIN Salt infiltrated in the soil profile ton/ha
SaltOUT | Salt drained out of the soil profile ton/ha
SaltUP Salt moved upward by capillary rise ton/ha
SaltProf | Salt stored salt the soil profile ton/ha
Cceyle Length of crop cycle day
SaltStr Average salinity stress %
FertStr Average soil fertility stress %
TempStr | Average temperature stress (biomass) %
ExpStr Average leaf expansion stress %
StStr Average stomatal stress %
Biomass | Biomass ton/ha
Brelative | Relative Biomass (Ref: optimal conditions) %
HI Harvest Index -
Yield Yield ton/ha
WPet(Y) | ET water productivity (for yield) kg/m3
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= Simulated environment sheet
In the Simulated environment sheet of the Simulation run menu, the selected input files
for the simulation run are displayed and the program settings can be checked (Fig. 2.20g).
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Figure 2.20g
Display of the selected input files in the Simulation run menu
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2.20.2 Numerical output

Simulation results are recorded in output files and the data can be displayed by clicking
on the <Numerical output> command in the Simulation run menu (Fig. 2.20h). The
data can be aggregated in 10-day, monthly or yearly data.
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Display of data recorded in output files
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2.20.3 Evaluation of simulation results

When running a simulation, users can evaluation the simulation results with the help of
the field data stored in an observation file (see 2.19 Field observations). The user gets
access to the Evaluation of simulation results menu by clicking on the <Observations>
command in the command panel of the Simulation run menu (Fig. 2.201).
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Figure 2.20i — The Simulation run menu with the <Observations> command in the
command panel.

= Graphical and numerical displays

For each of the 3 sets of field observations (Canopy Cover, Biomass and Soil water

content) the user finds in the Evaluation of simulation results menu:

1. A graphical display where the simulated and observed (with their standard deviations)
values are plotted (Fig. 2.20j);

2. A numerical display where the simulated and observed values (with their standard
deviations) are displayed; and

3. Statistical indicators evaluating the simulation results (Fig. 2.20k).

Reference Manual, Chapter 2 — AquaCrop, Version 4.0 June 2012 2-143



The assessment can be saved on disk for later use.

Deseiption | Canopy Cover  Biomase | Sollwater content | Observations | Save assesment |
dry above-ground Biomass (B)

el diplay | Statstcs |

EQHarch :

L Rangs t|
!.
_ﬁ;:féévsrassesmem;

Figure 2.20j — Simulated (line) and observed (dots) dry above-ground Biomass with
their standard deviations (vertical lines) in the Evaluation of simulation results
menu.
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Figure 2.20k — Statistical indicators for the assessment of the simulated dry above-
ground Biomass in the Evaluation of simulation results menu.

= Statistical indicators

Evaluation of model performance is important to provide a quantitative estimate of the
ability of the model to reproduce an observed variable, to evaluate the impact of
calibrating model parameters and compare model results with previous reports (Krause et
al., 2005). Several statistical indicators are available to evaluate the performance of a
model (Loague and Green, 1991). Each has its own strengths and weaknesses, which
means that the use of an ensemble of different indicators is necessary to sufficiently
assess the performance of the model (Willmott, 1984; Legates and McCabe, 1999). In the

equations 8.4a to 8.4e, O; and P; are the observations and predictions respectively, 0 and
P their averages and n the number of observations.

Coefficient of determination (R%)

The coefficient of determination r? is defined as the squared value of the Pearson
correlation coefficient. 12 signifies the proportion of the variance in measured data
explained by the model, or can also be interpreted as the squared ratio between
covariance and the multiplied standard deviations of the observations and predictions. It
ranges from O to 1, with values close to 1 indicating a good agreement, and typically
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values greater than 0.5 are considered acceptable in watershed simulations (Moriasi et al.,
2007).

r2= 2(01_5)(})1 _F)
I>00,-0) $(p-7)

A major drawback of r? is that only the dispersion is quantified, which means that a
model which systematically overestimates (or underestimates) the observations can still
have a good r? value (Krause et al., 2005). Willmott (1982) also stated that within the
context of atmospheric sciences both r and r? are insufficient and often misleading when
used to evaluate model performance. Analysis of the residual error (the difference
between model predictions and observations: P; — O;) is judged to contain more
appropriate and insightful information.

(8.4a)

Root Mean Square Error (RMSE)

The root mean square error or RMSE is one of the most widely used statistical indicators
(Jacovides and Kontoyiannis, 1995) and measures the average magnitude of the
difference between predictions and observations. It ranges from O to positive infinity,
with the former indicating good and the latter poor model performance. A big advantage
of the RMSE is that it summarizes the mean difference in the units of P and O. It does
however not differentiate between over- and underestimation.

RMSE = 2(E-0) (8.4b)

n

A disadvantage of RMSE is the fact that the residual errors are calculated as squared
values, which has the result that higher values in a time series are given a larger weight
compared to lower values (Legates and McCabe, 1999) and that the RMSE is overly
sensitive to extreme values or outliers (Moriasi et al., 2007). This is in fact a weakness of
all statistical indicators where the residual variance is squared, including EF and
Willmott’s d which are discussed below.

Normalized Root Mean Square Error (NRMSE)

Because RMSE is expressed in the units of the studied variable, it does not allow model
testing under a wide range of meteo-climatic conditions (Jacovides and Kontoyiannis,
1995). Therefore, RMSE can be normalized using the mean of the observed variable (¥).
The normalized RMSE (NRMSE) is expressed as a percentage and gives an indication of
the relative difference between model and observations.

1 Z(Pi_oi)z

NRMSE = =
o

100 (8.4¢)

n

A simulation can be considered excellent if NRMSE is smaller than 10%, good if
between 10 and 20%, fair if between 20 and 30% and poor if larger than 30%.
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Nash-Sutcliffe model efficiency coefficient (EF)

The Nash-Sutcliffe model efficiency coefficient (EF) determines the relative magnitude
of the residual variance compared to the variance of the observations (Nash and Sutcliffe,
1970). Another way to look at it is to say that EF indicates how well the plot of observed
versus simulated data fits the 1:1 line (Moriasi et al., 2007). EF can range from minus
infinity to 1. An EF of 1 indicates a perfect match between the model and the
observations, an EF of 0 means that the model predictions are as accurate as the average
of the observed data and a negative EF occurs when the mean of the observations is a
better prediction then the model.

EF =1- M (8.4d)

EF is very commonly used, which means that there is a large number of reported values
available in literature (Moriasi et al., 2007). However, like 12, EF is not very sensitive to
systematic over- or underestimations by the model (Krause et al., 2005).

Willmott’s index of agreement (d)

The index of agreement was proposed by Willmott (1982) to measure the degree to which
the observed data are approached by the predicted data. It represents the ratio between the
mean square error and the “potential error”, which is defined as the sum of the squared
absolute values of the distances from the predicted values to the mean observed value and
distances from the observed values to the mean observed value (Willmott, 1984). It
overcomes the insensitivity of r2 and EF to systematic over- or underestimations by the
model (Legates and McCabe, 1999; Willmott, 1984). It ranges between 0 and 1, with O
indicating no agreement and 1 indicating a perfect agreement between the predicted and
observed data.

—1— Z(Pi_oi)z _
S\/p-o/+/0-0)"

A disadvantages of d is that relatively high values may be obtained (over 0.65) even
when the model performs poorly, and that despite the intentions of Willmott (1982) d is
still not very sensitive to systemic over- or underestimations (Krause et al., 2005).

(8.4¢)
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2.20.4 Output files

On exit of the Simulation run menu, the option is available to save the output on disk.
Distinction is made between files containing daily simulation results and seasonal results.
The files are stored by default in the OUTP directory of AquaCrop. By using different
filenames (and even directories), the user can prevent that the simulation results are
overwritten at each run. (Fig. 2.201).

Output Files 0] x
E

Pathnname

Fath | IE:\MyPrograms\AquaCrop\DUTF'\

Common part File Hame

Project2A

Output files with Simulation results
| Contents | File Name
| Crop development and production | leiethA[Imp_I]UT
| Parameters soil water balance | Project2A'Wabal OUT
| Soil water content [profile and root zone) | Project2AProf.OUT
| Salt balance [profile and root zone]) | Project2ASalt.OUT
| Soil water content [compartmentsz] | Project2ACompWC.0OUT
| Soil salinity [compartments]) | Project2ACompEC.OUT
| Net Irrigation requirement: | Project2Alnet. OUT]
| Totals Simulation runs | Project2ARun.OUT
x Cancel | 114 |

Figure 2.201
Specification of the path and file name for the Output files

= Daily results
The output of the daily results consists of 7 files containing key variables (Tab.2.20c). In
section 2.23 (Output files) the list of key variables is presented.

= Seasonal results
The output of the seasonal results can be stored as well (RUN.OUT).

The variables listed in the output files are described in 2.23 (Output files). The data in the
files can be retrieved in spread sheet programs for further processing and analysis.
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Table 2.20c
Default file name and content of the 7 output files with daily simulation results

Default file name Content

ProjectCrop.OUT 18 key variables for crop development and production
ProjectWabal.OUT 17 key variables for soil water balance

ProjectProf.OUT 10 key variables for soil water content — Profile/Root zone
ProjectSalt.OUT 10 key variables for soil salinity — Profile/Root zone

ProjectCompWC.OUT 12 key variables for soil water content — Compartments
ProjectCompEC.OUT 12 key variables for soil salinity — Compartments
Projectlnet. OUT 5 key variables for net irrigation requirement
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Input/Output and program settings Files

When installing AquaCrop, the installation program (i) creates a FAO folder, (i1) creates
the ‘AQUACROP’ folder (if not yet available) in the FAO folder, and (iii) finally installs
the software in C:\ FAO\AquaCrop

C:\ - I-

|- I- AQUACROP ------- I- DATA
AquaCrop.EXE I
Default. PAR l- OUTP
General. PAR I
Planting. PAR I- OBS
Onset.PAR I
Soil. PAR I- SIMUL
Rainfall. PAR
Crop.PAR
Field.PAR
Temperature. PAR
DEFAULT.CRO
DEFAULT.SOL
SOILS.DIR

If AquaCrop is correctly installed, the AquaCrop folder should contain:

(1) the following files:

- AquaCrop.EXE (the executable file );
Files with default project settings (*.PAR);
Files with default Crop and Soil parameters: DEFAULT.CRO, DEFAULT.SOL,;
SOILS.DIR (a file with default values for soil characteristics).

(i1) and four subdirectories:

-  DATA (default subdirectory for the input files);

- OUTP (default subdirectory for the output files);

- OBS (default subdirectory for the field observations files);

- SIMUL (subdirectory for simulation purposes, containing between other files the
Maunaloa.CO?2 file).
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2.21 Input files

The input is stored in text files which are retrieved through the user-interface. By default
the input files are stored in the DATA subdirectory of the AquaCrop folder. Distinction is
made between:

Climate files (*.CLI) which contains the names of a set of files containing

o air temperature data (*." TMP),

o reference evapotranspiration data (*.ETo),

o rainfall data (*.PLU), and

o atmospheric CO; data (*.CO2);

Crop files (*.CRO) containing crop characteristics;

Irrigation files (*.IRR) containing, apart from the irrigation method, (i) information
for the calculation of the net irrigation requirement, (ii) the timing, applied irrigation
amounts and the irrigation water quality of an irrigation schedule, or (iii) information
for generating irrigation schedules;

Field management files (*.Man) containing characteristics of the field on which the
crop is cultivated;

Soil profile files (*.SOL) containing characteristics of the soil profile;

Groundwater files (*.GWT) containing characteristics of the groundwater table;

Files with the specific conditions in the soil profile at the start of the simulation
period (*.SWO0);

Files with off-season field management conditions (*.OFF); and

Single run project files (*.PRO) containing information on the growing and
simulation period, the settings of program parameters, and the names of the set of
input files describing the environment, and the initial and off-season conditions;
Multiple runs project files (*.PRM) containing information on the settings of program
parameters and on the growing and simulation period, names of the set of input files
describing the environment, and the initial and off-season conditions for each of the
runs.

Also field observations can be stored in text files and retrieved through the user-interface
for the evaluation of simulations results. By default the field observations files are stored
in the OBS subdirectory of the AquaCrop folder.

Files with field observations (*.OBS).
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2.21.1 Climate file (*.CLI)

A climate file (Tab. 2.21a, Fig. 2.21) contains next to its description and the reference of
the AquaCrop version, the names of the air temperature file (*. TMP), ETo file (*.ETo),
rainfall file (*.PLU), and CO; file (*.CO2).

Table 2.21a
Example of a climate file (files with extension CLI)

Tunis (Tunisia) climatic data

4.0 : AquaCrop Version (May 2012)
Tunis. TMP

Tunis.ETo

Tunis7902.PLU

Maunaloa.CO2

meteorological data
recorded in local weather station

v

ETo computed from meteorological data
with the FAO Penman Monteith equation Mauna Loa

observatory
(Hawai)

ETo calculator

ETo v .

I. air temptirature Y Y

Rainfall CO,
ETo TMP file PLU cO02

A N
ST T

i ' AquaCrop
CLI JIa“ DATA base

pf EE N EEEEEEEEEEEEEEEEEEEEN,
EEEEEEEEEEEEEEEEEEEEEEESN

Climate file

AquaCrop

Fig 2.21 — Climatic data and Climate file
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2.21.2 Temperature (*. TMP), ETo (*ETo) and rainfall (*.PLU) files
Temperature (Tab. 2.21b), ETo (Tab. 2.21c) and Rainfall files (Tab. 2.21d) have all the
same structure which consists of:

— 5 lines containing information required by the program;

— an empty line to separate the information from the records;

— 2 lines for the title of the records;

— list of records (1 line for each daily, 10-daily or monthly record). The records are the
daily, mean 10-daily or monthly minimum and maximum air temperature in degrees
Celsius, the daily, mean 10-daily or monthly ETo in mm/day and the total daily, 10-
daily or monthly rainfall data in mm. The data may consists of integers or reals with 1
digit (1/10 of a degree or a millimeter).

Table 2.21b

Structure of an air temperature file (files with extension TMP)

Line File content

1 First line is a description which is displayed when selecting the file
2 1 : Daily records (1=daily, 2=10-daily and 3=monthly data)

3 1 : First day of record (1, 11 or 21 for 10-day or 1 for months)
4 1 : First month of record

5 1999 : First year of record (1901 if not linked to a specific year)

6

7 Tmin (°C) TMax (°C)

8

9 7.0 15.0

10 8.0 16.0

11 9.0 18.0

Table 2.21c

Structure of an ETo file (files with extension ETo)

Line File content

1 First line is a description which is displayed when selecting the file
2 1 : Daily records (1=daily, 2=10-daily and 3=monthly data)

3 1 : First day of record (1, 11 or 21 for 10-day or 1 for months)
4 1 : First month of record

5 1999 : First year of record (1901 if not linked to a specific year)

6

7 Average ETo (mm/day)

8

9 1.0

10 1.1

11 1.2
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Table 2.21d
Structure of a Rainfall file (files with extension PLU)

Line File content

1 First line is a description which is displayed when selecting the file
2 1 : Daily records (1=daily, 2=10-daily and 3=monthly data)

3 1 : First day of record (1, 11 or 21 for 10-day or 1 for months)
4 1 : First month of record

5 1999 : First year of record (1901 if not linked to a specific year)

6

7 Total Rain (mm)

8

9 0.0

10 0.0

11 16.6

2.21.3 CO2 file (*.CO2)

A CO2 file contains mean annual atmospheric CO, data (in ppm) for a series of years
arranged in chronological order. For years not specified in the file, AquaCrop will derive
at run time the CO, concentration by linear interpolation between the specified CO,
values for an earlier and later year. For years out of the listed range, the atmospheric CO,
concentration is assumed to be equal to the specified value of the first year (for earlier
years) or the specified value of the last year (for later years). When creating CO?2 file, the
structure of the file needs to be respected (Tab. 2.21e).

Table 2.21e

Structure of a CO?2 file (files with extension CO?2)

Line | File content Explanation

1 First line is a description description

2 Year CO2 (ppm by volume) title

3 title

4 1940 310.5 year(1) and corresponding CO,
5 1960 31691 year(2) and corresponding CO;
6 1961 317.65 year(3) and corresponding CO,
n-1 2007 383.72 year(n-1) and corresponding CO,
n 2020 409.72 year(n) and corresponding CO,
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2.21.4 Crop file (*.CRO)

2.21.5 Irrigation file (*.IRR)

2.21.6 Field management file (*.MAN)

2.21.7 Soil profile file (*.SOL)

2.21.8 Groundwater file (*.GWT)

2.21.9 File with initial conditions (*.SW0)
2.21.10 File with off-season conditions (*.OFF)
2.21.11 Single run Project file (*.PRO)

2.21.12 Multiple run project file (*.PRM)

2.21.13 File with field data (*.OBS)
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2.22 Files with program settings
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2.23 Output files

Simulation results are stored in a set of output files. By default the output files are stored
in the OUTP subdirectory of the AquaCrop folder. Distinction is made between output
files containing daily data and seasonal results. The output files with daily data contain
information on the:

Crop development and production;

Soil water content at various depths of the soil profile;
Soil salinity at various depths of the soil profile;

Soil water content in the soil profile and root zone;
Soil salinity in the soil profile and root zone;

Various parameters of the soil water balance;

Net irrigation water requirement.

The variables listed in the output files are given in 2.23.1 to 2.23.7. The variables listed in
the seasonal output file are given in 2.23.8. The data in the files can be retrieved in spread
sheet programs for further processing and analysis.

2.23.1 Crop development and production
Default file name: ProjectCROP.OUT

Nr | Symbol Description Unit
1 | Day -
2 | Month -
3 | Year -
4 | DAP Days after planting/sowing -
5 | Stage Crop growth stage: -
0: before or after cropping;
1: between sowing and germination or transplant
recovering;
2: vegetative development;
3: flowering;
4: yield formation and ripening
-9: no crop as a result of early canopy senescence
6 | GD Growing degrees °C-day
7|7 Effective rooting depth m
8 | StExp Percent water stress reducing leaf expansion %
9 | StSto Percent water stress inducing stomatal closure %
10 | StSen Percent water stress triggering early canopy senescence %
11 | StSalt Percent salinity stress %
12 | CC Green canopy cover %
13 | Kc(Tr) Crop coefficient for transpiration -
14 | Trx Maximum crop transpiration mm
15 | Tr Actual crop transpiration mm
16 | T/Tx Relative transpiration (100 Tr/Trx) %
17 | WP Crop water productivity adjusted for CO2, soil fertility and g/m”
products synthesized
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18 | StBio Percent temperature stress affecting biomass production %
19 | Biomass | Cumulative biomass produced ton/ha
20 | HI Harvest Index adjusted for failure of pollination, inadequate %
photosynthesis and water stress
21 | Yield Part | Yield (HI x Biomass) ton/ha
22 | Brelative | : Relative biomass (Reference: no water, no soil fertility, no %
soil salinity stress)
23 | WPet ET Water productivity for yield part (kg yield produced per kg/m’
m3 water evapotranspired)
2.23.2 Soil water balance
Default file name: Project WABAL.OUT
Nr | Symbol Description Unit
1 | Day -
2 | Month -
3 | Year -
4 | DAP Days after planting/sowing -
5 | Stage Crop growth stage: -
0: before or after cropping;
1: between sowing and germination or transplant
recovering;
2: vegetative development;
3: flowering;
4: yield formation and ripening
-9: no crop as a result of early canopy senescence
6 | WCTot Water content in total soil profile mm
7 | Rain Rainfall mm
8 | Irri Water applied by irrigation mm
9 | Surf Stored water on soil surface between bunds mm
10 | Infilt Infiltrated water in soil profile mm
11 | RO Surface runoff mm
12 | Drain Water drained out of the soil profile mm
13 | CR Water moved upward by capillary rise mm
14 | Ex Maximum soil evaporation mm
15 | E Actual soil evaporation mm
16 | E/E Relative evaporation (100 E/EX) %
17 | Trx Maximum crop transpiration mm
18 | Tr Actual crop transpiration mm
19 | T/T Relative transpiration (100 Tr/Trx) %
20 | ETx Maximum evapotranspiration mm
21 | ET Actual evapotranspiration mm
22 | ET/ETx Relative evapotranspriation (100 ET/ETx) Y
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2.23.3 Soil water content (profile and root zone)
Default file name: ProjectProf.OUT

Nr | Symbol Description Unit
1 | Day -
2 | Month -
3 | Year -
4 | DAP Days after planting/sowing -
5 | Stage Crop growth stage: -

0: before or after cropping;
1: between sowing and germination or transplant
recovering;
2: vegetative development;
3: flowering;
4: yield formation and ripening
-9: no crop as a result of early canopy senescence
6 | WCTot Water content total soil profile mm
7 | Wr(Zx) Water content in maximum effective root zone mm
8 |7Z Effective rooting depth m
9 | Wr Water content in effective root zone mm

10 | Wr(SAT) | Water content in effective root zone if saturated mm

11 | Wr(FC) Water content in effective root zone at field capacity mm

12 | Wr(exp) Water content in effective root zone at upper threshold for mm

leaf expansion

13 | Wr(sto) Water content in effective root zone at upper threshold for mm

stomatal closure

14 | Wr(sen) Water content in effective root zone at upper threshold for mm

early canopy senescence

15 | Wr(PWP) | Water content in effective root zone at permanent wilting mm

point

2.23.4 Soil salinity (profile and root zone)

Default file name: ProjectSalt.OUT

Nr | Symbol Description Unit
1 | Day -
2 | Month -
3 | Year -
4 | DAP Days after planting/sowing -
5 | Stage Crop growth stage: -

0: before or after cropping;
1: between sowing and germination or transplant
recovering;
2: vegetative development;
3: flowering;
4: yield formation and ripening
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-9: no crop as a result of early canopy senescence
6 | Saltln Salt infiltrated in the soil profile ton/ha
7 | SaltOut Salt drained out of the soil profile ton/ha
8 | SaltTot Salt content in the total soil profile ton/ha
9 | SaltZ Salt content in the effective root zone ton/ha
10 | Z Effective rooting depth m
11 | ECe Electrical conductivity of the saturated soil-paste extract dS/m
from the root zone
12 | ECsw Electrical conductivity of the soil water in the root zone dS/m
13 | StSalt Salinity stress Y4
14 | Zgwt Depth of the groundwater table m
15 | ECgw Electrical conductivity of the groundwater dS/m

2.23.5 Soil water content (compartments)
Default file name: ProjectCompWC.OUT

Nr | Symbol Description Unit
1 | Day -
2 | Month -
3 | Year -
4 | DAP Days after planting/sowing -
5 | Stage Crop growth stage: -

0: before or after cropping;

1: between sowing and germination or transplant
recovering;

2: vegetative development;

3: flowering;

4: yield formation and ripening

-9: no crop as a result of early canopy senescence

6 | WCI1 soil water content compartment 1 * vol%
7 | WC2 soil water content compartment 2 vol%
8 | WC3 soil water content compartment 3 vol%
9 | WC4 soil water content compartment 4 vol%
10 | WC5 soil water content compartment 5 vol%
11 | WC6 soil water content compartment 6 vol%
12 | WC7 soil water content compartment 7 vol%
13 | WC8 soil water content compartment 8 vol%
14 | WC9 soil water content compartment 9 vol%
15 | WCI10 soil water content compartment 10 vol%
16 | WC11 soil water content compartment 11 vol%
17 | WCI2 soil water content compartment 12 vol%

* The soil depth (corresponding at the centre of the compartment) is specified for each
compartment in the file
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2.23.6 Soil salinity (compartments)
Default file name: ProjectCompEC.OUT

Nr | Symbol Description Unit
1 | Day -
2 | Month -
3 | Year -
4 | DAP Days after planting/sowing -
5 | Stage Crop growth stage: -
0: before or after cropping;
1: between sowing and germination or transplant
recovering;
2: vegetative development;
3: flowering;
4: yield formation and ripening
-9: no crop as a result of early canopy senescence
6 | EC1 Electrical conductivity of the saturated soil-paste extract dS/m
(ECe) - compartment 1 *
7 | EC2 Electrical conductivity of the saturated soil-paste extract dS/m
(ECe) - compartment 2
8 | EC3 Electrical conductivity of the saturated soil-paste extract dS/m
(ECe) - compartment 3
9 | EC4 Electrical conductivity of the saturated soil-paste extract dS/m
(ECe) - compartment 4
10 | ECS Electrical conductivity of the saturated soil-paste extract dS/m
(ECe) - compartment 5
11 | EC6 Electrical conductivity of the saturated soil-paste extract dS/m
(ECe) - compartment 6
12 | EC7 Electrical conductivity of the saturated soil-paste extract dS/m
(ECe) - compartment 7
13 | EC8 Electrical conductivity of the saturated soil-paste extract dS/m
(ECe) - compartment 8
14 | EC9 Electrical conductivity of the saturated soil-paste extract dS/m
(ECe) - compartment 9
15 | ECI0 Electrical conductivity of the saturated soil-paste extract dS/m
(ECe) - compartment 10
16 | EC11 Electrical conductivity of the saturated soil-paste extract dS/m
(ECe) - compartment 11
17 | ECI2 Electrical conductivity of the saturated soil-paste extract dS/m

(ECe) - compartment 12

* The soil depth (corresponding at the centre of the compartment) is specified for each
compartment in the file
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2.23.7. Net irrigation requirement
Default file name: ProjectInet.OUT

Nr | Symbol Description Unit
1 | Day -
2 | Month -
3 | Year -
4 | DAP Days after planting/sowing -
5 | Stage Crop growth stage: -
0: before or after cropping;
1: between sowing and germination or transplant
recovering;
2: vegetative development;
3: flowering;
4: yield formation and ripening
-9: no crop as a result of early canopy senescence
6 |E Actual soil evaporation mm
7 | Trx Maximum crop transpiration mm
8 | ET Evapotranspiration: Sum of E and Trx mm
9 | Rain Rainfall mm
10 | Inet Net irrigation requirement mm
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2.23.8. Seasonal output
Default file name: ProjectRun.OUT

Nr | Symbol Description Unit

1 | RunNr Number simulation run -

2 | Dayl Start day of simulation run -

3 | Monthl Start month of simulation run -

4 | Yearl Start year of simulation run -

5 | Rain Rainfall mm

6 | ETo Reference evapotranspiration

7 | GD Growing degrees

8 | CO2 Atmospheric CO2 concentration

9 | Iri Water applied by irrigation OR net irrigation requirement mm

10 | Infilt Infiltrated water in soil profile mm

11 | Runoff Water lost by surface runoff

12 | Drain Water drained out of the soil profile

13 | Upflow Water moved upward by capillary rise

14 | E Soil evaporation mm

15 | E/Ex Relative soil evaporation (100 E/Ex) %

16 | Tr Crop transpiration mm

17 | Tr/Trx Relative crop transpiration (100 Tr/Trx) %

18 | Saltln Salt infiltrated in the soil profile

19 | SaltOut Salt drained out of the soil profile

20 | SaltUp Salt moved upward by capillary rise from groundwater table

21 | SaltProf Salt stored in the soil profile ton/ha

22 | Cycle Length of crop cycle: from germination to maturity (or early
senescence)

23 | SaltStr Average soil salinity stress

24 | FertStr Average soil fertility stress

25 | TempStr | Average temperature stress (affecting biomass)

26 | ExpStr Average leaf expansion stress

27 | StoStr Average stomatal stress

28 | Biomass | Cumulative biomass produced ton/ha

29 | Brelative | Relative biomass (Reference: no water, no soil fertility, no
soil salinity stress)

30 | HI Harvest Index adjusted for failure of pollination, inadequate Y%
photosynthesis and water stress

31 | Yield Yield (HI x Biomass)

32 | WPet ET Water Productivity for yield part (kg yield produced per | kg/m’
m3 water evapotranspired)

33 | DayN End day of simulation run -

34 | MonthN | End month of simulation run -

35 | YearN End year of simulation run -
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