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Root-System Architectural Analysis

Eunctional featlures
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Root-System Architectural Unit
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racinaire —_—
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Root-System Architectural Diagram
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Root-System Architectural Geometry

RAZotaxy

Branching Angle



Root-System Architectural Ontogeny

GERMINATION
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CULTURE EN SAC

PP

PLANTATION

A 4
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Figure 53 : Chronologie de la mise en place de l'architecture du systéme racinaire du palmier a huile.
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tranchée sur cocotiers

GVT de 26 ans

ETUDES STATIQUES ETUDES DYNAMIQUES
But Dispositifs Mesures But Dispositifs Mesures
P | Architecture du 0 300 plants de -> Longueur des Mesure de la o 3 minirhizotrons Suivis de
E systéme cocotier GVT racines vitesse de avec 4 noix germées croissance
P racinaire de replantés en pleine -> Distance entre croissance des de cocotier GVT | hebdomadaires
I | jeunes cocotiers | terre en pépiniere ramifications racines de pendant 3 mois
N -> Type,longueur et | différents ordres | 0 2 RV sur 2 cocotiers
I | Etude de la mise diametre des de cocotiers GVT GVT de 8 mois
E en place du ramifications au jeune age
C|R systeme -> Angle d'insertion 0 2 RV sur 2 cocotiers
O|E racinaire de GVT de 12 mois
C jeunes cocotiers
0]
T
I Architecturedu | o Excavationde 9 |-> Nombre de racines| Mesuredela | o1 RV sur cocotiers Suivis de
E|P systéme bulbes de cocotier sur le bulbe vitesse de GVT de 5 ans croissance
R|L racinaire de GVT (3 par age: 26 croissance des hebdomadaires
A | cocotiers adultes | ans, 14 ans, 7 ans) racines de 01 RV sur cocotiers | pendant 3 mois
N o Prélévement de RI -> Diametre différents ordres GVT de 14 ans
T superficielles sur -> Longueur de cocotiers GVT
A cocotiers GVT de 14 -> Distance inter al'age adulte | o2 RV sur cocotiers
T ans ramifications GVT de 26 ans
I o Prélevement de -> Mortalités et
o racines de différents réitérations.
N “ordres sur front de -> Biomasse

coconut palm | .

RI : racines primaires ; RV: rhizotrons verticaux ; RH: rhizotrons horizontaux ; GVT: cocotier Grand du Vanuatu.
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MODEL



Background

Lungley 1973 AM
Diggle 1988 AM
Clausnitzer and Hopmans 1994

Mech and Prusinkiewicz 1996

Jourdan and Rey 1997

Lynch et al. 1999

Ozier-Lafontaine et al. 1999

Reddy and Pachepsky 2001

Heinen et al. 2003

Barczi et al. 2003

Pages et al. 2004

Bastian et al. 2008

Dupuy et al. 2010

Cereals

Wheat

Barley

nc

Oil Palm

Bean and simulations
Gliciridia sepium

Maize

White cedar, maize, tomato
nc

Arabidopsis thaliana
Ophiorrhiza mungos Linn.

Barley

Architectural
Model

FSM

Functional
Structural
Model

DBM

Density.
Based

Model




DigR Challenges

Generic structural growth model :

- Structure : Root system
- Scale : Organ (root)
- Life Span : Plant & Organ

- aerial part

- soil models

Ready to link to other models :
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|| | Xplo - [Dig.10a]
| Project Selection Script Window Geometry Tools Help

[EBeEH S O & &
o (T
B

DigR in Xplo Interface

Render editor X
Mumber of nodes = 68

Browser X

Display individu : [Scene 'J

l Collapse “ Expand J

Topology
v ?’.ﬂ. Scene 1
¥ [5a Individual 1
v a First Type 1
v E} sFirst Type 1
v g8 Racines plagiotropes 1
EI sRacines plagiotropes 1
EI sRacines plagiotropes 2
EI sRacines plagiotropes 3
E sRacines plagiotropes 4
E sRacines plagiotropes 5
#] sRacines plagiotrtm"’Iél New iject-
E sRacines plagiotrog
EI sRacines plagiotrog [MName : |
EI sRacines plagiotrog
v @, sFirst Type 2
v glE Racines plagiotrope
[=] sRacines plagiotroy
EI sRacines plagiotrog
EI sRacines plagiotrog
E sRacines plagiotrog
E sRacines plagiotrog

Type :

GL5

Gloups

Falms

Principes (Palm)
Sunflower

E sKacines plagiotrog
#] sRacines plagiotrop
EI sRacines plagiotrog

v @;. sFirst Type 3
A E|'F Racines plagiotropeg

[=] sRacines plagiotrog
E sRacines plagiotrop
#] sRacines plagiotrog
EI sRacines plagiotrop
EI sRacines plagiotrop
E sRacines plagiotrop

growthTest
paleodent

Description :

DigR
Author{s): JF. Barczi
***Nescription here***

RAN J

Expanding tree

[ Ok J l Cancel J [ Help

J >




DigR Interface : General

m' para

plantName Default_Root
maxAge C.U. 9999
maxRamif  nb

age C.U.

seed nb

outputStep C.U.

evolution'ﬁmg

Nom de la plante
Age maximum de calcul du SR
Ordre maximum de ramification : Pivot = 1, racines I

Age de calcul du SR
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DigR Interface : Typology

H 1_general l 2_topology T 3_ramification T 4_angles T 5_diameter T f_reiteration ]

| general

| £| DigR.parameters

General

types

name Racines plagiotropes

00:1

symbolNumber —

ESIEENIEY

Plant

rootTypes

First Type
Racines plagiotropes
Racines tertiaires fines

Liste des types de racines
Constituant l'unité architecturale
Du SR étudié

L LJE]

On peut rajouter
Autant de types racinaires
Que nécessaire

[ Import J [ Export J

[ Ok ] l Cancel J [ Help J

On peut donner un nom explicite
Au type de racine renseigné

SymbolNumber n'est pas utilisé




Parameters for Each Root Type

Growth & Development

Mortality
Branching process
Angles

Diameters

23 parameters
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Apical Growth

|| type

= .

| 1_general [ 2_topology || 3_ramification | 4_angles | 5_gjz

ter | 6_reiteration |

-~

topology

~
/

| verticillemumber nb

[0,1] o00:10 <
verticilleProba :

Cette probabilité évolue en
du verticille sur la racine por
VOIR DIAPO SUIVANTE PO

C.U. o0o0:00

growthDielay

cm/C.U. [00:10

growthSpeed

GlobalPercentOnGrowthSpeed 0.0

%

10.0:0.0

B

deathProba

PruninglLag

PruningLagstdDev

PruningExceptionPercent

Délai (prolepsie) associé au d
du type considéré, en foncti
sa racine porteuse.

Ce délai est exprimé en Comp

Vitesse de croissance (cm
d'une racine de ce type.
Cette vitesse évolue au cour
la racines en fonction de sa I

Facteur affectant growthSpe




s N, =

1_general E_WMT 3_ramification T 4 angles T 5_diameter T F_reiteration ] Whar [:s a <« POSiinﬂ »

topology

VericilleMumber

50:05 Chaque couple de valeur (
12.0:0.65

verticilleProba 15.0:0.87  Position sur I'axe depuis |
236097

Posirion (cis) Probabilite
9 |

10.0:0.0

growthDelay
025

0.0:1.0

growthSpeed

GlobalPercentOnGrowthSpeed 0.0

0.0:00

deathProba

PruningLag 999.0 231 0.97

PruningLagStdDev 0.0 AXe en croissance

PruningExceptionPercent 0.0 .1
PR >

[ Ok ] l Cancel J




ApicalGrowih. fpd

Apical 6rowth

Lateral type :
constant growth speed
with some variations
(_'. m/ct +/- 100/0)

Main type - slow'downialong growih

19



Apical Growth

40



[ 1_general Tz_mpumgy 3 _ramification I 4 angles I 5 _diameter I G_reiteration ]

topology

VerticilleMumber

vericilleProba

growthDelay

growthSpeed

GlobalPercentOnGrowthSpeed
[0.1]

deathProba

PruningLag C.U.

PruningLagStdDev C.U.

o,
PruningExceptionPercent /°

E

10.0:1.0 |
SIS e
10.0:00 |
[00:10 e | Probabilité de mortalité
B[E[E]iy w3 0 ol
m longueur (en cm).

00:00 |

Pour l'instant la mortalité

élément de longueur

[ Ok ] l Cancel J

Délai avant élagage (disp
d'une racine morte.
Ce délai est exprimé en Co

Ecart-type associé au dé



Stochastic Apical Death & Root Mortality

Deathfipd

Growith stops with p=0.05/cm
(afiter 1cm lengih)

Mortality>fpd

Rooitis are removed afiter +-2 Cls

(with 207 exceptiions)

22



Stochastic Apical Death & Root Mortality

23



Branching

Default_set : interRamifDistance (0.0 : 1.0;) typeFrequency (1:100.0;)

Liste des sets de ramifications

mieaionsets | POPTES par ce type racinaire

Nom d'un set de rami
type racinaire.

Fréquence des types de
racines du type considé
set de ramification.

Couple (index du type :

Ecart-type associé aux
racinaires portés.

Distance inter-ramifica

interRamifDistance

InterRamifDistanceStdDevy 0.0
cm

Cancel
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Branching

Branching. fpd

e —
.

Neanmyicanon
parachizdesporieuse

WA anmldcalion
parkzUscrisaesporieluse

27



Branching
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Stochastic Branching

2 mixes made of 1 type 1 mix made of 2 types

Ifle/ZdZelZ 07 Dreinciily Dzgzeldgr Sradesily

Branching Tye2 foel SeaneningZ Ty Uz fdel

L

100! 75 green type 80 7o green type
20 7o yellow type 20 7o yellow type
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Stochastic Branching
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Stochastic Spatial Layout

inserionType

InsertionAngle

InsertionAnglesStdDey

phyllotaxyAngle

PhyllotaxyAngleStdDev

Deviationangle

DeviationAngleStdDev

BoundingVericalConeAngle

BoundingHaorizontalConeAngle

BoundingConelLength

finalAbsoluteDirectionToVerticallist

bendingLengthList

RHIZOTAXY ¥ ‘

0.0
0.0:1800

99999.0

LG

..*.

L'insertion des racines p
racinaire se réalise selon un

TO_VERTICAL :

L'insertion des racines p
racinaire se réalise dans un
par la racine porteuse.

ON_PLANE_THROUGH_BEAR
L'insertion des racines p
racinaire se réalise dans u
racine porteuse.

NON IMPLEMENTE.
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Stochastic Spatial Layout

1_general | 2_topology | 3_ramification

inserionType

InsertionAngle

InsertionAnglesStdDey

phyllotaxyAngle

PhyllotaxyAngleStdDev

Deviationangle

DeviationAngleStdDev

BoundingVericalConeAngle

RHIZOTAXY v

deq 500 Angle d'insertion de ce type
eg 6o

porteuse (en degrés).
Ecart-type associé a I'c

type racinaire sur sa racine p

deg 0.0

deg 0o w00 w—
5 5]

deg 0.0

deg 00 Ecart-type associé a l'a

deg Valeur de l'angle de déviatio

0.0
du type a chaque nouvelle u
45.0 .
longueur (voir growthSpeed) (
BoundingHaorizontalConeAngle 450 dune noqvelle ramificaﬂon (V
(en degrés).
BoundingConelLength 99999.0

Ecart-type associé S

finalAbsoluteDirectionToVerticallist ——

bendingLengthList

ESIENENIEY

Cancel
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Stochastic Spatial Layout

Deviation Angle

Angles.. fpd

Insertion angle

31



Spatial Constraints

[ 1_general I 2 _topology I 3 ramification T 4 _angles T 5 diameter I E_reiteratinn]

angles /

/

insertionType | RHIZOTAXY

InserionAngle 60.0

Valeur d'un angle qui, dans
délimite un cone a lintérieur
001300 type considéré est obligée de
phyllotaxyAngle S S principale de l'axe duu cdne
initial d'insertion de la racine su

InsertionAnglesStdDey 0.0

PhyllotaxyAngleStdDev

Deviationsngle Longueur du cdne dans lequel la

obligée de rester. Au dela de
cone devient un parallélépipede
BoundingVerticalConeAngle deg . I évoluer' selon les VG'CUI‘S
finalAbsoluteDirectionToVertical

DeviationAngleStdDev

Elour'|dingHorimntaIConeﬁngledeg 45.0

BoundingConeLength cm 992090 4~

Direction finale de I'axe
deg [00:00 +— parallélépipéde précédemment

finaltbsoluteDirectionToVerticalList e \ , .
nalAbsoluteDirectionToVerticalLis - LJ\E\ déforment progressivement p

CM 0000 %~

bendingLengthList




Stochastic Constraints

Deviation Angle

Spatial constraint

Insertion angle
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Stochastic Spatial Layout & Constraints
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|£| type

[ 1_general T 2_topology I 3_ramification T 4 _angles T 5 _diameter T G_reiteration ]

diameter

InitialDiameter

cm 10 <

InitialDiameterStdD ey cm 00 <=

factor |00 10 «—00 |

e ———

diameterincreaseRatio

C.U. |00:00 *—

Facteur de grossiss
type considéré.

diameterincreaseTime —_— . .

Durée de grossisse
type considéré.

C.U. (0000 *=

diameterincreaseDelay P —

Délai avant le début
racines du type consi

Ecart-type associé
. — e —— o f
DiameterincreaseRatioSidDev 0.0 4 grossisseme
actor .
Diameter] TimestdD T Ecart-type associé
lameterincrease fim 1 - grossissement.
DiameterincreaseDelaystdDev 0.0 - Ecar'l'-‘rype associé a

Cc U

. .

['DK ] [ Cancel J

de grossissement.




Diameter management

Diameter.fpd
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Diameter management
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| £ type .S

[ 1_general T 2_topology I 3_ramification T 4 _angles I 5 _diameter | 6_reiteration

reiteration

MaxReit nb 0

ReitAngle deg 30.0 <

Remhizutaa%eg 180.0 \ porteuses.

cm | 00:10
reitDistance e L'insertion des raci
type sur leurs racine

selon la valeur de cet

% | 0.0:100.0
reitFrequency

Distance inter-ramif
réitérées portées su
porteur considéré.

Probabilité de réal
réitérées sur leur rac
considéré.
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Training X01:
Xplo Software
AW ARSHIGIONDIECTONY

A(9l9 Jofrierz

(| R o
L j

()= » Ordinsteur » comees 0 » jeeo » N [ [
e oo Anege s _

Organiser v . =) Ouvrir Imprimer Graver Nouveau dofsier

). 2013 - TERRES ANR- Terrestrialisation 4  Nom Modifié le Type Taille £ gﬁ & 310
‘L’ 2013 - TOSCA - Foret 30 STEM"'LEAF 0] xplu.uat AV/LL/LVLL LDV Fierner e Curnrnd... 'launch Scr.l pt

). 2013 - UVED 1_] xplo.commangd 07/12/2011 10:17 Fichier COMMAND @rem

. AmapSimEnv || xplo.sh 16/11/2012 15:07 Fichier SH PATH=. \ext

J BOOTCOPYPOOL.BIN =] xplo_splash.jply 07/12/2011 10:18 Fichier JPG F\,:} gows&;%
B Dicbiox - xplo32.bat 07/12/2011 10:18 chhfer de comma... java -

). jeeb || xplo32.:sh 07/12/2011 10:18 Fichier SH file. encoding

)/ LiveBackup Cache [Belxplocabet ¥ 071/20111018  Fichierdecomma.. 1Ko Xmx2024m ~¢p
). Ma Flore - Botanique __ xplo64.sh 07/12/2011 10:18 Fichier SH \bin;.\ext\* -
@) ’ splash:xplo_s
J. Ma Flore - Herbier 2 xplolnstall.xml 07/12/2011 10:18 Document XML 'Igsh ?p p
B Mes Donness ~ L XploReadme.txt 07/12/2011 10:18 Document texte jeeb. xp o.kern

ATl vl Aaressnesan

xplo64.bat Modifié le: 07/12/2011 10:18 Date de création : 07/12/2011 10:18
e Fichier de commande Windows Taille: 210 octets
-y

élément sélectionné M Ordinateur
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Xplo Windows

Script Window Geometry Tools Help
*XE O™ & &

Project Selection
0@ =

Windlows




INZW,

Training X01:
New Project

Ctri+M
Ctri+0
Cirl+W
Ctrl+3

- Import Ctrl+l

& Importfrom clipboard  Ctri+Shift+V
Ctrl+T
Ctrl+R

Projects

Browser | Render editor

Orbit: Click+Move to orbit, Shift+Click+Move to translate, Ctri+Click+Move to zoom

[E=EE )

Create or open a project with the "Project menu

52



. .. Training X01:
= DigR Project

Type :

conee Do rigelz)

DRAFt

: Dje Wideldiy

GLS
Gloups

Palms
Principes (Palm)
Profs

Description :

DigR

Authar(s) - JF. Barczi planttame Default Root
Root system simulator

maxAge 94999

maxRamif

age

seed

autputStep

evolutionTime

Pﬂh] [ Cancel ][ Help J | [ Import J [ Export J M [ Cancel J [ Help J .




General

planthame Default_Root

maxAge 99499

maxRamif 2

age 10.0

seed 0

outputStep 1.0

evolutionTime

Lefiieliek:

Training X01:
Parameter File Choice

Lookin: |(55 LAMAP-DigR

o) (] (@) (@] (l=]s ]

(&5 2008 - Modele
[ﬁ‘ 2011 - Eucalyptus
(&5 2013 - Erable

RAN

= 2013 - Fichiers Parametres ¢ . <eference 2010-09-27 - DigR_ParameterFile xls
ﬁ' 2013 - Images Parametres de Reference 2011-06-22 - DigR_ParameterFile x5

[E5 2013 - Picea Templat
2010-05-30 - DigR_ParameterFile.xls Templat
2010-08-30 - DigR_ParameterFile xls

vy

File Mame:

Files of Type: | Al Files

[ Open J [ Cancel J

LookIn: [ﬁ'QD‘IB—Fichiers Parametres de Reference I_IJ [ ﬁ J [ @ J [ ﬁ' J [ ][ E

‘ 1Type_fascicule fpd
1Type_Pivotfpd
1Type_Pivotsec.ipd
1Type_Plagio.fpd
21ApicalGrowth fod
22Death fpd

23Monrtality fpd 51Diameter fpd
31Branching.fpd

32Branching1Type fpd
33Branching2Types.fpd

41Aangles fpd

42Mangles? fpd

File Mame: 1Type_fas cicule.fpd3

Files of Type: | All Files

B

4 | Open || Cancel |




Training X01:
Fascicule Parameter File

[;J DigR.parameters

[General | types |

planttlame Fascicule

maxAge 99949

maxRamif 3

age

seed 1

outputStep 1.0

evolutionTime 10.0




Training X01:
XPlo Browser & 3D View

Project Seleclion Script Window Geometry Tools Help

(B S 90 § &

Number of nodes = 7078
Display individu {S:ene |'] 1 kﬂ
Collapse | Expand
Topalogy Mame FilsName | age | XInsertion... | ZEular HA | type | ¥Euler currentTi_ |V
v 5 Scene 1 A
v E. Individual 1 Individual ~ ArchiTree 40
v a First Type 1 First Type 0 0 45 0 0 1]
> ?q. sFirst Type 1
» E sFirst Type 2 -2.734 114.809
> ﬁ. sFirst Type 3 -4.108 133.946
> ﬁ,sFirstTypezt -2.986 109.43
> E sFirst Type 5 3121 104.852
» E sFirst Type 6 -2.626 135.937
> ﬁ. sFirst Type 7 2669 77.274
> ﬁ,sFirstTypeB 2815 134.035
] sFirst Type @ £.063 0
» E sFirst Type 10 -5.073 124.296
> ﬁ. sFirst Type 11 -2.302 156.781
> @q. sFirst Type 12 -3324 169.54
> E sFirst Type 13 329 148.267 v
» E sFirst Type 14 1.836 96.246
> ﬁ. sFirst Type 15 -3.358 160.764
] sFirst Type 16 2945 0
> E sFirst Type 17 -3.377 120.248
» E sFirst Type 18 -4.238 152.965
] sFirst Type 19 3.694 0
> ﬁ, sFirst Type 20 3621 164.762
] sFirst Type 21 3.279 0
» E sFirst Type 22 -3.088 142.095
] sFirst Type 23 2634 0
] sFirst Type 24 -3.946 0
v E sFirst Type 25 1.408 105.728
[=] ssecond Type 1
EI ssecond Type 2 -1.9892 0
EI ssecond Type 3 -2737 Q
» E ssecond Type 4 -1.018 159.006
EI ssecond Type 5 5291 1]
» ¥, ssecond Type 6 -5.056 154.529
» & ssecond Type 7 -1103 15353
EI ssecond Type 8 -2.87M 0
> ﬁ. ssecond Type 9 0.056 164.416
» ¥, ssecond Type 10 531 139.03
EI ssecond Type 11 2.098 Q
» ﬁ.ssecuﬂdwpe 12 -3.154 128.308
> ﬁ.ssecandwpe 13 318 124.892
» &, ssecond Type 14 143 146,12 F 31a J-(_32a J{ 33a J-( 34a J-( 35a J- 36a - 37a J- 38a - 39a || 40a |
ELS = J Y-
—[ Brwse(l Render editor J L T

DRRelay.gettinglnitialParameters




General

£) Xplo - [Dig.404
Project Selectig

U=

rootTypes

Number of nog
Display individ

[ Collapse |

Topology

First Type
second Type
courte

Training X01:

Simulation & Parameter File

| = S

B3 ssecond Type 24
> ﬁ, ssecond Type 25
> ﬁ, ssecond Type 26
> ﬁ. ssecond Type 27
EI ssecond Type 28
> ﬁ, ssecond Type 29
> ﬁ, ssecond Type 30
> ﬁ. ssecond Type 31
> ﬁ ssecond Type 32
A4 ﬁ, ssecond Type 33
v &6 courte 1
=] scourte 1
EI scourte 2
EI scourte 3
EI scourte 4
]
EI scourte 6
EI scourte 7
EI ssecond Type 34
> ﬁ. ssecond Type 35
EI ssecond Type 36
> ﬁ, ssecond Type 37
EI ssecond Type 38
> ﬁ. ssecond Type 39
> ﬁ ssecond Type 40
> ﬁ, ssecond Type 41
> ﬁ, ssecond Type 42

E1S

colrte

p
I
p
b
p
( 1 [ | [
[ ok | | cancel | | Heip | I
|i
- =1 0
4123 176.384
434 119.419
-5.579 95.715
2126 0
1725 107,816
-5.028 134.003
5583 142.845
7.992 141534
0372 121.952
0 16.649
10 0
10 0
10 0
10 0
10 0
10 0
2925 0
-1.605 185.128
2264 0
0904 129.12
577 0
4784 156.953
7.408 119.782
1705 139,55
0.862 111.144 r 26a J{_27a J-|_28a ) 29a J-_30a J-_ 31a |-{_32a J-_ 33a J{_34a J-{_ 35a ) 36a |- 37a J-_ 38a |- 39a |4 40a |
oI

| currentTi... |V

Browser | Render editor

DRRelay.gettinglnitialParameters




Training X01:
Reinit Project

| Xplo - [Dig.40a]
Project Selection Script Window Geometry Tools Help

Be®E ds 90 § &
T E

Number of nodes = 7078
Display individu {S:ene |'] 1 kﬂ @
Collapse | Expand
Topalogy Mame FilsName | age | XInsertion... | ZEular HA | type | ¥Euler currentTi_ |V }‘
v 5 Scene 1 A
v E. Individual 1 Individual ~ ArchiTree 40 \‘
v a First Type 1 First Type 0 0 45 0 0 1] boeei
» (53 sFirst Type 1 .
» E sFirst Type 2 -2.734 114.809
> ﬁ. sFirst Type 2 -4.108 133.948 ‘
> ﬁ,sFirstTypezt -2.986 109.43
> E sFirst Type 5 3121 104.852
» E sFirst Type 6 -2.626 135.937
> ﬁ. sFirst Type 7 2669 77.274 /
> ﬁ,sFirstTypeB 2815 134.035
] sFirst Type @ £.063 0
» E sFirst Type 10 -5.073 124.296
> ﬁ. sFirst Type 11 -2.302 156.781
> @q. sFirst Type 12 -3324 169.54
> E sFirst Type 13 329 148.267
» E sFirst Type 14 1.836 96.246
> ﬁ.sFirstTypeﬂS 50764

EI sFirst Type 16
> E sFirst Type 17
» E sFirst Type 18
EI sFirst Type 19
> @q. sFirst Type 20
EI sFirst Type 21
» E sFirst Type 22
EI sFirst Type 23
EI sFirst Type 24
v E sFirst Type 25
v 'J." second Ty...

[=] ssecond Type 1
EI ssecond Type 2 0
EI ssecond Type 3 -2737 Q
» E ssecond Type 4 -1.018 159.006
EI ssecond Type 5 5291 1]
» ¥, ssecond Type 6 -5.056 154.529
» & ssecond Type 7 -1103 15353
EI ssecond Type 8 -2.87M 0
> ﬁ. ssecond Type 9 0.056 164.416
» ¥, ssecond Type 10 531 139.03
EI ssecond Type 11 2.098 Q
» @ ssecond Type 12 3154 128.308 EEIET e
» @ ssecond Type 13 318 124.892 Intervention e
» %, ssecond Type 14 143 146.12 “ | _28a |- 27a ) 282 J_20a - 30a ) 3ta |-{_32a - 33a |{_34a {_35a J_36a J- SEEESED co
ELS R 7 > Duplicate Step
—[ Brwse(l Render editor J L T
All
DRRelay.gettinglnitialParameters 3 54




—=y  lraining X01:
New Simulation

|£:| DigR.parameters

| [[General [ tes |

General

5| Xplo - [Dig 402 plantfame Fascicule

Project Selection Script Wir|

2%

maxAge 19999

Number of nodes = 7078

Display individu - | Scene i [

Collapse | Expand maHRamlf 3

Topology

v E’a. Scene 1

¥ (S Individual 1
v a First Type 1

> ?q. sFirst Type 1
» E sFirst Type 2
> ﬁ. sFirst Type 3
> @q. sFirst Type 4
> E sFirst Type 5

age 40.0

sead E C?Iflf'l_f/ej'

» E sFirst Type 6
» 8 sFirst Type 7 DUtDUtStep 1 D
> @q. sFirst Type 8
EI sFirst Type 8 r
»&esrstree il ayplutionTime 10.0

> ﬁ. sFirst Type 1
> @q. sFirst Type 1
> E sFirst Type 1
» E sFirst Type 1
> ﬁ. sFirst Type 1§

EI sFirst Type 14
> E sFirst Type 1
» E sFirst Type 19

EI sFirst Type 194
> @q. sFirst Type 2(
EI sFirst Type 2
» E sFirst Type
EI sFirst Type 2.
EI sFirst Type 24
v E sFirst Type 2!

[ Import J l Export J DK l Cancel J l Help J

LG
[E] ssecontrrype
EI ssecond Type 2 -1.9892 0
EI ssecond Type 3 -2737 Q
» E ssecond Type 4 -1.018 159.006
EI ssecond Type 5 5291 1]
» ¥, ssecond Type 6 -5.056 154.529
» & ssecond Type 7 -1103 15353
EI ssecond Type 8 -2.87M 0
> ﬁ. ssecond Type 9 0.056 164.416
» ¥, ssecond Type 10 531 139.03
EI ssecond Type 11 2.098 Q
» ﬁ.ssecuﬂdwpe 12 -3.154 128.308
> ﬁ.ssecandwpe 13 318 124.892
» ¥ ssecond Type 14 143 145.12 : 26a |- 27a ) 28a |- 29a |- 30a ) 31a J- 32a ) 33a ) 34a ) 35a |- 36a J-| 37a )4 38a J- 39a |4 40a |
ELS = J ¥
—[ Brwse'rl Render editor J IR T T
DRRelay.gettinglnitialParameters :_':




5| DigR.parameters

planthlame

maxAge

maxRamif

age

seed

outputStep

evolutionTime

Fascicule
9999
3

40.0

s74 € 7 1/igzcl |

(o] [ cma ) o |

Training X01:
Save Parameter File

Look In:

1Type_fascicule fpd [ 23mMortality.fpd [ 51Diameter fpd
[ 1Type_Pivat fod [ 31Branchingfpd
[ 1Type_Pivatsec.fpd 1B
EI 1Type_Plagio.fpd
[ 21ApicalGrowth.fpd ! = ipd
[ 22Death fod [ 42Aangles2 fpd

File Mame: 1Type_fascicule fpd

Files of Type: | All Files @
3 ' Save [ Cancel

60



Lo type
ﬂi @i 2_topology | 3_ramification | 4_angles | 5_diameter | 6_reiteration
general
name First Type
00:1
symbalNumber
L e
b _canen |
L type
1_general | 2_topology | 3_ramification | 4_angles || 5_diameter
_angles .
insemanType | RHIZOTAXY =
IngetianAngle 60.0
InsermionAngleStaDes lop
| 0.0:180.0
phyllotayéngle e —
+ |- t +
PhyllotaxyAnghe StdDav 0.0
Daviatianangle a0
DesiationAngleStdDev 10
BoundingVeriicalConeangle 450
BoundingHorizontalConedngle 450
BoundingCaneLengih 20
|00:00
finalAbsoluleDiectionToVerticallist
S IES ISR IEY
[00:00

bendinglengihList

S IESIESIEY

e -
L type
1_general 3_ramification | £_angles | 5_diameter | &_refteration
topalogy
VerticlleNumber 1
00:1.0
verticilleProba
Lt
0000
growmDelay
Lt
0010
owhSpeed — — — —
L e -]+
GlobalPercentOnGrowthSpeed 0.0
10.0:0.0
T 110:1.0 —
BISIEaIn
Pruninglag 999.0
PruningLagSiaDey 00
PruningExceptionPercent 00

[Lox ] [_cancel |

1_general | 2_topolagy | 3_raminication | 4_angles [ 5_diameter | 6_reiteration

o L

| diameter

InitialDiameter 01
InitiaiDiameterStaDey 0.0
0.0:15.0
diameterncreaseRatio 0010
Ll
00100
diametenncreaseTime m LJ u‘ L’
0000
diametenncreaseDelay m L‘ u‘ L’
DiameterincreaseRatioStdDev 0.0

DiameterincreaseTimeSidDey o0

DiamnaterincreaseDalayStaDey. 00

4 - - -
Lo type
1_general | 2_topology 4_sngles | 5_diameter | &_refteration
Ramification
Default_sel - intarRamifDistance (0.0 :0.1:2.0: 0.2.5.0: 30,51 100.0) typeFrequency (1: 100.0;)
ramificationSets
Ll
b _canen |
| type
1_general | 2_topology | 3_ramification | 4_angles | 5_alameter | 6_refteration
reiteration
MaxRait ]
ReitAngle 300
Reltrhizotaxy 160.0
0.0:10
rediDistance
S BN ERIEY
[00:1000
reilFrequency

L) e
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@J DigR.parameters

General | types

| Plant

second Type
courte

rooiTypes

1

@J DigR.parameters

General | types

| Plant

second Type
courte

rootTypes

@ " Cancel | M |

Training X02:
Declare Typology

L‘ Changz name

L




Training X02:
Change Other Types

| £| DigR.parameters

General m

Bulb
Primary

Secondary

rootTypes

@ | Cancel | ﬂ] |
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@J DigR.parameters

General | types

Plant

rootTypes

Bulo

Primary F

4’|
‘7|

[ Import Nl Export |

£ type
1_general | 2 topology | 3_ramification | 4_angles | 5_diameter | 6_reiteration

general
| name Default_type 2 ‘ |

ESENENIEY

@ Cancel

@J DigR.parameters

I General | types

| Plant

B

Bulb
Primary
Secondary

rootTypes

v . ==

1_general | 2 topology | 3_ramification | 4_angles | 5_diameter | B_reiteration

- =3 |
00 1 |

S LEME]

@ Cancel

_.|
4_|

3

[ Import Nl Export |

@ . Cancel . M



T | Training X02:
o B Save Parameter File

Bulb
Primary
Secondary

roofTypes

B 1Tvpe_fascicule fpe 23Mortality fpd 51Diameter fpd
1Type_Pivotfod 31Branching.fpd

1Type_Pivotsec.fpd 32Branching1Type fpd

1Type_Plagio.fpd 33Branching2Types.fpd

21ApicalGrowth fpd 41Aangles fpd

22Death fod 42Aangles2.fpd

File Mame: 1Type_fascicule fpd

lantM F: jcul [
P ATE ascicule Files of Type: | All Files v

maxAge 9999 . .
[ Save J [ Cancel J

maxRamif 3

age 400

seed [ 8721

outputStep 1.0

evolutionTime 10.0

| Import . Export . M [ Cancel J [ Help J |
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Training X03:
Topology Parameters

|| type

[ 1_general H 2_t-;)pnl—:}gﬂ 3_ramification T 4_angles I 5_diameter I G_reiteration ]
topology

VerticilleMumber 1

i Dghpwameters (| [00:10
| verticilleProba
| General | types

Plant

10.0:00

Primary growthDelay

Secondary
Tertiary

oottype 100:10

growthSpeed

GlobalPercentOnGrowthSpeed

deathProba

PruningLag

[ s ] l S J l Help J PruningLagStdDev 0.0

PruningExceptionPercent 0.0

—

Szz corrzsponding slidzs for parameizrs dzifiniiion
@ - Cancel -

ana.
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DigR.parameters

General | types

Plant

Primary
Secondary
Tertiary

rootTypes

[OK ] l Cancel J l Help J

Training X04:
Ramification Parameters

—r—
R 2 202020 20 020 2 2 2 2 2 2 2

[ 1_general T 2_topology H 3_ramification ]T 4_angles T 5_diameter T G_reiteration ]

Ramification

ramificationSets

Default_set: interRamifDistance (0.0 0.1;2.0: 0.2;5.0: 3.0;5.1 : 100.0;) typeFrequency (1 :100.0;)

I Doubfz LzfFr Click fo zdif 1hz 52§

®
Lzf Click fo add a sz7




Training X04:
Ramification Parameters

[;J RamificationSet

typeFrequency

TypeFrequency3tdDev

interRamifDistance

22 corp2599/ellilg Sliclz for dardml 22 d2f i

alljes
/1
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Training X05:
Angles Parameters

|| type

[ 1_general T 2_topology I 3_ramification T 4_angles T 5_diameter I G_reiteration ]

angles

inserionType | RHIZOTAXY

— InsertionAngle 60.0

. \ .
| | General | types InsertionAngleStdDeyv 0.0

Plant

0.0:180.0

: phyllotaxyAngle
Primary

Secondary
Tertiary

PhyllotaxyAngleStdDey
rootTypes

DeviationAngle

DeviationAngleStdDey

BoundingVericalConeAngle

BoundingHorizontalConeAngle

BoundingConelLength 20

10.0:00

[ oK ] [ Cancel J [ Help J finalAbsoluteDirectionToVerticalList

10.0:00

bendingLengthList

L
-

] l:J
122152 f IO

.).,:,LGJFF«"',JJf}_/ff}_jT;//_/é_‘)"—fJf—,JJfJ
@ Cancel

anad. ana. 73
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Training X06:
Diameter Parameters

| £ type
[ 1_general T 2_topology T 3_ramification T 4_angles T 5_diameter T 6_reiteration ]

diameter

InitialDiameter [0_1|

InitialDiameterStdDev 0.0
[EJ DigR.parameters

General | types

|| Piant diameterincreaseRatio

Primary
Secondary
Tertiary

diameterincreaseTime
rootTypes

diameterincreaseDelay

DiameterincreaseRatioStdDev

DiameterincreaseTimeStdDev

DiameterincreaseDelayStdDev

[ oK ] l Cancel J l Help J

Jzz corrzsoonding slidz for paramezizrs definifiorn

[E] . Cancel . |
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Training XO07:
Reiteration Parameters

|| type

[ 1_general T 2_topology I 3_ramification T 4_angles I 5_diameter T B_reiteration ]

reiteration

MaxReit [ 0

- — Reitdngle 30.0
- .

E D'gp“pamm«

| | General | types Reitrhizotaxy 180.0

Plant

100:10

: reitDistance
Primary

Secondary
Tertiary

| 0.0:100.0

rootTypes )
reitFrequency

[ oK ] l Cancel J l Help J

Jzz corrzsoonding slidz for paramezizrs definifiorn

@ - Cancel - ..
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PERSPECTIVES



Spaiial Mode].

l
faey}f(ppmeﬂf Models

ppivd _./
L == S |
Organs-Scale—== Plot Scale
/
Nuirient acquisition Model.
S0/l Mode 3D complete Palm-Tree Functional Model:o
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