HOW CAN WE USE

COMPUTATIONAL TOOLS TO Guillaume Lobet, Adrien Heymans,

Valentin Couvreur. Xavier Draye,

EXT EN D OU R U N D ER STAN D‘ N G O |: Mathieu Javaux, Daniel Leitner,

WATER RELATIONS IN PLANTS 2 podkea Scorept Jnverderborgh

) oguillaumelobet
® bit.ly/lobet-usepsia

JULICH

Forschungszentrum

W UCLouvain 9)

® bit.ly/lobet-usepslB-papers



http://bit.ly/lobet-useps10
https://doi.org/10.6084/m9.figshare.6890744.v1
http://bit.ly/lobet-useps10-papers
https://doi.org/10.6084/m9.figshare.6890744.v1

OM/USEPS10

.
)
1
>
.

23 gy -4 T Sy

A PR AT B

DR AR @S e A g

2

~ <

’.
B
s .Ma-.\s.

R x
.V\._

P
-



ROOI SYSTEMS

COMPLEX

AR

| MESSY

& G
REA

Y QUICKLY!




LATERAL ROOT

GROWTH IS O

ASSUMED 1O

_%_

—I\

HOMOGENEOUS

/.

rrrrrrrrrrrrrrrr



LATERAL ROOT
CAN HAVE
DIFFERENT

BEHAVIOURS

Sixtine
Passot

Passot, Moreno et al, 2018
Plant Physiology

Miller et al, 20819
TIPS



https://www.ncbi.nlm.nih.gov/pubmed/29752308
https://authors.elsevier.com/a/1Zbi74rGdjISqQ

RAL ROOT CAN HAVE DIFFERENT ANATOMIES

LA

Sixtine
Passot

Root growth rate [cm/jour]

Passot, Moreno et al, 2018
Plant Phuysiology

Time [clcuys]



https://www.ncbi.nlm.nih.gov/pubmed/29752308

W H

OF

Al 1S TH

FUNCTIONAL
IMPLICATION

HAVING

Blis
LAT

—ERENT
-RAL ROOIT

1YPES?

(") www.woocLAP.cOM/USEPS10



\X/ATER FI_Q\X/ IN THE
SOIL PLANT AT/\/\OSPH ERE




/
ok L:F WATER FLOW IN
M B THE SOIL-PLANT-
05 — ATMOSPHERE IS
vl 4 A PASSIVE
-0.4 PROCESS
vl 4
MPa

UJ JULICH

FFFFFFFF gszentru



FLUX = AP O

_
O

-0.6 MPA -0.5 MPA




SOIL

2l

Potential / conductivity

CONDUCTIVITIES AXIAL

CAN

_%

Lobet et al 2014
Plant Physiology

- REGULATED

CONDUCTIVITY

RADIAL
CONDUCTIVITY

O

UJ JULICH

FFFFFFFF gszentru



https://www.ncbi.nlm.nih.gov/pubmed/24515834

1O UN

WA

R

VARIABLES NEEDED
DERSTAND yaroics omorties
“LOW
= SOIL-PLANT

IN TH

SYS

=V

Root
architecture

Root

hﬁﬁadk
architecture O

WATER
UPTAKE
DYNAMICS




PLANTS
MODELS
CAN HELP
INTEGRATE

INFORMATION
ACROSS TH
WHOLE SYS TEM

l) JULICH

Forschungszentrum




Root Soi
hydraulics Sroperties

ROOT
HYDRAULICS

Root
architecture

‘ | Y Root
y A _.; : Wﬁmdt
' architecture
Xavier Valentin Guillaume Adrien O
Draye Couvreur Lobet Heymans Weter
uptake

dynamics



OO CONDUCTIVITY = ANATOMY + CONDUCTIVITIES

CELLSET XML

Pound et al, 20812
Plant Cell



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3398551/

OOl ANATOMY +
CONDUCTIVITIES

/.

rrrrrrrrrrrrrrrr



Wall

—LUX
CELL WALLS

© RADIAL CON

-LLING WATER

—LOW/ AT TH
- MECHA -

“ o0
s.‘P_
+
. Trans-
£ e membrane
(! F I g flux
0, r [1e7*m/s]
&
23 ¥
» 3
. % »
oiteuiy ©
g &
s b‘;\&
{ K
"— .
L
" lf‘t ‘0‘
ir¥.' K .
et
St b 4

-LUXES IN
CELL MEMBRANES

DUCTIVITY ° AXIAL CON

- ORGAN SCAL

—SoU
CELLS

Cell
pressure
[hPA]

l 8000

7800

7600

7400

-S IN

DUCTIVITY



PARTIAL SOIL CONTACT

'

WATER
POTENTIAL
GRADIENT




MECHA - Model of Explicit Cross-section Hydraulic Anatomy

Valertin Couvreur, Mare Faget, Guillaume Looet, Mathicu Javeux, Frango s

Chaument anc Xevier Draye Tissue layers Cell walls pressure Cells potentials

Universit¢ catholique de Louvain, Forschurgszentram Juelich GmbH Visualisation of the different cell layers used in the simulaticn Pressure within the cell walls of the cross section Pressure within the cell cf the cross section

Choose plant Change parameters About

Choose a simulation to visualize
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http://granar.github.io
http://doi.org/10.1101/645036
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A fers [GGIAESS  Linked files | Data transfer | Plot = Settings = About |

R17_3.tif (16.7%)

= R17_3 Number of selected roots = 10
Total root length [cm] = 137.44354
Total root surface [cm2] = 50.408943
Total root volume [cm3] = 1.6102421
Mean root length [cm] = 13.744354
Mean root diameter [cm] = 0.10708125
Mean root surface [cm2] = 5.0408945

~ Mean root volume [cm3] = 0.16102421
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http://smartroot.github.io
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CRootBox

This app displays the capabilities of the CRootBox model.

Choose a dataset, unleash CRootBox, then try changing
the parameters.

Daniel Leitner, Guillaume Lobet, Magdalena Landl, Mirjam Zomer,
Shehan Morandage, Trung Hieu Mai, Cheng Sheng, Jan
Vanderborgth, Andrea Schnepf

Forschungszentrum Juelich GmbH

1. Load parameter set

1. Select root system dataset

Brassica napus a v

The algorithmic beauty of plant roots - an L-
System model far dynamic root growth
simulation

Leitner D, Klepsch S, Kniel3 A, Schnepf A
Mathematical and Computer Modelling of Dynamical
Systems, 16, 575-587, 2010

View paper

_ Black and white root system

o Unleash CRootBox

G Open Source
@ bit.lyu/crootbox

Schnepf et al, 2018
Annals of Botany

2. Update parameters

2. Select root type

taproot v
Select parameter to change
Length of basal zone [em] v

Parameter mean:

0 0.6 16 24 3.2 o 48 S6 64 72 )

Parameter deviation [%]:

o @ 60
| :::; | [ | | | | | |
0 S 10 15 20 25 30 35 40 45 c0
Length of basal zone [cm]

Length of the unbracnhed basal zone of the root

3. Select plant parameter to change

Planting depth [cm] v

Parameter value:

Planting depth [cm]
The depth, in cm, at which the seed is placed in the
soil

< Update root system K3
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https://www.ncbi.nlm.nih.gov/pubmed/29432520
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MARSHAL

Root architecture
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Root system representation
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DOES THE SOIL MATTERS”

o cultivated soils
L
S “When the solil is wet it has little
§ influence on the uptake of water
\E plant from it by the plant. When it is dry
— 10 it has a large influence. When it is
S neither wet nor dry, the extent of
O soil | |
2 influence is a matter of
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o | 0-20 _
I | > ) .
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http://doi.org/10.1093/jxb/erq077
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http://bit.ly/rswms
http://doi.org/10.2136/vzj2007.0115
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https://www.ncbi.nlm.nih.gov/pubmed/20453027
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