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ROOT SYSTEMS  
ARE COMPLEX  
& GET MESSY  
REALLY QUICKLY!



LATERAL ROOT 
GROWTH IS OFTEN 
ASSUMED TO BE 
HOMOGENEOUS



"
Passot, Moreno et al, 2018 

Plant Physiology

LATERAL ROOT 
CAN HAVE 
DIFFERENT 
BEHAVIOURS

Sixtine 
Passot

"
Müller et al, 2019 
TIPS

https://www.ncbi.nlm.nih.gov/pubmed/29752308
https://authors.elsevier.com/a/1Zbi74rGdjISqQ
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LATERAL ROOT CAN HAVE DIFFERENT ANATOMIES

"
Passot, Moreno et al, 2018 

Plant Physiology

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


WHAT IS THE  
FUNCTIONAL 
IMPLICATION 
OF HAVING 
DIFFERENT 
LATERAL ROOT 
TYPES?

WWW.WOOCLAP.COM/USEPS10
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WATER FLOW IN THE  
SOIL-PLANT-ATMOSPHERE
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WATER FLOW IN 
THE SOIL-PLANT-
ATMOSPHERE IS 
A PASSIVE 
PROCESS
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FLUX = ∆P . K

-0.6 MPA -0.5 MPA



ARCHITECTURE

CONDUCTIVITIES  
CAN BE REGULATED

Root

Potential / conductivity

SOIL!11

"
Lobet et al 2014 

Plant Physiology

AXIAL 
CONDUCTIVITY

RADIAL 
CONDUCTIVITY

https://www.ncbi.nlm.nih.gov/pubmed/24515834
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!12

Root 
hydraulic 

architecture

VARIABLES NEEDED  
TO UNDERSTAND  
WATER FLOW  
IN THE SOIL-PLANT 
SYSTEM

WATER 
UPTAKE 

DYNAMICS#
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PLANTS 
MODELS 

CAN HELP 
INTEGRATE 

INFORMATION 
ACROSS THE 

WHOLE SYSTEM
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Root 
hydraulics
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ROOT  
HYDRAULICS

1
Root 
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architecture

Root 
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ROOT CONDUCTIVITY = ANATOMY + CONDUCTIVITIES 

CELLSET XML

"
Pound et al, 2012 

Plant Cell

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


ROOT ANATOMY +  
CONDUCTIVITIES 



!17 MODELLING WATER FLOW AT THE ORGAN SCALE 

- MECHA -

FLUXES IN  
CELL WALLS

FLUXES IN  
CELL MEMBRANES

PRESSURES IN 
CELLS

RADIAL CONDUCTIVITY# AXIAL CONDUCTIVITY#



- ENDODERMIS 
- EXODERMIS

+ ENDODERMIS 
+ EXODERMIS

PARTIAL SOIL CONTACT

WATER  
POTENTIAL  
GRADIENT

HYDROPATTERNING
HYDROTROPISM



mecharoot.github.io!

"
Couvreur et al, 2018 

Plant Physiology

Open Source$

http://mecharoot.github.io
http://doi.org/10.1104/pp.18.01006
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GENERATOR OF ANY TYPE OF ROOT ANATOMY  
- GRANAR - 
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XYLEM POLES / CORTEX / AERENCHYMA / …

"
Heymans et al, 2019, 

bioRxiv

http://doi.org/10.1101/645036


EFFECT OF ANATOMY ON RADIAL CONDUCTIVITY

Relative kr [-]

+20%

-20%

-40%

MORE XYLEM VESSELS

MORE AERENCHYMA

WIDER CORTEX
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granar.github.io!

"
Heymans et al, 2019 

bioRxiv

Open Source$

http://granar.github.io
http://doi.org/10.1101/645036
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MANUALLY  
DIGITALIZE

A B

SMARTROOT 

ROOTNAV 

ROOTSYSTEM 
ANALYSER

HIGH  
DEDICATION
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SAMPLE  
THE IMAGE

PARAMETERS  
FOR ROOT 

MODEL

smartroot.github.io!

"
Lobet et al, 2011 

Plant Physiology

$ Open Source

- SMARTROOT -

http://smartroot.github.io
https://www.ncbi.nlm.nih.gov/pubmed/21771915
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“SMALL” SET OF PARAMETERS

 - CROOTBOX - 

DYNAMIC ROOT ARCHITECTURE#
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bit.ly/crootbox!

"
Schnepf et al, 2018 

Annals of Botany

$ Open Source

http://bit.ly/crootbox
https://www.ncbi.nlm.nih.gov/pubmed/29432520
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Axial flux 
J = Kx . (Pr1 - Pr2)

Radial flux 
J = Kr . (Pr1 - Psoil)

FLUXES 
ROOT SYSTEM CONDUCTIVITY [Krs] 
INTRINSIC UPTAKE CAPABILITY

ROOT SYSTEM + 
CONDUCTIVITIES =  
HYDRAULIC 
ARCHITECTURE

#
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marshal-root.github.io!

 - MARSHAL - 

Open Source$

http://marshal-root.github.io
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NOT ALL TRAITS HAVE THE SAME QUANTITATIVE EFFECTS
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DOES THE SOIL MATTERS?

Water potential [MPa]
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“When the soil is wet it has little 
influence on the uptake of water 

from it by the plant. When it is dry 
it has a large influence. When it is 
neither wet nor dry, the extent of 

influence is a matter of 
controversy.”

Passioura, 1980

drying"
Draye et al. 2010 

JExpBot

http://doi.org/10.1093/jxb/erq077


MODELLING SOIL-PLANT WATER MOUVEMENT 
 - RSWMS -

bit.ly/rswms!

"
Javaux et al, 2008 

Vadose Zone Journal

http://bit.ly/rswms
http://doi.org/10.2136/vzj2007.0115


SOIL PROPERTIES 
SHAPE THE 
WATER UPTAKE

soil w
ater potential (M

Pa)

Clay Clay-loam Loam

= ROOT ARCHITECTURE 

= HYDRAULIC PROPERTIES 

= INITIAL WATER CONTENT 

DIFFERENT SOIL TYPES

"
Draye et al, 2010 

JExpBot

https://www.ncbi.nlm.nih.gov/pubmed/20453027


SOIL WATER CONTENT SHAPES THE WATER UPTAKE

COMPENSATORY 
 UPTAKE
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Guillaume Lobet  | 

WRAPPING UP
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bit.ly/water-network-app! "
Passot, Couvreur, Meunier et al 2018 

JExpBot
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http://bit.ly/water-network-app
http://doi.org/10.1101/312918


WE CAN LINK 
MODELS 

AND  
EXPERIMENTS

TO GET MORE 
FUNCTIONAL 

INFORMATIONS

!48



MAKING MODELS USABLE FOR EVERYONE

CAPABILITIESUSABILITY

WEB APPLICATION  
[R SHINY] 

STUDENTS / CURIOUS

LIBRARIES, NOTEBOOKS  
[PYTHON, R] 

USERS

CORE MODELS  
[PYTHON, R, C++] 

DEVELOPPERS



WHAT I DID NOT  TALK ABOUT

- NUTRIENT UPTAKE 

- SOLUTE DYNAMICS IN THE SOIL 

- SALT STRESS MODELLING 

- GROWTH IN MACROPORES 

- CARBON MODELLING 

- WHOLE PLANT MODELLING 

- … 
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www.rosi.science!
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ALL MODELS ARE WRONG 
BUT SOME ARE USEFUL 
G. BOX [1978]

% bit.ly/lobet-useps10

% bit.ly/lobet-useps10-papers

http://bit.ly/lobet-useps10
https://doi.org/10.6084/m9.figshare.6890744.v1
http://bit.ly/lobet-useps10-papers
https://paperpile.com/shared/I43nFP

