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ROOT SYSTEMS  
ARE COMPLEX  
& GET MESSY  
REALLY QUICKLY!
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LATERAL ROOT CAN HAVE DIFFERENT BEHAVIOURS

"
Passot, Moreno et al, 2018 

PMID: 29752308

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


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



WATER FLOW IN 
THE SOIL-PLANT-
ATMOSPHERE IS 
A PASSIVE 
PROCESS
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FLUX = ∆P . K
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ARCHITECTURE

CONDUCTIVITIES  
CAN BE REGULATED

Root

Potential / conductivity

SOIL!7

"
Lobet et al 2014 

PMID: 24515834
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https://www.ncbi.nlm.nih.gov/pubmed/24515834
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WATER FLOW  
IN THE SOIL-PLANT 
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ROOT ANATOMY +  
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!11 MODELLING WATER FLOW AT THE ORGAN SCALE 

- MECHA -

FLUXES IN  
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CELL MEMBRANES

PRESSURES IN 
CELLS

RADIAL CONDUCTIVITY+ AXIAL CONDUCTIVITY#



mecharoot.github.io!

"
Couvreur et al, 2017 

DOI: 10.1101/147314

Open Source$

http://mecharoot.github.io
http://doi.org/10.1101/147314
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GENERATOR OF ANY TYPE OF ROOT ANATOMY  
- GRANAR - 
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XYLEM POLES / CORTEX / AERENCHYMA / …

bit.ly/granar-root!

Open Source$

http://bit.ly/granar-root
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SAMPLE  
THE IMAGE

PARAMETERS  
FOR ROOT 

MODEL

smartroot.github.io!

"
Lobet et al, 2011 

PMID: 21771915

$ Open Source

- SMARTROOT -

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

 - CROOTBOX - 
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bit.ly/crootbox!

"
Schnepf et al, 2018 

PMID: 29432520

$ 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]

ROOT SYSTEM + 
CONDUCTIVITIES =  
HYDRAULIC 
ARCHITECTURE

#
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bit.ly/marshal-root!

 - MARSHAL - 

http://bit.ly/marshal-root
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MODELLING SOIL-PLANT WATER MOUVEMENT 
 - RSWMS -

bit.ly/rswms!

"
Javaux et al, 2008 

DOI: 10.2136/vzj2007.0115

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


SOIL PROPERTIES 
SHAPE THE 
WATER UPTAKE

soil water potential (M
Pa)

Clay Clay-loam Loam

= ROOT ARCHITECTURE 

= HYDRAULIC PROPERTIES 

= INITIAL WATER CONTENT 

DIFFERENT SOIL TYPES

"
Draye et al, 2010 

PMID: 20453027

https://www.ncbi.nlm.nih.gov/pubmed/20453027
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Guillaume Lobet  | 

WRAPPING UP



Soil  
properties

R-SWMS

Water  
uptake  

dynamics

MARSHAL

Root 
system 

hydraulics

MECHA
Anatomical 

network
Root 

hydraulics
Cross  

section  
image

CellSet

GRANAR

CRootBoxSmartRoot

Root 
system 
image

Root 
architecture

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

DOI: 10.1101/312918

" !$

" !$

!$

" $ " !$

"

http://bit.ly/water-network-app
http://doi.org/10.1101/312918
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© Pedro Albuquerque

JUPYTER NOTEBOOKS WITH EXAMPLES 

ALL TOOLS OPEN SOURCE 

FULL PLANT MODEL 
. . .



MODELS AS TEACHING TOOLS IN PLANT PHYSIOLOGY

www.botalgorithme.be!
(in french)

http://www.botalgorithme.be
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www.rosi.science!

"
Passot, Couvreur, Meunier et al 2018 

10.1101/312918
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