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! Lobet et al. 2014 
     PMID: 24515834

WATER FLOW IN THE SOIL-PLANT-ATMOSPHERE
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! Lobet et al. 2014 
     PMID: 24515834

REGULATION OF  
WATER FLOW
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! Luttge et al. 1994

!  Doussan et al. 2006, Plant and Soil

APOPLASTIC  
BARRIERS DEVELOPMENT
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 SYSTEM SENSITIVITIES TO CONDUCTIVITIES
radialaxial soil
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USING FSPM TO  
ANALYSE EXPERIMENTAL DATA1
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MODELLING SOIL-PLANT WATER MOUVEMENT
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!   Javaux et al. 2008,  Vadoze Zone J.

"  bit.ly/rswms
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L I G H T  T R A N S M I S S I O N  I M AG I N G
8

!  Garrigues et al. 2006, Plant and Soil!  Lobet 2015, figshare



Conductivities
New variables

Uptake sites

Water potential
Soil water content

3D water flow
soil-root domain

Transpiration

Root system

Soil properties

Soil water content
VALIDATION

R-SWMS
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measured soil water content [-]
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] r-squared = 0.67 
RMSE = 0.047 
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USING FSPM TO ANALYSE EXPERIMENTAL DATA
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11

MODEL OF EXPLICIT  
CROSS-SECTION 
HYDRAULIC 
ANATOMY

MECHA
S

2
!  Couvreur et al 2017, biorXiv
"  BIT.LY/MECHA-PAPER



Image of root 
cross section

Cell scale hydraulic 
measurements 
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MECHA USES REAL EXPERIMENTAL DATA
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- ENDODERMIS 
- EXODERMIS

+ ENDODERMIS 
+ EXODERMIS

WATER POTENTIAL IN CELLS13
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FLUXES IN WALLS AND MEMBRANES14
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SENSITIVITY TO CELL-SCALE PROPERTIES

High kw    ||    Low Kpd Low kw    ||    High Kpd

Apoplastic
Symplastic

Xylem
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SENSITIVITY TO CELL-SCALE PROPERTIES

Plasmodesmata conductivity
Cell membrane conductivity
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HYDROPATTERNING ARISES FROM HETEROGENEITY

!  Bao et al. 2014 
       PMID: 24927545
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- ENDODERMIS 
- EXODERMIS

+ ENDODERMIS 
+ EXODERMIS

PARTIAL SOIL CONTACT
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TRY OUT THE MODEL "  BIT.LY/ROOTMECHA
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WRAPPING  
UP
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WE CAN LINK 
MODELS 

AND  
EXPERIMENTS

TO GET MORE 
FUNCTIONAL 

INFORMATIONS
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DIFFERENT MODELLING STRATEGIES 
FOR SIMILAR QUESTIONS
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TOP-DOWN BOTTOM-UP



M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

Mathieu  
Javaux

Xavier 
Draye

Valentin  
Couvreur

Félicien  
Meunier

23AC K N OW L E D G E M E N T S



M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

@Frederic_Bouche 
@ErinSparksPhD 
@LarryMattYork

150 illustrations

"  bit.ly/pillust 

CONTRIBUTE
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Presentation available on figshare

bit.ly/lobet-ipg17"

"  bit.ly/rswms

"  bit.ly/rootmecha

“All models are 
wrong, but some 

are useful”
George Box, 1987
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