
MODELING 
TOMATO ROOT 
WATER UPTAKE 
MARCO D’AGOSTINO1, RÉMY SCHOPPACH, ADRIEN HEYMANS2, 
VALENTIN COUVREUR1, GUILLAUME LOBET1,3

1Earth And Life Institute, UCLouvain, 1348 Louvain -La-Neuve, Belgium

2Umeå Plant Science Centre, Department Of Forest Genetics And Plant Physiology, Umeå, Sweden

3Agrosphere IBG-3, Forschungszentrum Jülich, 52428 Jülich, Germany

INFLUENCE OF SECONDARY GROWTH, HYDROPHOBIC BARRIERS 
AND DEVELOPMENTAL ANATOMY ON ROOT HYDRAULIC PROPERTIES

2025



2

VALENTIN 
COUVREUR

GUILLAUME 
LOBET

XAVIER
DRAYE



ROOT WATER UPTAKE

Lobet et al. 2014
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Lobet et al. 2014
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• DEFINES LOCAL WATER UPTAKE

• PRESENTS TRAITS OF INTEREST

• HAS PHENOTYPIC DIVERSITY

• IS UNDER-EVALUATED IN
PHENOTYPING !

• DIFFICULT TO ACCESS IN 
HIGH-THROUGHPUT

ANATOMY



WE USE FUNCTIONAL-
STRUCTURAL MODELS TO 
REPRESENT PLANT WATER UPTAKE
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WE USE TOMATO AS PLANT MODEL
BECAUSE IT HAS...

7

COOL PEOPLE
WORKING ON THAT

Siobhan 
Brady
UCDavis Magdalena 

Julkowska 
Cornell 

University

Muriel Quinet
UCLouvain

SECONDARY 
GROWTH

SPECIFIC 
HYDROPHOBIC 
BARRIERS

SUPER-INTERESTING 
GENETIC DIVERSITY

Théo 
Degand

UCLouvain



8

WE GREW TOMATO 
(Solanum lycopersicum Moneymaker) 
IN AEROPONICS



WE QUANTIFIED 
TOMATO ROOT ANATOMY
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WE UPDATED
A GENERATOR OF ROOT ANATOMY
TO INCLUDE SECONDARY GROWTH
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github.com/granar/

https://github.com/granar/granar


WE MONITORED 
HYDROPHOBIC BARRIERS

12

SUBERIN
LIGNIN



13

GENERATOR OF 
ROOT ANATOMY

Heymans et al. 2020

SOLVER OF 
HYDRAULIC 
ANATOMY
Couvreur et al. 2018

Hydrophobic depositions :
• 3 tomato :

- Ex.CS
- Ex.CS-Ex.LC
- Ex.CS-Ex.Sub

• 3 contrasts with En.Sub



RESULT 1 : 
IMPACT OF 
HYDROPHOBIC 
BARRIERS 
ON RADIAL 
CONDUCTIVITY
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En.CS En.Sub

−22.5%
*** −5.9%

***

+Ex.LC

+Ex.Sub

+Ex.LC
+Ex.Sub

Liginin cap 
decreases 𝒌𝒓

Suberin also does,
but in a much 
lesser extent !

Suberin in exodermis 
keeps 𝒌𝒓 higher than 
with suberin in 
endodermis
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ROLES OF SUBERIN ?
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RESULT 2 : 
IMPACT OF 
SECONDARY 
GROWTH
ON HYDRAULIC 
PROPERTIES
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AXIAL CONDUCTANCE
INCREASES WITH SECONDARY GROWTH
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... AND RADIAL CONDUCTANCE INCREASES

En.CS
En.CS+Ex.LC
En.CS+Ex.Sub

×
segment 
surface
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RADIAL CONDUCTIVITY DECREASES 
WITH SECONDARY GROWTH...

   

   

   

    

    

       

       

 
  
  
 
 
 
 
  

  
 
 
 
 
  

 
 
  

       

  

  

  

   

   

   

       

       

 
  
  
 

 
  

 
 
 
 
  

 
 
  

       

  

  

  

RADIAL CONDUCTIVITY 
[10-8 ms-1MPa-1]

RADIAL CONDUCTANCE 
[m3s-1MPa-1]



APPLICATION:
APPLY
HYDRAULIC 
PROPERTIES TO 
TOMATO 
ROOT SYSTEM 
HYDRAULIC 
ARCHITECTURE
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HIGHLIGHT 1 :
SECONDARY GROWTH 
ALLOWS FOR HIGHER 
ROOT SYSTEM CONDUCTANCE
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HIGHLIGHT 2 :
SECONDARY GROWTH 
SHAPES DIFFERENT 
WATER UPTAKE PROFILE
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REDUCES 𝒌𝒓. 
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PROTOCOLS
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... AND RADIAL CONDUCTANCE INCREASES

En.CS
En.CS+Ex.LC
En.CS+Ex.Sub

×
segment 
surface
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RADIAL CONDUCTIVITY DECREASES 
WITH SECONDARY GROWTH...
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