
HAL Id: hal-01191374
https://hal.science/hal-01191374

Submitted on 3 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Dynamics of cavitation in real and artificial trees
Olivier Vincent, Eric Badel, Hervé Cochard, Philippe Marmottant

To cite this version:
Olivier Vincent, Eric Badel, Hervé Cochard, Philippe Marmottant. Dynamics of cavitation in real
and artificial trees. 7th Plant Biomechanics International Conference, Institut National de Recherche
Agronomique (INRA). UMR UMR INRA / Univ. Clermont 2 : Physiologie Intégrée de l’Arbre Fruitier
et Forestier (PIAF) (0547)., Aug 2012, Clermont-Ferrand, France. 1 p. �hal-01191374�

https://hal.science/hal-01191374
https://hal.archives-ouvertes.fr


Dynamics of cavitation in real and artificial trees 

  

Abstract type 
Oral presentation 

Session 
Int-Flow 

Submitted by 
Olivier Vincent 

Authors and Speakers 
Olivier Vincent 

Information about other authors 
 
Olivier Vincent1*, Eric Badel2, Hervé Cochard2, Philippe Marmottant1  
 
1 CNRS and University of Grenoble, UMR 5588 Lab. Interdisciplinaire de Physique, France 
  2 INRA UMR547 PIAF, F-63100 Clermont-Ferrand, France  
 

Abstract 
 
In a tree, water is transported from the roots to the leaves by the xylem structure composed of conducting 
elements (tracheids in gymnosperms and vessels in angiosperms). This is achieved by evaporation in the 
leaves which pulls the whole water column up, that is under tension (or negative pressure). Despite being a 
very efficient and passive way to create fluxes, this mechanism has an important drawback: water under 
tension is metastable and bubbles can spontaneously appear inside it, leading to embolism due to the 
subsequent expansion of these bubbles. This harmful process is called cavitation. 
There has been a lot of effort in the past decades to understand how cavitation happens, propagate, or can be 
repaired. One of the main limitations to the study of cavitation is that it is virtually impossible to directly 
observe events in wood. As a result, most investigations use indirect techniques such as ultrasound emissions, 
the origin of which is still debated. 
We developed a method to observe cavitation events optically, by cutting tangential slices of pinewood that 
are thin enough (50-100 µm) to let light pass through and to contain at least one intact tracheid in the radial 
direction. These wood slices are completely embedded in a hydrogel to prevent any direct air entry. Negative 
pressure is generated in the tracheids by drying the extremities of the samples at ambient conditions or in a 
controlled humidity chamber. Cavitation events can either be triggered by a laser or appear spontaneously 
after a sufficient drying time. 
We discovered that individual cavitation bubbles have a two steps expansion process. In the first extremely 
fast step, a bubble appears at a microsecond timescale and reaches a transiently stable volume. The second 
step immediately follows: the bubble expands until filling the whole tracheid. We will show that if this filling 
process follows a diffusive dynamics in t½, the global drying (or “embolism”) front in the wood samples 
grows linearly in time. We will present a simple physical modelling that explains this particular dynamics. 
We will conclude by showing that we can get some insight in the previous dynamics by the study of 
“artificial trees” made of microfluidic channels embedded in a hydrogel. In particular, we found that the 
ultra-fast birth of the bubble presents volume oscillations. We expect these oscillations to play a role in the 
acoustic emissions detected during cavitation, and this study should help interpreting the recorded signals. 
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