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How to generate movements without muscles and nerves? This challenge - which concerns both microfluidics and 
robotics - has long been solved by plants [1]. Yet the physical mechanisms used by plants to generate rapid active 
movements are still poorly understood. 
 
Our goal is to address the ‘active mechanics’ of rapid movement in plants using the sensitive plant Mimosa 
pudica as a model for study. Mimosa folds its leaflets and stems in 1 second by expanding/shrinking the pulvinus: a 
beam-like organ made of thousands of motor cells (figure). Mimosa pudica has been studied for more than a century and 
is often considered as the paradigm of water-driven movements in plants. Surprisingly, however, no clear demonstration 
of its actuation mechanism has been made at the mechanical level, through real-time and in situ characterization of the 
tissue/cell elastic or hydraulic properties. 
 
The objective of this PhD, is to unveil this active mechanism using tools and concepts from soft condensed 
matter physics, by combining experiments at the plant, tissue and cellular scales. We will first address the 
kinematics of the movement, characterizing in details the pulvinus surface deformation field associated to motion using 
image analysis. We will then measure the force exerted by the pulvinus during plant triggering, drawing analogies and 
differences with animal muscles. Finally, we will tackle the microscopic mechanism of motion at the cellular level, using 
nanoindentation or fluid pressure probe techniques to detect possible rapid osmotic flow or rheological change in the plant 
material [2].   
 
This project is part of the ANR BioSoftAct, and follows the ERC Plantmove devoted in the team to the physics of mechano-
perception and movement in plants. It will benefit from collaborations with experts in bio-inspired engineering (Institut des 
Sciences du Mouvement, Aix-Marseille) and plant sciences (PIAF laboratory, INRAE Clermont-Ferrand).  
 
Students enjoying soft matter and fluid physics applied to living matter are very much welcome to apply! 
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