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Nanobubbles in xylem sap provide unexpected support for the cohesion 

tension theory 
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Long distance water transport in plants relies on a system that typically operates under 

tension as commonly accepted by the cohesion tension theory. This system, however, is 

prone to hydraulic failure due to gas bubble formation, a phase change from liquid water to 

vapour, resulting in trapped gas emboli that disable the hydraulic pathway. One primary 

mechanism of gas bubble formation takes place at nanoporous cell wall structures between 

neighbouring water conducting cells, but our mechanistic understanding of this process is 

unclear. 

Nanobubbles are likely to be formed in rapid snap-off events by the movement of an air-

water meniscus through pores with complex geometries in the cellulose nanofibrils of 

interconduit pit membranes. Nanobubble formation is driven by an increase of the local liquid 

pressure and energetically favoured over rupture of hydrogen bonds between water 

molecules (Schenk et al. 2015). The formation and stabilisation of nanobubbles is strongly 

affected by surfactants in xylem sap. Depending on the gas solubility of the sap and the 

radius-dependent surface tension of the surfactant layer, nanobubbles may dissolve, form 

surfactant micelles, become destabilized when their critical radius reaches the Blake 

threshold, lead to embolism formation, or fragment into smaller bubbles. Experimental 

evidence supporting the existence of nanobubbles in plants comes from their visualisation 

using cryo-freeze fracture transmission electron microscopy, supersaturation of xylem sap 

with gas, and the observation of amphiphilic lipids in xylem sap and interconduit pit 

membranes. The hypothesis that safe and stable nanobubbles occur in plants complements 

the cohesion-tension theory. 
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