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The Wolffia effect: from biological to physical
anchoring — meniscus engineering in a rootless

duckweed
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The transition from land towater in Lemnaceae represents an extreme case of reductive evolution, culminating
in theminute, rootless genusWolffia. Aerenchyma explains buoyancy, but not howmicroscopic fronds remain
upright, avoid rolling, and aggregate into cohesive colonies without any biological anchor. We addressed this
in Wolffia globosa combining microscopy, surface metrology, histochemistry and mathematical modelling.

High-magnification and laser imaging revealed that the waterline around each frond is not flat: reflective
points along the perimeter mark localised deformations of the air–water interface, while ESEM excluded
any anatomical protrusion. Laser scanning profilometry showed alternating upward and downward menisci,
with a bimodal distribution of contact angles (θup = 78.0 ± 3.0°, θdown = 96.1 ± 2.2°; n = 68). Neutral Red
histochemistry mapped a matching wettability pattern: an undulated contact line between the unstained
hydrophobic dorsal epidermis and the stained hydrophilic ventral one. Removing surface tension with a
surfactant abolished the menisci and submerged the plants, showing that aerenchyma provides buoyancy
while surface tension provides anchoring and orientation.

A finite-element model parameterised on these values reproduces the observed multipolar capillary field and
predicts a short-range (<0.4 mm) attractive force between neighbouring fronds — the “Cheerios effect” —
sufficient to drive passive self-assembly into stable rafts.

We propose that biologically patterned epidermal wettability functionally replaces the root system lost in
derived Lemnaceae, with implications for colony dynamics, mat behaviour in cultivation systems, and bio-
inspired interfacial engineering.

Corresponding author email
leoneermes.romano@unina.it

Scientific Session
Ecology & Diversity

Keywords
Wolffia, Surface tension, Cheerios effect

References
Acosta, K., Appenroth, K. J., Borisjuk, L., Edelman, M., Heinig, U., Jansen, M. A. K., Oyama, T., Pasaribu,
B., Schubert, I., Sorrels, S., Sree, K. S., Xu, S., Michael, T. P., & Lam, E. (2021). Return of the Lemnaceae:
Duckweed as a model plant system in the genomics and postgenomics era. The Plant Cell, 33(10), 3207–3234.
https://doi.org/10.1093/plcell/koab189



Vella, D., &Mahadevan, L. (2005). The “Cheerios effect.” American Journal of Physics, 73(9), 817–825. https://doi.org/10.1119/1.1898523

White, S. L., &Wise, R. R. (1998). Anatomy and ultrastructure of Wolffia columbiana andWolffia borealis, two
nonvascular aquatic angiosperms. International Journal of Plant Sciences, 159(2), 297–304. https://doi.org/10.1086/297550

Primary author(s) : Dr. ROMANO, Leone Ermes (University of Naples Federico II); SALTINI, Marco
(Mathematical and Statistical Methods, Plant Sciences Group, Wageningen University, Wageningen, The Nether-
lands); VAN LOON, Jack J. W. A. (European Space Agency (ESA) Technology Centre (ESTEC), Noordwijk, The
Netherlands); MILASSIN, Gabor (European Space Agency (ESA) Technology Centre (ESTEC), Noordwijk, The
Netherlands); Prof. ARONNE, Giovanna (Department of Agricultural Sciences, University of Naples Federico II,
Portici, Italy)

Presenter(s) : Dr. ROMANO, Leone Ermes (University of Naples Federico II)

Session Classification : Ecology & Diversity I


