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Plant growth: Scaling up from cell to stem 
 
 “Endless forms most beautiful” is how Charles Darwin described plant morphology; 
today, we might say instead: “Endless forms most functional”. Plant forms function 
well for the plant, as exemplified by the solar panel-like leaf or the grappling hook-like 
tendril. But how does a plant build an organ with a specific shape? I will show how 
making even a stem, an organ with a simple shape, is poorly understood. This lack of 
understanding limits our ability to use plants as sources of wood and biomass for 
construction and liquid fuel because the body of the plant is laid out by growth.  
 
 An isolated cell grows into a cylinder because of the cell wall is mechanically 
anisotropic. This anisotropy derives from cellulose microfibrils, cables within the wall 
having a tensile strength comparable to steel. The microfibrils are deposited more or 
less in parallel and transverse to the long axis of the cell. Their alignment gives the 
wall a greater compliance in the direction of the long axis and so the cell grows into a 
thin cylinder. When one considers a stem, this simple picture becomes more complex. 
Stems have tissues that differ in the alignment of cellulose. Similar to single, isolated 
cells, the stem’s inner tissue (pith) has cell walls with microfibrils that are transverse 
to the stem’s long axis; however the epidermis has an outermost wall that is thick and 
that contains cellulose microfibrils running axially. Because of this alignment, one 
expects stem epidermal cells to bulge outward, swelling the stem. This does not occur 
because the epidermis is under a strong axial stress, exerted by the inner tissue. That 
the epidermis experiences a stress deriving from the inner tissue, the so-called ‘tissue 
stress’, has been widely recognized; however, the origin of the dominant axial direction 
remains obscure. Based on geometry, an isolated cylindrical cell has an intramural 
stress anisotropy favoring the transverse direction. We suggest that understanding the 
role of stress anisotropy in plant growth requires a deeper understanding of the nature 
of stress in hierarchical, organic structures. 
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