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Step 1:
Circumnutation
What grows around, comes around



What on Earth?

» Circumnutation
• circum- + nutation : successive bowing or

bending in different directions

• analysed in detail by Darwin (and Darwin)

“My MS. relates to the movements of plants, and I think that I 
have succeeded in showing that all the more important great 
classes of movements are due to the modification of a kind of 
movement common to all plants from their earliest youth.”

Darwin to Augustin DeCandolle, May 1880

“I have written a rather big book – more is the pity – on the 
movements of plants, and I am now just beginning to go over 
the MS. for the second time, which is a horrid bore.”

Darwin to Asa Gray, Oct. 1879
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What on Earth?
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Agostinelli, D., DeSimone, A., and Noselli, G.; Nutations in Plant Shoots: Endogenous and 
Exogenous Factors in the Presence of Mechanical Deformations Front. Plant Sci. 12 (2021)



How on Earth?

» Differential growth
• Okay, but how?

» Turgor pressure / turgidity
• Okay, but how?

» Okay, but … how??
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Mugnai, S. et al. (2015) Nutation in Plants
in: Mancuso, S., Shabala, S. (eds) Rhythms in Plants. Springer



» Type of stimulus:

• Chemo-

• Geo- / Gravi-

• Hydro-

• Photo-

• Thermo-

• Thigmo- / Hapto-

Plant growth

» Type of movement

• -tropic (directional)

• -nastic (non-directional)
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» Type of movement
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How in space?
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How in space?

» Endogenous oscillations?
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» Model the plant stem as a growing, unshearable, elastically inextensible, elastic cylindrical rod with …

• Differential growth

• Endogenous oscillations

• Gravitropic reactions

• Straightening mechanisms

» To get:

Some maths (finally)
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“a coupled nonlinear system [of] … 24 
scalar equations in 24 scalar variables”

“Neglecting elasticity, this reduces to 
15 equations in 15 scalar variables”

Agostinelli, D., DeSimone, A., and Noselli, G.; Nutations in Plant Shoots: Endogenous and 
Exogenous Factors in the Presence of Mechanical Deformations Front. Plant Sci. 12 (2021)



» Look: a bifurcation!

» and, some …
un-plant-like behaviours?

Some maths
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Agostinelli, D., DeSimone, A., and Noselli, G.; Nutations in Plant Shoots: Endogenous and 
Exogenous Factors in the Presence of Mechanical Deformations Front. Plant Sci. 12 (2021)



Some maths
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Agostinelli, D., DeSimone, A., and Noselli, G.; Nutations in Plant Shoots: Endogenous and 
Exogenous Factors in the Presence of Mechanical Deformations Front. Plant Sci. 12 (2021)



Step 2:
Helical Growth
Oh, the Places You’ll Grow!



Helices

» A curve in space with constant non-zero 
curvature and constant non-zero torsion

» Frenet-Serret frame:

is the rate of change of direction of the curve

is the rate of rotation of the binormal vector
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Helices

» A curve in space with constant non-zero 
curvature and constant non-zero torsion
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Helices – left or right?

» “With the line of sight along the helix’s axis, if a clockwise screwing motion 
moves the helix away from the observer, then it is called a right-handed 
helix; if towards the observer, then it is a left-handed helix.” – Wikipedia

‘Left’ ‘Right’
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Helices – left or right?

» “Professor Miller has suggested to me that as the tendrils of the vine are 
right-handed screws and those of the hop left-handed, the two systems 
might be called those of the vine and the hop respectively. The system of 
the vine, which we adopt, is that of Linnaeus, and of screw-makers in all 
civilized countries except Japan.”

J. C. Maxwell, A Treatise on Electricity and Magnetism, 1892
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(grape) vine

hop (bine)



Helical growth – left or right?
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Helical growth – left or right?
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Helical growth – left or right?

21



Step 3:
Tendril Perversion



Step 3:
Tendril Perversion
Just grow with it



» Demo. 1: twist-to-writhe
(plectoneme)

» Demo. 2: curvature-to-writhe 
(perversion)

Instabilities of  elastic filaments

24

Fortais, A., Loukiantchenko, E., 
Dalnoki-Veress, K.;
Writhing and hockling instabilities 
in twisted elastic fibers
Eur. Phys. J. E 44 (2021)

McMillen, T., Goriely, A.;
Tendril Perversion in Intrinsically 
Curved Rods
J. Nonlinear Sci. 12 (2002)



The mathematics of  tendril perversion

» Centreline with orthonormal director basis 

» Fix and 

» Orthonormality implies twist      and spin       vectors:

» Static Kirchhoff model of an elastic rod:

for total force                 and moment                   on the centreline,    constant, and intrinsic curvature 

» Set                                    and consider the stationary solution of a straight twistless filament under tension

25



The mathematics of  tendril perversion

» Linear stability analysis – expand all the things – about

» Get a linear system for the leading order correction

» Decompose into modes                                                                         to get a dispersion relation 

» Onset of instability at                           : 

» For a finite filament of length            , first unstable mode                     at 
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The mathematics of  tendril perversion

» Asymptotic analysis: minimising energy

» Put the two together (magic):
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McMillen, T., Goriely, A.;
Tendril Perversion in Intrinsically 
Curved Rods
J. Nonlinear Sci. 12 (2002)



The biophysics of  tendril perversion

» Intrinsic curvature via differential growth?
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Liu, J., Huang, J., Su, T., Bertoldi, K., Clarke, D.; Structural Transition from Helices to Hemihelices PLOS One 9 (2014)



The biophysics of  tendril perversion

29Gerbode, S., Puzey, J., McCormick, A., Mahadevan, L.; How the Cucumber Tendril Coils and Overwinds Science 337 (2012)
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or:

How I Learned to Stop Worrying and 
Love the Tendril Perversions
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