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Abstract: 

aerodynamic optimisation to minimise the speed of descent on 

of the dispersal of seeds of many species in relation to 

this symmetry is broken either spontaneously or intrinsically. 

In the former situation, seeds have no geometrical right-left 

asymmetry, but an initial instability chooses one sense of 

rotation (right or left). Whereas in the latter, geometrical 

asymmetry dictates the sense of rotation. Seeds of the maple 

presented to explain the motion. Seeds of dipterocarps, conifers 

and some genera of apocyanaceae and magnoliaceae are found 

seed fall. In dipterocarps, conifers and magnoliaceae, both 

right-handed and left-handed seeds are produced in the same 

tree but correlated to the handedness of the sprial phyllotaxy 

of the branch that bears the fruit. Apocyanaceae is found to 

be unique and seeds of all genera have the same handedness. 

and theoretical interpretations are presented to illustrate the 

relationship of right-left asymmetry to the aerodynamics of 

optimisation in practical aerodynamics.  

Keywords: Apocyanaceae, dipterocarps, magnoliaceae, maple, 

plant handedness, seed aerodynamics.

INTRODUCTION

could have been the sole mode of long distance seed 

et al., 2015). Plumes attached 

to lighter seeds achieve this via increase of the air drag. 

of germination cannot utilise this method and the viable 

falling. Here the gravitational potential energy of a falling 

seed dissipates largely via transformation  into rotational 

kinetic energy, effectively inducing  an aerodynamic lift. 

angiosperm tree genera are maple (Aceraceae) and 

dipterocarps (Dipterocarpaceae). Former is one of the 

et al., 2006; Lamarque, 2013). Their success is due to 

bearing of auto-gyrating seeds. Pines and other conifers 

et al., 2015), and  present day conifer seeds carry a trait 

for auto-gyration. 
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Spinning and translational motion of an object involves 

discussing kinematics of maple seed motion (Lentink 

et al., 2009; Varshney et al., 2012; Sohn et al., 2014), to 

of motion has not been investigated. Observations 

indicate  that maple samaras or any of the macroscopic 

organs of maple trees have no handedness (right-left 

distinguishing property) attributing maple seed rotation 

to a spontaneous parity violation (right-left symmetry). 

In contrast, the dipterocarp fruit and other organs of 

their trees possess handedness and the sense of rotation 

of the fruit during falling is predetermined. Dipterocarp 

trees have distinct right-handed (RH) and left-handed 

1911; Ashton, 1980; Smitinand et al., 1980; Simmathri 

property. Pines and magnolias are also found to have 

the entire family of apocyanaceae is ambidextrous.

 The investigation reported here based on extensive 

observations on symmetries in plants theoretically 

to right-left symmetry. Detailed observation of the 

METHODOLOGY

observations and sample collection, and experimentation 

right-left asymmetries exist; and (c) experimentation 

adjusted. 

Peabody area, Massachusetts, United States. Seeds of 

Sugar maple (Acer saccharum

(A. platanoides L.), Sycamore (A. pseudoplatanus L.), 

Red maple (A. rubrum), Silver maple (A. saccharinum 

Pax) and Box Elder (A. negundo L.) often mixed 

(~15 oC, relative humidity ~ 60 %). The samaras of 

to the 5th and 6th

acetone and hypochlorite. These treatments enhanced the 

releasing the seeds from varying heights and timing 

dropped 100 times from a height of ~ 3 m to assess the 

probability of the either sense of rotation. The effect of 

starts, (2) terminal velocity, and (3) sense of rotation 

there exist any correlations of sense of rotation.

 Dipterocarpus zeylanicus

The angular speeds of falling fruits through height of 

after imprinting the vein structure on paper by pressing 

to determine the geometry of sepal arrangement. Wing 

maple.

(b) Whenever an opportunity arose, observations 

the handedness of the seeds and sense of spinning to 
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and leaf phyllotaxy in dipterocarps and related species 

examined to identify traits of handedness in phyllotaxy, 

Sapu (Michelia nilagrica) 

morphology.

Seeds of hibiscus varieties and papaya from right or left-

RESULTS AND DISCUSSION

Maple samara characteristics

The maple fruit is a bilaterally symmetric structure 

distinctly separated from each other and the stalk as the 

begins in late summer and continues into autumn, and the 

and dimensions of a maple samara varies from species 

to species and perhaps climate conditions. Typically, a 

by the seed and the thick ridge of vein supporting the 

dimensions; length ~ 3.8 cm, maximum breadth ~ 1 cm. 

thick ridge (Figure 1). A distinctive characteristic of the 

densely populated than in the depiction. The texture and 

pattern of distribution on either side being identical as 

they originate from veins embedded in the middle of 

could not be performed effectively.

A theoretical formulation of maple seed motion

A maple samara falling under the gravity starts spinning, 

located near the seed very close to the centre of gravity, 

during descent involve intricately complex aerodynamics 

energy conservation. When a samara of mass m falls 

h and acquire translational and 

angular velocities v and 

potential energy DV = mgh, 

than the kinetic energy acquired DT = 1/2 (mv2 + I 2), 

I = moment of inertia of about a vertical axis 

through the centre of mass. This is because, a part of 

potential energy  transforms into kinetic energy of air set 

into motion, and a part dissipated as heat generated due 

])/(2[ 2ωmIghv −<

mb

dt

dt

ω

dt

=−

 ...(1)

Fig.1 (a) Schematic diagrams of (a) a  fruit of Norway maple showing two conjoined samaras, 

(c) (a) (b) 

Figure 1:

and veins in Box Elder
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gh) is the velocity acquired in the 

absence of spinning action and air resistance. Rapid 

rotation, large moment of inertia and smaller mass 

analysis of the problem requires an understanding of 

motion and drag. These forces depend on the dimensions, 

shape, and nature of the surface, mass and its distribution 

and elastic properties.

 The structural architecture makes a samara mirror 

are mirror images of each other. This symmetry implies 

that they do not possess handedness. Imagine a samara 

plane. One could argue that in this situation it cannot 

auto-rotate during falling, because in the absence of a 

again preserved. Frequently, the symmetries in nature are 

respected in this manner; although individual symmetry 

violations exist, they occur in equal probabilities. This 

centre of the mass reaches a critical value (v
C
). The 

transition process needs to conserve energy, and angular 

and linear momenta. If a distributed and massive body 

takes up linear and angular momenta (in this case stream 

and vortices of air), the kinetic energy transferred to it 

instantaneous and resistive loss is minimal, conservation 

energy yields,

  (1) 
22 2/12/1 CC Imvmgh ω≤≤

mb

dt

≠

dt

ω

dt

=− (14) (15)

(16) (17)

 ...(2)

I = moment of inertia of the about the centre of 

gravity (object rotates about vertical axis inclined at a 

from the rest, a sudden decrease in the translational 

v
C
 is noticeable at the point rotation 

ensues. Since angular momentum needs to be conserved, 

system has all the characteristics of a spontaneous 

 et al., 2012). 

Here an unstable initially symmetric state suddenly 

Fig.2 Schematic sketch illustrating (a) clockwise; (b) counter-clockwise spiraling of a falling maple 

(a) 

z

ωC 

VC 

ωC 

z

Figure 2:

The darker shading of the samara corresponds to its thicker region. During motion thicker edge is 
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crucial parameter reaches a critical value; the inherent 

 Figure 2(a) and (b) give a schematic representation 

 The i

and associated lift and drag forces complicates the 

motion of falling maple seeds defying rigorous analysis 

for application has been arrived, incorporating empirical 

the next paragraph explains the salient features of this 

intriguing system. 

 Forces acting on an air foil can be related to force 

the magnitude of the couple remains independent of 

the angle of attack (Carlton, 2007; Pope, 2010). Forces 

acting on a falling maple samara are: the aerodynamic 

force A 

components A
Z
 = lift force, A

generating force and A
r
 = radial component, all acting 

mg. For equilibrium of rotation, a 

centrifugal force F
r
 = 2 , acting at the centre of 

a  b and l = length span) needs to 

be provided aerodynamically. The centre of rotation O is 

not exactly about centre of gravity. The torque necessary 

A . 

to the 

vertical axis) by these forces.

forces are proportional to the square of the radius of the 

blade and square of velocity, so that,

2224 vlClCA zDzLz −= ω

mb

dt

dt

ω

dt

=−

 ...(3)

2422 ωϕϕϕ lCvlCA DL −=

mb

dt

≠

dt

ω

dt

=− (14) (15)

(16) (17)

 ...(4)

 

A   =  F  =   m

24ωlCA rLr =

mb

dt

dt

ω

dt

=−

 ...(5)

C
L
 and C

D

explicitly thus they have dimensions of a density). As 

there is no translational motion in r direction, balancing 

of forces in the radial direction require,

Ar  =  Fr =   mω2
bSinθ                            (6)                     

mb

dt

dt

ω

dt

=−

(16)

 ...(6)                    

The force Fr is generated aerodynamically and 

compensates centrifugal acceleration. From equations 

    

mb

lC
Sin rL

4

=θ

dt

dt

ω

dt

=−

 ...(7)   

A
r
 in the form in equation (5) is in agreement 

vertical direction remains constant throughout motion.

 Taking moments of forces about O, the instantaneous 

motion,

θθθ
θ

mgbSinaSinAbCosA
dt

d
I zrO +−=

2

2

≠

dt

ω

dt

=− (14)

(16)

 ...(8)

Thus the equilibrium occurs at  = q
0

1222424

0 ])[(/ −−−== mgbavlClCblCAATan zDzLrLzr ωωθ

≠

dt

ω

dt

=− (14)

(16)

  ...(9)

Az

Fig.3 (a) Schematic representation of the forces acting on the samara,  center of gravity, aerodynamic

mg

θ 

Z

O

G

Fr

Ar

Aφ 

C 

(a) 
(b) 

Figure 3: (a) Schematic representation of the forces acting on the 

samara:  centre of gravity, aerodynamic centre and centre 
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opposing rotation rather than translation, the vertical 

motion experience little drag force and dissipation results 

mainly from rotation. In this situation C
zL

 l2 2 > C
zLD

v2 

and equation (9) can be approximated as,  

12424

0 ][( −−≈ mgbalCblCTan zLrL ωωθ

mgb
≠

dt

ω

dt

=− (14)

(16)

 ...(10)

Thus a necessary condition for equilibrium of the object 

alC

mgb

zL

4

2 >ω )0( ≠b

dt

ω

dt

=− (14)

(16)

 ...(11)

If the cone angle  is perturbed by a small amount 

, inserting  = q
0
 +

equation of the form d2 2 = -  (k > 0) indicating that 

equilibrium resist perturbations. Equation (11) explains 

that auto-gyration could occur only if the angular velocity 

exceeds a critical value. This is experimentally observed; 

samara starts spinning only after falling through some 

distance h. From equation (2), the maximum angular 

velocity attainable is (2mgh/I )1/2, giving h > bI[2C a4l]-1.

Motion in the vertical direction is described by,

mgA
dt

zd
m z −=

2

2

ω

dt

=−

 ...(12)

Thus the  equation of motion for rotation can be expressed 

as,

)()( 2422

0 ωθ
ω

φφφ lCvClSinba
dt

d
I DL −+=

=− (14)

(16)

 ...(13)

       

I  = I  Cos2

seed about the axis of rotation. The falling seed soon 

approaches the terminal translation and angular velocities 

v = v
T
 ,  = 

giving,

0=− mgAz
 ...(14)

=− (14) 0222 =− TDTL lCvC ωφφ

(16)

 ...(15)

4

2

lC

mg

zL

T =ω  ...(16)

2

2
][

l

mg

CC

C
v

LzL

D

T

ϕ

φ
=(16)

 ...(17)

bl

ga
Cos

T

20
ω

θ =

+

ω∂

ω∂

ω∂

 ...(18)

 The parameters 
0
, , and v

T
  are readily measurable, 

0
 ~ 68o, ~ 

v
T
 ~ 1 ms-1

0
 is not highly sensitive to m as seen from equation 

) ~ 1.6 cm, 

giving 

aerodynamic centre relative to the centre of gravity. 

Again from equation (17) for a typical value of l ~ 3.8 cm, 

C /C  = 9.4. This ratio is 

The average terminal velocity (~ 0.6 ms-1

striking difference is the time taken to attain the terminal 

its moment of inertia. Box Elder is a shorter tree (~ 20 m) 

(Figure 1).

spinning maple samara, vortices are developed at the 

leading edge, greatly increasing the lift (Hederstrom, 

2002; Sane, 2003; Lentink et al

leading edge and facilitate streamlines to leave the trailing 

edge smoothly. Striations are smoothed out by coating 

v
T 

increases drastically. 

important aerodynamic requirement.

maple and Box Elder seeds support the validity of 

the relationship in equation (17), if l is taken as the 
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minimisation of terminal velocity but also propelling 

obstacle.

 A question also arises regarding the stability of the 

of Maple samara is symmetrical), the point of action of 

the position of the aerodynamic centre remains unaltered 

irrespective of changes in the attack angle. Therefore 

that the  move about axis is in neutral equilibrium. Thus, 

the system could adjust to maintain the angle of attack 

optimally.

The importance of right-left asymmetry in wind 

dispersal of seeds

that enables optimising this strategy is generation of 

rotation so that transitional velocity of the centre of 

mass is continuously reduced. The additional advantage 

further reduces the rate of fall. Rotation and the direction 

Such a handedness can be achieved either spontaneously 

or intrinsically. In the former situation, the object (seed) 

possesses no geometrical right-left asymmetry, but one 

sense of rotation is chosen as a consequence of the 

aerodynamics resulting from the design of the seed. In 

the latter case the seed itself possesses a geometrical 

right-left asymmetry giving preference to one sense of 

Right-left symmetry of falling maple seeds

Most symmetries in living and non-living systems 

including elementary constituents of matter, are not 

perfectly realised giving rise to frequent instances of 

biasing. The same feature is seen in the sense of rotation of 

maple samaras. As discussed earlier maple seeds possess 

nevertheless they auto-rotate as a result of spontaneous 

breaking of the R-H symmetry. The required symmetry 

height, a large number of times, a higher probability of 

corresponds to a normal distribution, concluding that there 

universal bias. As only R-L distinguishing characters can 

to identify the factors that could introduce such biases.

(i) In maple samaras the embedded seed symmetrically 

gradually sanded the protrusion on one side and observed 

object (b) cannot be superposed on (a) by translations 

and rotations. If they are dropped from a height, during 

descent the sanded surface tends to remain uppermost. 

degree of sanding. When the seed protrusion is fully 

levelled, the probability for this trend is about 60 % for 

(a) (b) 

Figure 4:

has been sanded off (a) sanded seed on the upper surface; 

(b) sanded seed backside

compensate for any weight gain, the trend continued

Fig.5 Two Maple samaras where one wing surface has been polished by rubbing paraffin wax (a) upper 
Figure 5:

(b) backside polished
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surface is polished and (b) the backside is polished. 

When they are dropped, (a) preferentially spins counter- 

ridge, the result implies that they prefer to spin, facing 

striations affect the lift, and they seem to play an 

important role in vortex formation and attachment.

in the sense induced.

 A system governed by dynamics of SBS displays 

very high sensitivity even to minutest biases near the 

point of criticality. The observed biases in individual 

tree has no signs of R-L asymmetries. At this scale of 

be understood as drying and action of light could be 

different on the faces of the fruit. 

Right-left symmetries in plants and the fascinating 

Dipterocarpus

Not only the fruit and the samaras, maple trees have no 

macroscopic organs carrying an attribute of handedness. 

A majority of plant species falls into this group. Here 

the leaves and their phyllotaxy, the pattern of branching 

characters. After extensive observations of symmetries 

in plants, the author noticed that plants more primitive 

in the phylogenetic ladder  and the ones that mature fast 

possess R-L symmetries to a higher degree. There seems 

to be a universal trend in all systems that, as complexity 

the symmetries disappear. Some plants demonstrate a 

unique handedness in one or more of their organs as a 

genetically inherited quality common to the species. 

genera and species imbricate in the same sense- making 

genetic accident of no value to the plant. There are 

also species having individuals of either handedness, 

if they propagate from seeds, the RH and LH individuals 

occur in equal (50 %) probabilities. Here the cause 

seems to be a result of the dynamics of morphogenesis. 

During cell proliferation, instability sets in and the plant 

symmetry. We have observed that the phyllotaxy of leaf 

arrangement in un-branched papaya (Carica papaya L.) 

favour the handedness of the stem but reversals also 

this class, RH and LH organs bear in equal probabilities. 

The plants of malvaceae generally have branches or 

the parent branch (Tennakone et al., 1982). The feature 

displays more conspicuously in herbs belonging to the 

family or young plants. Here the plant itself possesses a 

of one kind (R or L) than the other. As the plant matures, 

it gradually sheds the handedness in bearing organs of 

both types in equal numbers. The R-L distinction to 

ambidexterity. Although macroscopic R-L disparities 

originate in plants as genetic accidents or consequences 

of morphogenesis, it is hard to see any advantages for 

survival. The exception seems to be the use of this trait 

 Plants of dipterocapaceae and families in the order 

characteristics. The R-L symmetry seen in dipterocarps is 

rarely seen in other families. They have spiral phyllotaxy 

probabilities, and induce this symmetry to other organs 
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popping out at the leaf brackets (Figure 6). As a result 

the axles of racemes contain the same spirally. Again 

raceme axle (Figure 6).  The handedness of this spiral 

Progression of spirals continues to other organs. The 

sepals and petals contort and imbricate in the same sense, 

In a majority of dipterocarps all sepals do not develop 

o 

a right or left handedness to the fruits (Figure 7). Thus 

cannot rotate and propel. We observed that there is no 

detectable disparity in the abundance of RH and LH 

nuts in an individual tree of Dipterocarpus zeylanicus or 

their population in Sri Lanka. Possibly the same applies 

to other members of this genera, irrespective of the 

geographical location. 

(a) (b) 

Figure 6: Right-handed (a) and left handed (b) axle racemes of a 

typical dipterocarp

Figure 7: Right-handed (a) and left handed (b) fruits of Dipterocarpus 

zeylanicus

very similar morphology

             

             

             

(a) (b) 

Fig.7 Right-handed (a) and (b) left handed fruits of Dipterocarpus zeylanicus. Other two 

G

GRGL

N

CR
CL

(a) (b)

winged dipterocarps fruits of have very similar morphology 

Fig.8. Forces acting on Dipterocarpus fruit and the points of their action: A - aerodynamic forces acting 
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F 

Figure 8: Forces acting on Dipterocarpus fruit and the points of their 

action: A - aerodynamic forces acting at centres C
L
 and C

R
; 

L R

L R

the opposite sense of rotation. The trailing edge of the 

 Forces acting on a falling fruit are the aerodynamic 

forces A (A
Z
, A

r
, A ) 

C
L
 and C

R
; centrifugal forces F acting at the centres of 

L R
mg

L R

Mg of the nut acting at N (Figure 8). When the fruit is 

) open up a little 

and centripetal force. If the fruit is perturbed by tilting 

inclination from   to (   + ), the resulting motion is 

ε
ε

dA
dt

d
I zG −=

2

2

∆−+ τ

ω∂

ω∂

ω∂

 ...(19)

 

d s l = 

velocity has reached A
Z
 = (M+2m)g and the equilibrium 

is stable, provided d > 0. Thus there exist limitations to 

centre of gravity is shifted to either right or left of the line 
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The dynamics governing rotational and translational 

motion of the stabilised system parallel that of the 

maple seed and equations (14) – (17) illustrate this. 

During the decelerating phase of motion, stability 

forces or their diversion. In nature this does not happen, 

unless evolution has turned retrograde due to changing 

to optimise the lift keeping drag to a minimum and also 

to acquire the terminal value as soon as possible. Just 

as in maple, the strategy has been to dissipate potential 

energy via rotation. According to equation (17), larger 

the terminal motion of a falling dipterocarpus nut can be 

described by equation (17). It has been suggested that the 

parameter ‘l’ in equation (13) much more closely the 

Dipterocarpus 

zeylanicus

Evolution of dipterocarp wings

ones seem to be more abundant compared to three and 

at  the centre of the inscribing circle if all the vertices 

are loaded; (2) ~ 1.4 x from the centre if the vertices 1, 

2, 3,4 or any of the equivalent vertices are loaded; (3) ~ 

1.3 x from the centre if the vertices 1, 2, 3  are loaded; 

(4) ~ 0.88 x from the centre if the  vertices 1, 3, 4  are 

loaded; (5) ~ 1.5 x from the centre if the vertices 1, 2  are 

result of inherent handedness in the sepal arrangement in 

ensure stability, there are number of disadvantages. It 

the rotational axis, making it harder to rotate in gaining 

the lift, and both factors diminish the terminal velocity 

and increase the time elapsed to reach the terminal value. 

counting factor (velocity)2 2. 

because of  the lesser degree of stability in falling of the 

fruit, as the centre of gravity shifts furthest  from  the 

et al

is either 1 or 2. Clearly, this variation adjusts the centre 

of gravity closer to the centre of the pentagon. Possibly 

dipterocarps proliferated and became invasive after 

1 

2 

4 

5

3 

Fig. 9 Sepals of deterocarps are placed at the vertices of pentagon. The vertices are marked 1 

Figure 9: Sepals of dipterocarps are placed at the vertices of a 
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evolution proceeds by gradual trial and error corrective 

examining the phylogeny of species of Dipterocarpaceae 

 The conclusions of some experiments conducted 

D) of dipterocarpus 

of meters from the parent tree, and under conditions of 

may carry them a longer distance (Smith et al., 2015; 

Song, 2015). The crucial deciding parameter should be 

the terminal velocity v
T
 and mere measurement of D 

does not give the information necessary for determining 

u
H
 and u

v
, 

respectively. As aerodynamic forces  are proportional to 

the square of air speeds relative to a moving object,  the 

terminal velocity  in the presence of an updraft of speed 

u is given by,

V

zLL

D

VTT u
CC

C

a

mg
uvv −=−= 2/1

20 ][
φ

ϕ

∆−+ τ

ω∂

ω∂

ω∂

 ...(20)

v
T0

 is the terminal velocity in the absence of the 

additional lift and the possibility of v
T
 becoming negative 

v
T

speed u
H
 and vertical component u   greater than v

T0 
 

lasting for time  then remaining constant at   u
V

v
T0

. 

If the canopy height = h

H

VT

TV
H u

uv

vuh
uD ]

)(

)(
[

0

0

−

∆−+
+∆= ∆ τ

τ τ

ω∂

ω∂

ω∂

 ...(21)

We found that the average velocity for Dipterocarpus 

zeylanicus fruits is v
T0

 ~ 3 ms-1

h = 40 km, u
H
  = 2 ms-1, u  = 5 ms-1, u

V
 = 1 ms-1

obtain D =  2.4 km. Dipterocarps have intricately 

deposition from the parent.

Longitudinal 

veins covering the surface are more or less straight on 

the vertical axis (extension of the straight line segment at 

also provides centrifugal force. It appears that the same 

mechanism operates in the case of dipterocarps. The 

angular momentum of the spinning seed is compensated 

by the vorticity. 

angular momentum of the spinning seed is compensated by the vorticity  

Fig.10. Schematic diagram illustrating the orientation of wings of a typical dipterocarp, relative to 
Figure 10:

region.

Entertaining and intriguing motion of paper 

helicopters simulating dipterocarps 
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Despite the simplicity of construction, they display the 

necessity of a handedness. They can be crafted giving a 

and break the R-L symmetry spontaneously.  

 

by cutting a single sheet of paper and folding; the dark 

are mirror images of each other and distinct, because 

other. Careful examination reveals a clear difference of 

the behaviour of (c) compared to asymmetric models 

the performance greatly improves. In models (d) and 

been cut-off, and the performance remarkably improves 

et al., 

asymmetry. 

Right-left symmetry and wind dispersing conifers

right-left symmetries though not so conspicuous, but 

akin to the pattern seen in dipterocarps. Examination 

(a) 
(b) 

(d (e) 

(c) 

Figure 11: Toy paper helicopters (a) and (b) are mirror images of each other and (c) is 

symmetric and has no handedness. (d) and (e) are asymmetric models made by 
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Figure 12:

handed cones of Eastern White Pine.

turns the spiral takes to reach the same angular position 

equally distributed. Cones have the same feature, there 

of cones, RH or LH born in equal abundance. Samaras 

are bilaterally asymmetric, but all of them, similar in 

one kind of cone (R or L) but the mirror image in the 

and L cones of Eastern White Pine (Pinnus strobes) are 

the objects are geometrically different and cannot be 

superposed on each other. Wind dispersing species of 

pine and other conifers generally have more asymmetric 

seeds.

Right-left symmetry in magnoliaceae and auto-

gyrating samaras of the tulip tree

The R-L symmetry in magnoliaceae resembles that 

of pines and dipterocarps. Having examined Walsapu 

(a) (b)

Figure 13:

(Michelia nilagrica

Sri Lanka, the tulip tree (Liriodendron tulifera L.) 

phyllotaxy and R-L helicities occur in equal proportion. 

Sepals and petals are almost indistinguishable but the 

(normally 5/8 Fibonnacci) correlated to the sense of leaf 

phyllotaxy. Just as in dipterocarp and pine there are R 

and L fruits. The R (L) fruit of the tulip tree has R(L) 

samaras readily distinguishable from the direction of 

direction (Figure 13a). Samaras of R and L pods are 

mirror images of each other and no automorphism exists 

because of ventral-dorsal difference. During descent 
Figure 14: (a) Spinning of a falling Pumeria

a match stick; (b) a parachuting seed of Wrighta 

antidyscenterica

anticlockwise when viewed from above (Figure 14a). 

(a) (b) 

Wrighta antidyscenterica as viewed from above
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as the axis.  R- L asymmetry provides torque for the 

rotational motion, creating a lift. The moment of inertia 

is minimum about the mid axis and motion remains 

stable. It has been suggested that this stability greatly 

helps dispersal, although the terminal velocities attained 

are smaller compared to maple (Mccutchen, 1977).

 We have also conducted simple paper toy experiments 

to simulate the auto-gyration of tulip tree samaras. 

Figure 13(b) depicts four rectangles (~ 2.5 x 10 cm2) 

a thin rectangular strip of paper is pasted symmetrically 

letter L are distinct objects and mirror images of each 

differences: the symmetric ones rotate in either sense 

in opposite directions. A simple experiment sometimes 

the strips are pasted. Many experiments have been 

performed to study the aerodynamics of falling paper, 

cards and  discs  and the general conclusion has been 

et al., 2013). 

We have found that the mid ridge greatly stabilises the 

is the stability and absence of tumbling. The scaling of 

these systems depend not only on the aspect ratios and the 

the picture. If the length of the bare rectangle is increased 

near equal probability. Here, the paper rectangle during 

motion spontaneously acquires handedness because of 

the elastic deformation and spin stably. The effect could 

have important implications in biological systems.

The case of apocyanaceae

One of most unusual chirality features are seen in 

signs of a handedness is not seen in phyllotaxy or 

have not seen exceptions) are imbricated in the same 

Pumeria 

 A majority of apocyanaceae has no edible fruits, 

suggesting that their ancestry has been in the insect era 

the family transcends to fruits and seeds. As a result of 

advantage of rotation seems to be not the generation of a 

lift, but an enhancement of the drag. The centripetal force 

increasing the drag. The appearance of the long hairs 

in a parachuting Wrighta (Wrighta antidyscenterica) is 

On origin of handedness in plants

Recent experiments suggest that auxins trigger spiral 

positioning of leaves (Reinhhardt et al., 2003; Niklas 

et al., 

break the bilateral symmetry by application of auxins 

to the leaf primordium. A rare example of a herb 

conspicuously displaying breaking of bilateral symmetry 

is Agalonema pseudo-bracteatum

existing spiral phyllotaxy. 

 Leonardo da Vinci noted that the cross-sectional 

area of a tree trunk approximates to the sum of areas of 

The Navier Stoke equation in vorticity form reads,

ωω
ω 21

)( ∇+××∇=
∂

eR
u

dt

ω∂

ω∂

 ...(22)

u u and R
e
 = Reynolds 

number

The vorticity equation (22) can also be cast into the form 

(u
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ωωω
ω 21

.. ∇+∇−∇=
∂

eR
uu

dt

ω∂

 ...(23)

We make the reasonable assumption that 
ω 21

∇
∂

eR

ω∂

u = G  and 

 u and 
ω 21

∇
∂

eR

ω∂

a reaction diffusion equation,

ω
ω

=
∂

G
dt

 ωω
ω 21

∇+
∂

eR
G  ...(24)

spirality generated spontaneously or as a result of bias. 

innovations

yet imperfect theory and experimentation. Although 

evolutionary corrections have been incorporated, 

optimisation via testing varying models is prohibitively 

time consuming and expensive. Wind dispersing seeds 

are the aerodynamic systems most extensively optimised 

via trial and error based selection. Consequently, they 

are expected to possess favourable attributes blind to 

modern engineering. An important implication of the 

achieved a design perfection to divert drag forces to 

generate rotation, increasing the lift. Wing shape and 

striations of veins seem to play an important role. Veins 

airplanes and helicopters consuming minimal quantities 

compromise light harvesting and lift.

of seeds could have profound implications on practical 

aerodynamics. As pointed out earlier Box Elder samaras 

Experiments indicated that Box Elder samaras acquire 

the terminal velocity in a comparatively shorter duration. 

study of their structure in comparison to extant species 

could yield clues to variations resulting from climate 

change.

CONCLUSION  

gravitational descent via generation of a rotational lift. 

observed motion, account for the stability and calculate 

terminal velocities - the crucial parameter determining 

indicate that under favourable conditions, these seeds 

can disperse kilometre distances.  

 Despite the similarity of the basic aerodynamics, a 

Maple samaras possess no handedness; consequently they 

counter-

as a result of spontaneous breaking of the symmetry. 

susceptible even to the smallest biasing perturbation. 

experiments indicate that although individual seeds 

frequently violate the symmetry, globally it is respected. 

It is not possible to quantify the variations in maple 

seed attributes and correlate them to a bias in the sense 

distribution indicative of no preference. In contrast 

dipterocarpus nuts possess a natural handedness and a 

level more than 99 %. Here, both right and left handed 

fruits are produced in equal abundance, and during falling 

rotate in opposite directions. The investigation disclosed 

vertices of a pentagon. Sepals elongate to form either 

evolutionary reaction to the centre of gravity instabilities, 

aerodynamic effectiveness and the natural requirement 

R-L asymmetry of pine cones and samaras associate 

Conifers and some genera of magnoliaceae also possess 

R-L asymmetry characters similar to dipterocarps. In 

apocyanaceae, unlike dipterocarps and conifers, the 

the fruit and seeds. Several genera of apocyanaceae have 

handedness seems to be spreading of hairs of parachuting 

seeds by centrifugal acceleration, thereby enhancing the 

air drag. 
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families adopt auto-gyration as an effective mechanism of 

necessitates a breaking of the R-L symmetry. Maple 

has designed the seeds to achieve this as a dynamically 

generated SBS. In dipterocarps, magnolias and 

apocyanaceae, presumably a persisting accidently 

introduced genetic R-L disparity induce unique chirality 

an asymmetry to the seed appendage via a spontaneous 

asymmetric deformation, as a consequence of motion. 

It is not impossible that this method is also realised 

of morphogenesis, it is hard to conceive the advantage 

of a handedness to a plant in any of its functions other 

separated, possessing R-L distinctive characteristics have 

exploited it. Wind dispersal have utilised the available 

traits and optimised in the course of evolution (Wrights 

et al., 2008); handedness is one such trait.
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