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Do plants really sleep? 
Leaves of some plants 
seem to go to ‘sleep’ 
in response to certain 
stimuli. Researchers are 
still trying to understand 
the mechanism that makes 
this movement possible. 

AMAL KUMAR MONDAL AND SANJUKTA MONDAL PARUI

YOU may have often observed leaflets of 
certain plants drooping down or folded 

upwards in the evening, as if to sleep, and 
again open early in the morning. Has the 
plant been sleeping? Do plants really sleep?
Unlike animals, plants lack a nervous system. 
They lack the five senses of touch, vision, 
smell, hearing and taste, which we use to 
regulate our activities, to adapt ourselves to 
the different situations in our environment. 
Then how is it that plants, which are unable 
to move from one place to another, show 
these type of movements? What makes 

the touch-me-not plant (Mimosa pudica) 
to immediately close its leaves when we 
touch it? Let’s try to understand how these 
movements in plants are brought about.

Nastic Movements 
Plant movements are of various types. 
Tropism is a growth response involving 
bending or curving of a plant part towards 
or away from an external stimulus that 
determines the direction of movement. 
When this response is towards the stimulus 
it is called positive tropism, and when 

away from the stimulus it is called negative 
tropism. Tropism may further be of different 
types depending upon the nature of 
stimulus.

What we are more interested in are the 
nastic movements, which occur in response 
to an external stimulus. However, unlike 
tropism the direction of nastic movement is 
always independent of the direction of the 
stimulus. 

The most common among the nastic 
movements is sleep or nyctinasty i.e. plants’ 
response to light and darkness which causes 
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Heliotropism in sunflower -- orienting 
themselves towards the sun 
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leaves to move up and down. During the 
day, the leaves are horizontally oriented to 
capture as much sunlight as possible for 
photosynthesis, whereas at night they are 
oriented vertically as if for sleep. 

There is another type of nastic 
movement called thigmonasty which 
includes movements resulting from touch, 
shaking or electrical or thermal stimulus. 
The folding up of the two leaf halves of 
the Venus flytrap (Dionaea muscipula), the 
movement of the tentacles of Drosera sp. 
or the filamental hairs of certain species of 
Centaurea and Berberis or the stigma halves 
of Mimulus are all examples of thigmonasty. 

Seismonasty is a special case of 
thigmonasty caused due to reaction 
towards vibration and is characterized by 
an especially fast conversion of the stimulus. 
For example, when a single pinnate leaflet 
of Mimosa pudica is touched, the whole 
pinnate leaves immediately fold up. The 
leaves however return to their starting 
position within half an hour.

Scientists have tried to give an 
explanation to these types of nastic 
movements. They have shown that nastic 
movements are not growth movements but 
actually turgor movements caused by the 
changes in the osmotic pressure of the cells 
involved in the movements. The movement 
of leaves and leaflets is controlled by a 
leaf-moving motor organ located at the 
base of the petiole of the leaf called the 
pulvinus. This response results from turgor 
pressure changes in cells on the upper and 
lower surfaces of the pulvinus, which in turn 
results from the movement of ions, chiefly 
potassium and chloride, in and out of the 
cells. Signals that cause leaf folding cause 
shrinkage in the bottom half of the pulvinus 
and swelling in the top half of pulvinus; 
and the reverse occurs during unfolding of 
leaves. 

Inside the pulvini cells are a lot of 
potassium ions that like to move around. 
We know that it is water that gives the plant 

leaves their shape. Water is attracted to 
wherever there is potassium and it follows 
wherever potassium goes. So when water 
moves out of the cell into another cell without 
water, the cells without water wilt. In case of 
the two leaf halves of Dionaea muscipula, 
the stimulation is similar to the pulvinus. The 
upper side of each leaf has three sensory 
bristles that perceive the stimulation, there 
is a group of large deformable cells at the 
base of the bristles and the movement is 
caused by a leverage.

Now, how does the stimulus work and 
how is the reaction that starts at the point of 
touching gets passed on to the next pulvinus, 
until the stimulus has passed over the whole 
pinnate leaf? This phenomenon is similar to 
the conduction of a stimulus along the axon 
of the neuron by electrochemical means 
in an animal system -- the membrane is 
locally depolarized and the depolarization 
spreads with high velocities to neighbouring 
regions. As the concentration of certain ions 
differs from inside to the outside of a cell, 
it results in a membrane potential. This is 
caused due to selective permeability of the 
cell membrane. 

For example, potassium ions, which 
are positively charged, diffuse out of 
the cell along a concentration gradient 
resulting in a separation of charges as its 
counter ion, usually chloride ion, cannot 
pass the membrane at all or passes in 
very small amounts. This is the resulting 
membrane potential of the cell, which is 
positive outside and negative inside. During 
stimulation, there is rise in the membrane’s 
permeability to chloride ions that pass out 
according to their concentration gradient, 
thereby depolarizing the membrane. This 
depolarization again increases the flow 
of potassium ions bringing about a rise 
in the action potential, which reaches a 
maximum and then again returns to its old 
state. This period until the value of resting 
potential is re-established is called the 
refractory period.

Now, this 
depolarization can 
spread very easily to other 
membrane parts of the 
cell within milliseconds, 
affecting the entire cell 
membrane. If the action 
potential of one cell is 
high enough, it may also 
stimulate adjacent cells. 
This is how stimulation of 
one cell is conducted 
on to other cells. The ion flux followed by 
massive water fluxes across the plasma 
membrane of these cells produces the 
swelling and shrinking behaviour of the 
motor cells. 

Scientists have also isolated and 
identified chemical compounds called 
“Turgorins” which activate the pulvini. 
These substances are active at very low 
concentrations (10-5 to 10-7 M) and are 
transported in the transpiration stream and 
have their effect on the membranes of the 
pulvini. Plant physiologists have suggested 
that the shrinking of cells results in the 
formation of 1,4,5-inositol triphosphate, 
which acts as a second messenger in the 
phosphoinositide cell-signaling cascade.

Thigmotropism in the welcome fern 
(Glicania)

Thigmonasty in the aquatic insectivorous plant Lentibularia

Above & Left: Seismonasty in 
Mimosa pudica (the touch-me-not 
plant) (a) the undisturbed plant, (b 
& c) the closed leaflets of the entire 
pinnate leaf on touching

Right: A different species of Mimosa 
that fails to show seismonasty
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Nastic Movements & Circadian 
Rhythms
Nyctinasty has been usually observed 
in most leguminous plants. The closing 
movement of the leaves can be either 
upwards as in the case of clover (Trifolium 
repens) or downwards as seen in the 
case of wood sorrel (Oxalis acetosella, 
Oxalis corniculata). Whatever may be the 
direction of closing or ‘sleep’ position, the 
leaflets assume this vertical (close) position 
at night (in darkness) and revert back to their 
horizontal orientation in the morning (upon 
illumination). This shows that nyctinastic 
movement follows a circadian rhythm, 
which is controlled by the biological clock 
of these plants. The plants are richly rhythmic 
and the circadian clock regulates a number 
of key metabolic pathways.

The mechanism by which living 
organisms, including both plants and 
animals, maintain these roughly 24 hour 
rhythms in the absence of environmental 
stimuli has long been a mystery and a 
subject of intense research. It was in 1729, 
that the French astronomer De Mairan made 
an important observation that the leaves 
of plants showing nyctinastic movements 
continued to show their rhythmic up and 
down movements for a number of days, 
even when he placed these plants in 
continuous darkness of a room. From 
his experiments, he concluded that this 
nyctinastic movement although following 
a circadian rhythm was not dependent on 
the daily cycle of light and darkness, but 
was controlled by internal (endogenous or 
intrinsic) mechanism. 

His observations were confirmed by 
many other biologists including the famous 
plant physiologist Wilhem Pfeffer and Charles 
and Francis Darwin. The latter devoted 
an entire book in 1880. The Power of 
Movements in Plants, based on experiments 
conducted by them using more than three 
hundred different kinds of plants, including 
nyctinastic ones, represented by Mimosa 
pudica. Circadian rhythms have been 
observed in some members of almost all 
major groups of plants except Bryophyta 
and Gymnosperms.

It is now known that plants use the 
phytochrome system to sense day length or 
photoperiod and to set circadian rhythms. 
Phytochrome is a pigment that acts as 
a photoreceptor as it is sensitive to light 
in the red and far-red region of the visible 

Types of Trophic Movements
 � Phototropism is the response to light. Plants have a tendency to grow towards 

light and this response is brought about by elongation of the cells by the 
hormone auxin on the shaded side of the plant, resulting in the phototropic 
curvature. 

 � Gravitropism is response of a shoot or a root to gravity, as our day-to-day 
observation shows that in case of a seedling, the root will always grow 
downward (positive gravitropism) and the shoot will always grow upward 
(negative gravitropism). Here again redistribution of auxin to the lower side 
of the shoot or root is responsible for this opposite curvature of the shoot and 
root. 

 � Heliotropism is another response to sunlight. We have often observed the leaves 
and fl ower (sunfl ower) orient themselves, either perpendicular or parallel, to 
the sun’s direct rays. When the leaves orient themselves perpendicular to the 
sun’s ray to have high photosynthetic rates, it is called as diaheliotropism. On 
the other hand if the plants avoid the direct sunlight and orient their leaves 
parallel to the sun’s rays, then it is called paraheliotropism. 

 � Hydrotropism is the response of the plants to water as has been observed in 
the case of roots, which always grow towards regions of greater water potential. 

 � Thigmotropism is the response to touch, as has been observed in case of 
tendrils of climbing plants, which always grow in the direction of physical 
contact with a solid object and wrap around them. This provides the plant with 
the necessary support to grow upwards towards sunlight.

The two leaf halves 
with the sensory 
bristles of Venus 
Fly Trap (Dionaea 
muscipula)

Two leaf 
haves

Above & Left: Nyctinastic move-
ment in a non-leguminous plant 
in Marsilea (a) an open leaf 
during the day 
(b) the closed leaflets during 
the night

Below: Nyctinasty in another 
leguminous plant Acacia sp (a) 
Opened leaflets (b) Partially 
closed leaflets

A

B

A

B

Feature Article



SCIENCE REPORTER, JULY 2013 48

spectrum. Two isoforms of phytochrome 
have been identified. These include Pr, 
which absorbs red light (at 660 nm) and 
Pfr, which absorbs far-red light (at 730 nm). 
Phytochrome is synthesized in the plant as Pr 
form, which is inactive. Pr form absorbs light 
and undergoes a conformation change 
forming the Pfr form, which is the active 
isoform. 

During the day, as sunlight contains a 
lot of red light, the Pr form is converted to 
Pfr form. Alternatively at night, as moonlight 
produces a greater percentage of far-red 
light than sunlight Pfr form is slowly converted 
into its inactive form Pr. How Pfr and Pr 
function is a subject of debate. However, 
it has been argued that the Pr form, which 
is synthesized in the cytosol, is converted 
to Pfr form by light illumination and is 
translocated from the cytosol to the cell 
nucleus. This implies that the Pfr form has a 
role in controlling gene expression, but how 
this is done is not known. Probably it acts as 
a kinase. 

It has also been proposed that calcium 
ion acts as a ubiquitous second messenger 

in plant signaling pathways. The relevance 
of calcium ion signaling to circadian 
rhythmicity has also been experimentally 
established, for example, application 
of calcium ion has been found to shift 
the leaflet movement rhythm of Robinia 
pseudoacacia (Fabaceae).

A group of scientists of the Department 
of Chemistry at Keio University, Japan 
have made an important finding that has 
thrown light on the circadian rhythmic leaf-
movement. Researchers have isolated a 
variety of leaf-closing and leaf-opening 
substances from several nyctinastic plants. 
Studies on these substances reveal that 
turgorin (the phytochrome that was earlier 
presumed to regulate the turgor of the 
plants) is not a genuine leaf movement 
factor, but it is the leaf opening and leaf 
closing chemical substances that regulate 
these nyctinastic movements. 

The circadian rhythmic leaf-movement 
of these plants is controlled by a biological 
clock that regulates the balance of 
concentration between leaf-opening 
and closing substances, and also by the 

competitive interaction between leaf-
opening and leaf-closing substances. They 
also found that every family or subfamily 
of plants has its own leaf movement factor 
that is effective only for plants belonging to 
its own family.

Kameyama et al. (Nature 407:37, 
2000) have suggested that the molecular 
process of bending may be due to 
decreased actin tyrosine-phosphorylation 
in the pulvinus. Actin is a protein that can 
form filaments, which in combination with 
other proteins have the ability to contract. 
In plants, the actin cytoskeleton is also 
involved in various other phenomena such 
as cell growth, mitosis and cytoplasmic 
streaming. It was found that inhibitors like 
cytochalasin ß and phalloidin, which inhibit 
actin filament formation, also prevented 
the bending movement of the leaves of 
Mimosa, which suggests that actin filaments 
are also involved in addition to the change 
in turgor pressure, in leaf movements. 

Researchers still need to understand 
the molecular mechanisms through which 
these leaf movement factors function, 
after the perception of the leaf-movement 
factors by the specific receptors on the cell 
membrane. This will help throw more light 
and give us a wider view of the nature of 
biological clock and its role in nyctinastic 
movements in plants.
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Nyctinastic movement 
commonly observed 
in leguminous plant 
Samania saman (A) 
Opened leaflets during 
day (B) Partially closed 
leaflets in the early 
evening hours
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The circadian rhythm observed in fungi belonging to Basidiomycota (a) Full opened gills (b) Partially closed gill and (c) Closed gills
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