Plant Movement 1 – Why and How
Glen Jamieson
Movement
•
•
•
•

Plants burrow, climb, twine, capture and strangle! They curl up, roll up, close up and
open up!
Some movements are quick, others slow, and some take days to be measurable and to
show they have moved at all.
Some movements are permanent, while others are reversible.
So why and how is this done?

Nyctinasty
•
•
•
•

This term is derived from the Greek for night and “pressing close”.
One most obvious to us in the spring is the closing up of tulip flowers at dusk and their
opening up in the early morning.
This protects vulnerable tissues from possible nighttime consumers and frosts.
How plants know when to do this is because of the presence of phytochrome, previously
discussed. The disappearance of red light in the evening, and its occurrence in the
morning triggers the closing and reopening of the flower.
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Thermonasty
In contrast, rhododendron leaves are thermonastic, and many elepidote leaves droop
and roll up in response to below freezing temperatures.
It is not a wilting response, as there is no water loss.
It seems to be a response to minimise exposure to solar radiation. When taking in
radiation at below freezing temperatures, plants don’t have the biochemical
mechanisms to shuttle that radiation into photosynthesis. That radiation can damage
the leaves, so by curling and drooping, rhododendron leaves drastically reduce the
amount of sunlight hitting them when they can’t use it by reducing the leaf area
exposed to sunlight.
This behaviour may also help leaves thaw slower after a frost, since if the leaves thaw
and uncurl too quickly, frost needles could puncture and damage the surface of the
leaves.

•
•
•
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When temperatures drop, water moves from the petiole into the leaf, causing the leaf
to droop. The water is distributed through the leaf unevenly, and as it freezes, it causes
the top of the leaf to expand and the underside to contract. This makes the leaf start to
curl, and because of its stiff midrib, it forms a tube rather than a ball shape.

•

When conditions warm up, the leaves unroll and perk up!

Thigmonasty
•

Sensitive plans exhibit thigmonastic movement, where a plant closes up in response to
touch.

•

•

This can help protect a leaf, since when the leave collapses and functionally disappears
if an insect or other object lands on it, it may dislodge a potential consumer and/or drop
the unwanted object.
Alternatively, as with the Venus flytrap (Dionaea muscipula), some plants can rapidly
capture prey items and so provide the plant with nutrients.

Causes of Thigmonastic Flower and Leaf Closures
•
•
•

•

Most physical movements in plants rely on the regulation of water movement.
Sensitive plant (Mimosa species) leaves are structures like a feather, with many tiny
leaflets, each with a swollen bump (pulvinus) at its base that is filled with water.
When a leaf is touched, a series of chemical changes occurs inside nearby pulvini, which
cause water to move out of some and into others. This asymmetric tugour change
causes opposite leaflets to fold together, and if the touch is strong, the pulvini at the
base of the leaf itself expands, causing the entire leaf to fold downwards.
When the threat is passed, water seeps from the pulvini back into the surrounding
tissues, causing the leaf petiole to rise and the leaflets to unfold.
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•

•

With a Venus flytrap, there are three trigger hairs on the inner surface of each trap, and
when two are tripped within seconds of each other, such as by a crawling insect, the
trap quickly closes.
Transmission of a single electrical charge between a leaf lobe and the midrib
causes closure of the trap and induces an electrical signal propagating between both
lobes and midrib. The Venus flytrap can accumulate small subthreshold charges, and
when the threshold value is reached, the trap closes.

•

Disturbance of two trigger hairs is required to avoid accidental disturbance by nonmoving debris that may have fallen into the trap.
Venus flytrap
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•
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The mechanism for closure is still not well-understood, but actively employs turgor
pressure and hydrodynamic flow to initiate closure.
The best hypothesis is explained by a hydroelastic curvature model, stating that the
lobes possess curvature elasticity and have inner and outer hydraulic layers with
different hydraulic pressures.
The open state has high elastic energy and a stimulus induces fast water transport,
resulting in a mono-stable closed state.
Within 0.1–0.3 seconds of receiving enough stimulation, the trap can snap to a semiclosed transition state. In this state, cilia on the edge of the overlap, but there is still a
visible gap between two lobes. If there is no further stimulation, then the trap will
reopen within 1–2 days.
However, if constant stimulation, such as from a trapped insect, within the trap takes
place, the trap will proceed to a sealed state and will remain closed for up to two weeks.
By possessing this intermediate signaling point, the plant is able to “make a decision” to
reopen if the prey were to escape, which is adaptively advantageous.

Tropisims
•
•

Derived from the Greek word for turn, tropic movement can be positive (turns inward)
or negative (turns outward) from the environmental factor.
Some tropic movements are quick and reversible like nastic movements, while others
are slow and permanent because they trigger a change in a plants growth.

•
•

Heliotropism is when solar tracking occurs, such as when a young sunflower’s flower
and leaves track the sun’s movement across the sky.
Heliotropism is most common in an alpine or arctic habitat, to allow the flowers to
collect heat to draw in pollinating insects for a quick-warmup before they depart with
pollen.

Heliotropism

Sunflowers

•

•
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In contrast, many tropical plants avoid the absorbed sunlight’s heat load and drought
stress through the same process by keeping their flowers and leaf surfaces parallel to
the sunlight, a process termed paraheliotropism.
However, although solar tracking depends on sunlight, it is not controlled by
phytochrome like nyctinasty is, but rather by yet another pigment called cryptochrome
(hidden pigment), which absorbs blue and ultra-violet light.
They are photoreceptors that regulate entrainment by light of the circadian clock in
both plants and animals, being an integral part of the central circadian oscillator in
animal brains and receptors controlling photomorphogenesis in plants in response to
blue or ultraviolet light.

Paraheliotropism
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Receptors with this pigment send a signal to a pulvinus at the base of a leaf or flower
which then moves the leaf or flower to just the right angle to the sun.
As the sun moves, so do the leaves and/or flowers, with movement stopped when a
cloud passes by, but then resumed again when it passes until the perfect angle is
reached.
On an aside, cryptochromes also occur in animals and are receptors that share structural
sequences similar to DNA photolyases, which are DNA-repair enzymes that use blue
light to repair UV-induced DNA damage.
They are widely occurring in bacteria and in all multi-cellular organisms, whether plant
or animal.

