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Effect of light on living organisms
The effect of light on living organisms is a good example of a synoptic
topic, i.e. one which requires students to pull together information from
many different areas of the syllabus.  Since students usually revise their
Biology in topic chunks or in the order in which it was taught, topics such
as this one, which cross many different areas of the syllabus, can prove a
real headache in an exam.  This Factsheet summarises the most important
effects of light on plants and animals and illustrates the level of detail
required on each topic to gain the highest grade.

The effect of light on living organisms can be treated under five headings:

1. Photosynthesis
2. Transpiration
3. Vision
4. Plant growth responses
5. Photoperiod

Light is detected by photoreceptors – specialised cell organelles which
contain photosensitive pigments that respond to light (Table 1).

Table 1. Photoreceptors

1. Photosynthesis
All life on Earth ultimately depends on solar energy.  Autotrophs convert
solar energy into chemical energy in the form of carbohydrate. These
autotrophs provide food for heterotrophs, which in turn become food for
other heterotrophs.

Light is absorbed by the plant pigment chlorophyll.  This excites electrons
and, whilst these are passed through carriers, energy is released and is used
to convert ADP into ATP. Photolysis, the splitting of water with light,
yields hydrogen atoms, which reduce NADP (forming NADPH

2
), which

is then used to reduce carbon dioxide. The reduction of carbon dioxide
produces carbohydrates, which can then be converted into many other
substances the plant requires. Photolysis also releases oxygen, which allows
aerobic respiration of both plants and animals.

Only certain wavelengths of the electromagnetic spectrum are used (Fig 1)
and within this spectrum some wavelengths are absorbed (absorption
spectrum) and used (action spectrum) more than others.

2. Transpiration
Light intensity affects stomatal opening. Water diffuses out of stomata
and, in turn, the loss of water from conducting tubes such as vessels draws
up a stream of water and minerals through the plant.  The water column is
held together by cohesion (water molecule to water molecule) and by
adhesion (water molecule to side of vessel).

3. Vision
Many unicellular organisms are sensitive to light, but in multicellular
organisms this sensitivity is usually concentrated in certain spots.
Cnidarians, annelids, molluscs, arthropods and vertebrates are all able to
form images using light of wavelength 380-760 nm.  Wavelengths above
this have insufficient energy to have much photochemical effect and
wavelengths below this have too much energy and are harmful. Some species,
e.g. bees, are able to use wavelengths such as ultraviolet and are also able to
detect the plane of polarisation of light, which they use to determine the
direction of, for example, food sources. Vision offers a huge survival
advantage to organisms who are able to find food and mates and avoid
predators more efficiently.
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4. Plant growth responses
Plants show tropic responses to light.  A tropism is movement of a plant
or part of a plant in response to and directed by an external stimulus, thus
in phototropism the stimulus is light.  The light stimulus is detected by the
shoot tip, which releases auxins, e.g. IAA, which diffuse downwards and
cause cell extension in the zone of elongation.  Auxin diffuses to the shaded
side of the stem and it is therefore cells on this side which elongate.  This
ensures that the stem grows towards the light.  This gives the plant more
light, hence photosynthesis is increased and the survival chances of the
plant increase.  Auxin is also responsible for apical dominance – the
suppression of lateral branches by the leading shoot.  This ensure that the
plant grows up towards maximum light and not out into a bush.

Plants also show photonastic responses, e.g. flowers open as a response
to increasing light. Microscopic algae such as Chlamydomonas show
phototaxis – movement of the whole organism in response to and directed
by light.

5. Photoperiod
The photoperiod – the relative length of day and night – is detected by the
pigment phytochrome. Phytochrome controls the daily movement of leaves
into the horizontal position in the morning and vertical position at night
and some plants, e.g. sunflower, show heliotropism, in that their flowers
follow the sun around the sky.  In many succulent desert plants the normal
pattern of stomatal behaviour- opening in the daytime and closing at night-
is reversed, effectively decreasing transpiration losses.

Short day plants, e.g. chrysanthemum, need short days and long nights to
flower. Long day plants, e.g. cabbage, need short nights to flower.   Response
to photoperiod is essential for a plant’s survival, since the photoperiod is
linked to average daily temperatures and incidence of frost, etc.  The length
of the photoperiod also influences the shape of leaves, the development of
transport tissues, such as xylem and phloem, and the area and thickness of
leaves. Generally, the greater the light intensity, the smaller and thicker the
leaf (Fig 2).

Fig 3. Seasonal changes in the herbaceous layer of an oak wood
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Fig 2. Sun and shade leaves
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The plants growing beneath a woodland canopy show different degrees of
shade tolerance.  Often, different species will grow and flower at different
time of the year, according to the changing amount of light which is able to
penetrate through the tree canopy above (Fig 3).

The photoperiod also influences many aspects of animal development and
behaviour.  Birds migrate north to breeding grounds to benefit from longer
days and greater abundance of food and then south at the end of the
breeding season to avoid winter. Photoperiod also controls moulting,
gametogenesis and egg production in birds – which is why battery farmers
leave the lights on all night so that their hens produce more eggs.

The increasing photoperiod in spring also stimulates many wild mammals
to breed. The oestrus cycle of many animals, such as sheep, is closely
linked to the photoperiod. Decreasing photoperiod in autumn stimulates
ewes to go into oestrus and accelerates the production of sperm by the
ram.  Mating occurs in late autumn and this ensures that the lambs are born
in the following spring when the conditions are, hopefully, more favourable.

In species such as seals, badgers and roe deer, the photoperiod brings about
delayed implantation – following mating and egg fertilisation there is a
delay in the blastocyst becoming implanted in the uterus. This prolongs
pregnancy, again ensuring that the young are born in spring.

Exam Hint - Sun and shade leaves often feature in data interpretation
questions. Candidates are usually asked to suggest how a shade leaf
is adapted to its environment.
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2. Flowering in flowering plants is regulated by photoperiodism, which
is the relative lengths of daylight to darkness. Plants may be long day
plants, short day plants or neutral to the effects of the daylength.
There is a plant pigment that exists in two forms, P

660
 and P

730
. P

660

has a maximum light absorption around 600 nm (red light) and P
730

 has
a maximum light absorption around 730nm (far red light).

§ Red light is absorbed by P
660

 which converts it to P
730

.
§ Far red light is absorbed by P

730
 which converts it to P

660
.

§ P
730

 in the dark slowly converts to P
660

 and it is this slow conversion
that is the ‘clock’ by which the plant measures night length.

Flowering in long day plants is stimulated only if the level of P
730

 stays
above a critical value. Flowering in short day plants is stimulated only
if the level of P

730
 drops below a critical value.

(a) (i) Name the plant pigment which occurs in the forms P
660

 and
P

730
.

(1 mark)

(ii) Draw a simple flow chart to illustrate the interconversion
between P

660
 and P

730
.

(2 marks)

(b) A number of Poinsettia plants were subjected to three different
patterns of illumination (blank spaces) and darkness (black spaces).
The following results were obtained.

Using the information above, deduce whether Poinsettias are long
day plants, short day plants or day neutral plants. Explain your
answer.      (2 marks)

1.

2.

3.

No flowering

Flowering

No flowering
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(c) Cucumber plants show no relationship between daylength and
flowering. Suggest two factors which could trigger flowering in
cucumbers.

(2 marks)

Answers
Semicolons indicate marking points.

1. B;
thinner/thinner cuticle, therefore less distance for light to penetrate;
larger intercellular air spaces;
allows efficient gas exchange;
larger chloroplasts/greater chlorophyll concentrations;
absorb any available light.

2. (a) (i) phytochrome;

(ii)

(b) Short day plants;
require a dark period longer than a critical length;

(c) Any two of:
temperature change/humidity/soil water availability/light intensity;

P
660

red light/day

far red light/night

 P
730

A B

Identify which of the two leaves is the shade leaf. Explain your answer.
(5 marks)

Practice Questions
1. The diagram shows cross sections through sun and shade leaves of the

same tree species.  Sun leaves are found at the top of the tree and often
receive full sunlight whilst shade leaves are found lower down on the
tree and often experience shaded conditions.


