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Sexual reproduction

The advantages and disadvantages 
of asexual reproduction 
The advantages and disadvantages of asexual 
reproduction discussed below are in the context 
of flowering plants. However, the points made 
are equally applicable to most forms of asexual 
reproduction.

In asexual reproduction no gametes are involved 
and all the new plants are produced by cell division 
(‘Mitosis’, Chapter 17) from only one parent. 
Consequently they are genetically identical; 
there is no variation. A population of genetically 
identical individuals produced from a single 
parent is called a clone. This has the advantage 
of preserving the ‘good’ characteristics of a 
successful species from generation to generation. 
The disadvantage is that there is no variability for 
natural selection (Chapter 18) to act on in the 
process of evolution.

In agriculture and horticulture, asexual 
reproduction (vegetative propagation) is exploited 
to preserve desirable qualities in crops: the good 
characteristics of the parent are passed on to all the 
offspring. With a flower such as a daffodil, the bulbs 
produced can be guaranteed to produce the same 
shape and colour of flower from one generation to 
the next. In some cases, such as tissue culture, the 
young plants grown can be transported much more 
cheaply than, for example, potato tubers as the latter 
are much heavier and more bulky. Growth of new 
plants by asexual reproduction tends to be a quick 
process. 

In natural conditions in the wild it might be 
a disadvantage to have no variation in a species. 
If the climate or other conditions change and a 
vegetatively produced plant has no resistance to a 
particular disease, the whole population could be 
wiped out. 

 Dispersal
A plant that reproduces vegetatively will already be 
growing in a favourable situation, so all the offspring 
will find themselves in a suitable environment. 
However, there is no vegetative dispersal mechanism 
and the plants will grow in dense colonies, 
competing with each other for water and minerals. 
The dense colonies, on the other hand, leave little 
room for competitors of other species.

As mentioned before, most plants that reproduce 
vegetatively also produce flowers and seeds. In this 
way they are able to colonise more distant habitats.

 Food storage
The store of food in tubers, tap roots, bulbs, 
etc. enables the plants to grow rapidly as soon 
as conditions become favourable. Early growth 
enables the plant to flower and produce seeds before 
competition with other plants (for water, mineral 
salts and light) reaches its maximum. This must be 
particularly important in woods where, in summer, 
the leaf canopy prevents much light from reaching 
the ground and the tree roots tend to drain the soil 
of moisture over a wide area.

Advantages Disadvantages
No mate is needed.
No gametes are needed.
All the good characteristics of 
the parent are passed on to the 
offspring.
Where there is no dispersal (e.g. 
with potato tubers), offspring 
will grow in the same favourable 
environment as the parent.
Plants that reproduce asexually 
usually store large amounts of 
food that allow rapid growth 
when conditions are suitable.

There is little variation created, 
so adaptation to a changing 
environment (evolution) is unlikely.
If the parent has no resistance to 
a particular disease, none of the 
offspring will have resistance.
Lack of dispersal (e.g. with potato 
tubers) can lead to competition for 
nutrients, water and light.

Table 16.1 Summary: advantages and disadvantages of asexual 
reproduction

 ● Sexual reproduction
Key definitions
Sexual reproduction is a process involving the fusion 

of two gametes (sex cells) to form a zygote and the 
production of offspring that are genetically different 
from each other. 

Fertilisation is the fusion of gamete nuclei.

The following statements apply equally to plants  
and animals. Sexual reproduction involves the 
production of sex cells. These sex cells are called 
gametes and they are made in reproductive organs. 
The process of cell division that produces the 
gametes is called meiosis (Chapter 17). In sexual 
reproduction, the male and female gametes come 
together and fuse, that is, their cytoplasm and nuclei 
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gametes and are not mobile. Pollination in seed-
bearing plants and mating in most animals bring the 
male and female gametes close together.

sperm swims
to ovum

pollen tube
grows to
egg cell

(a)  animal (b)  plant

Figure 16.16 The male gamete is small and mobile; the female 
gamete is larger.

join together to form a single cell called a zygote. 
The zygote then grows into a new individual (see 
Figure 16.30). 

In flowering plants the male gametes are found 
in pollen grains and the female gametes, called 
egg cells, are present in ovules. In animals, male 
gametes are sperm and female gametes are eggs. 
Details of fertilisation are given later in this 
chapter. 

In both plants and animals, the male gamete is 
microscopic and mobile (i.e. can move from one place 
to another). The sperm swim to the ovum; the pollen 
cell moves down the pollen tube (Figure 16.16).  
The female gametes are always larger than the male

Chromosome numbers
In normal body cells (somatic cells) the chromosomes 
are present in the nucleus in pairs. Humans, for 
example, have 46 chromosomes: 23 pairs. Maize 
(sweetcorn) has 10 pairs. This is known as the 
diploid number. When gametes are formed, the 
number of chromosomes in the nucleus of each sex 
cell is halved. This is the haploid number. During 
fertilisation, when the nuclei of the sex cells fuse, a 
zygote is formed. It gains the chromosomes from 
both gametes, so it is a diploid cell (see Chapter 17).

The advantages and disadvantages 
of sexual reproduction
In plants, the gametes may come from the same 
plant or from different plants of the same species. In 
either case, the production and subsequent fusion 
of gametes produce a good deal of variation among 
the offspring (see Chapter 18). This may result from 
new combinations of characteristics, e.g. petal colour 
of one parent combined with fruit size of the other. 
It may also be the result of spontaneous changes in 
the gametes when they are produced.

Variation can have its disadvantages: some 
combinations will produce less successful individuals. 
On the other hand, there are likely to be some more 
successful combinations that have greater survival 
value or produce individuals which can thrive in new 
or changing environments.

In a population of plants that have been produced 
sexually, there is a chance that at least some of the 

offspring will have resistance to disease. These plants 
will survive and produce further offspring with 
disease resistance.

The seeds produced as a result of sexual 
reproduction will be scattered over a relatively wide 
range. Some will land in unsuitable environments, 
perhaps lacking light or water. These seeds will fail 
to germinate. Nevertheless, most methods of seed 
dispersal result in some of the seeds establishing 
populations in new habitats.

The seeds produced by sexual reproduction all 
contain some stored food but it is quickly used up 
during germination, which produces only a miniature 
plant. It takes a long time for a seedling to become 
established and eventually produce seeds of its own.

 Sexual reproduction is exploited in agriculture 
and horticulture to produce new varieties of animals 
and plants by cross-breeding. 

Cross-breeding
It is possible for biologists to use their knowledge 
of genetics (see ‘Monohybrid inheritance’ in 
Chapter 17) to produce new varieties of plants 
and animals. For example, suppose one variety of 
wheat produces a lot of grain but is not resistant to 
a fungus disease. Another variety is resistant to the 
disease but has only a poor yield of grain. If these 
two varieties are cross-pollinated (Figure 16.17), the 
F1 (which means ‘first filial generation’) offspring 
should be disease-resistant and give a good yield of 
grain (assuming that the useful characteristics are 
controlled by dominant genes).
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female gamete (i.e. from stamen to stigma) is called 
pollination. The pollen grain grows a microscopic tube, 
which carries the male gamete the last few millimetres 
to reach the female gamete for fertilisation. The zygote 
then grows to form the seed. These processes are all 
described in more detail later in this chapter.

Flower structure
The basic structure of a flower is shown in 
Figures 16.18 and 16.21.

Petals
Petals are usually brightly coloured and sometimes 
scented. They are arranged in a circle (Figure 16.18) 
or a cylinder. Most flowers have from four to ten 
petals. Sometimes they are joined together to form 
a tube (Figures 16.20 and 16.21) and the individual 
petals can no longer be distinguished. The colour and 
scent of the petals attract insects to the flower; the 
insects may bring about pollination.

The flowers of grasses and many trees do not have 
petals but small, leaf-like structures that enclose the 
reproductive organs (Figures 16.28 and 16.29).

 ● Sexual reproduction in 
plants

Flowers are reproductive structures; they contain the 
reproductive organs of the plant. The male organs 
are the stamens, which produce pollen. The female 
organs are the carpels. After fertilisation, part of the 
carpel becomes the fruit of the plant and contains the 
seeds. In the flowers of most plants there are both 
stamens and carpels. These flowers are, therefore, 
both male and female, a condition known as bisexual 
or hermaphrodite.

Some species of plants have unisexual flowers, i.e. 
any one flower will contain either stamens or carpels 
but not both. Sometimes both male and female 
flowers are present on the same plant, e.g. the hazel, 
which has male and female catkins on the same tree. 
In the willow tree, on the other hand, the male and 
female catkins are on different trees.

The male gamete is a cell in the pollen grain. The 
female gamete is an egg cell in the ovule. The process 
that brings the male gamete within reach of the 

pollen
grain

ovule

HHrr
high yield (H)
low resistance (r)

hhRR
low yield (h)
high resistance (R)

F1 seeds give rise to plants with
high yield and high resistance

Hr hR

Hh
Rr

Figure 16.17 Combining useful characteristics

A long-term disadvantage of selective breeding is the 
loss of variability. By eliminating all the offspring who 
do not bear the desired characteristics, many genes are 
lost from the population. At some future date, when 
new combinations of genes are sought, some of the 
potentially useful ones may no longer be available.

You will find more information on cross-breeding 
in ‘Selection’, Chapter 18.

Advantages Disadvantages
There is variation in the 
offspring, so adaptation to a 
changing or new environment 
is likely, enabling survival of the 
species.
New varieties can be created, 
which may have resistance to 
disease.
In plants, seeds are produced, 
which allow dispersal away 
from the parent plant, reducing 
competition.

Two parents are usually needed 
(though not always – some plants 
can self-pollinate).
Growth of a new plant to maturity 
from a seed is slow.

Table 16.2 Summary: advantages and disadvantages of sexual 
reproduction
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anther

ovary

ovule

style

petals

stigma

filament

Figure 16.21 Daffodil flower. Outline drawing of Figure 16.20. In 
daffodils, lilies, tulips, etc. (monocots) there is no distinction between 
sepals and petals.

Sepals
Outside the petals is a ring of sepals. They are often 
green and much smaller than the petals. They may 
protect the flower when it is in the bud.

Stamens
The stamens are the male reproductive organs of a 
flower. Each stamen has a stalk called the filament, 
with an anther on the end. Flowers such as the 
buttercup and blackberry have many stamens; others 
such as the tulip have a small number, often the 
same as, or double, the number of petals or sepals. 
Each anther consists of four pollen sacs in which the 
pollen grains are produced by cell division. When the 
anthers are ripe, the pollen sacs split open and release 
their pollen (see Figure 16.26).

Pollen
Insect-pollinated flowers tend to produce smaller 
amounts of pollen grains (Figure 16.22(a)), which 
are often round and sticky, or covered in tiny spikes 
to attach to the furry bodies of insects.

Wind-pollinated flowers tend to produce 
larger amounts of smooth, light pollen grains 
(Figure 16.22(b)), which are easily carried by the 
wind. Large amounts are needed because much of 
the pollen is lost: there is a low chance of it reaching 
another flower of the same species.

Carpels
These are the female reproductive organs. Flowers 
such as the buttercup and blackberry have a large 
number of carpels while others, such as the lupin, 
have a single carpel. Each carpel consists of an ovary, 
bearing a style and a stigma.

stigma

ovary

outer
sepal nectary

(stamen removed)
(inner sepal removed)

anther
filament stamen

petal

Figure 16.18 Wallflower; structure of flower (one sepal, two 
petals and stamen removed)

petal

anther stigma

ovary

ovule

longitudinal
section

nectary
petals,
stamens,
sepals
removed

filament

sepal stamen carpel

Figure 16.19 Floral parts of wallflower

Figure 16.20 Daffodil flower cut in half. The inner petals form a tube. 
Three stamens are visible round the long style and the ovary contains 
many ovules.
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Inside the wings are two more petals joined together 
to form a boat-shaped keel.

The single carpel is long, narrow and pod shaped, 
with about ten ovules in the ovary. The long style 
ends in a stigma just inside the pointed end of the 
keel. There are ten stamens: five long ones and five 
short ones. Their filaments are joined together at the 
base to form a sheath around the ovary.

The flowers of peas and beans are very similar to 
those of lupins.

petals

standard keel wing

stigma

anther

style

stamen
anther

filamentovaryovule

receptacle

sepal

Figure 16.23 Half-flower of lupin

The shoots or branches of a plant carrying groups 
of flowers are called inflorescences. The flowering 
shoots of the lupin in Figure 16.25 are inflorescences, 
each one carrying about a hundred individual flowers.

Figure 16.22 Pollen grains 

(a) insect-borne pollen grains (b) wind-borne pollen grains

Inside the ovary there are one or more ovules. 
Each blackberry ovary contains one ovule but the 
wallflower ovary contains several. The ovule will 
become a seed, and the whole ovary will become a 
fruit. (In biology, a fruit is the fertilised ovary of a 
flower, not necessarily something to eat.)

The style and stigma project from the top of the 
ovary. The stigma has a sticky surface and pollen 
grains will stick to it during pollination. The style 
may be quite short (e.g. wallflower, Figure 16.18) or 
very long (e.g. daffodil, Figures 16.20 and 16.21).

Receptacle
The flower structures just described are all attached 
to the expanded end of a flower stalk. This is called 
the receptacle and, in a few cases after fertilisation,  
it becomes fleshy and edible (e.g. apple and pear).

Lupin
The lupin flower is shown in Figures 16.23 to 
16.25. There are five sepals but these are joined 
together forming a short tube. The five petals are 
of different shapes and sizes. The uppermost, called 
the standard, is held vertically. Two petals at the 
sides are called wings and are partly joined together. 

fused bases of filaments
forming sheath round ovary

ovary

stamen

style

(c) one side of keel removed

keel

(b) one wing removed

standard

wing

sepal

(a) intact

Figure 16.24 Lupin flower dissected
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has collected in the tip of the keel and, as the petals 
are pressed down, the stigma and long stamens push 
the pollen out from the keel on to the underside of 
the bee (Figure 16.27). The bee, with pollen grains 
sticking to its body, then flies to another flower. If 
this flower is older than the first one, it will already 
have lost its pollen. When the bee’s weight pushes 
the keel down, only the stigma comes out and 
touches the insect’s body, picking up pollen grains on 
its sticky surface.

Lupin and wallflower are examples of insect-
pollinated flowers.

Wind pollination
Grasses, cereals and many trees are pollinated not 
by insects but by wind currents. The flowers are 

Figure 16.25 Lupin inflorescence. There are a hundred or more flowers 
in each inflorescence. The youngest flowers, at the top, have not yet 
opened. The oldest flowers are at the bottom and have already been 
pollinated.

Pollination
Key definition
Pollination is the transfer of pollen grains from the anther to 

the stigma.

The transfer of pollen from the anthers to the 
stigma is called pollination. The anthers split 
open, exposing the microscopic pollen grains 
(Figure 16.26). The pollen grains are then carried 
away on the bodies of insects, or simply blown by the 
wind, and may land on the stigma of another flower. 

Insect pollination
Lupin flowers have no nectar. The bees that visit 
them come to collect pollen, which they take back to 
the hive for food. Other members of the lupin family 
(Leguminosae, e.g. clover) do produce nectar.

The weight of the bee, when it lands on the 
flower’s wings, pushes down these two petals and 
the petals of the keel. The pollen from the anthers 

(a) (b) pollen sacs split
exposing pollen

pollen grains

pollen
sac

filament

Figure 16.26 Structure of an anther (top cut off)

pollen is dusted on
the underside of
the bee’s body

wings and keel are depressed
by the bee’s weight

Figure 16.27 Pollination of the lupin
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Most insect-pollinated flowers have brightly 
coloured petals and scent, which attract a variety of 
insects. Some flowers produce nectar, which is also 
attractive to many insects. The dark lines (‘honey 
guides’) on petals are believed to help direct the 
insects to the nectar source and thus bring them into 
contact with the stamens and stigma.

These features are adaptations to insect pollination 
in general, but are not necessarily associated with any 
particular insect species. The various petal colours 
and the nectaries of the wallflower attract a variety of 
insects. Many flowers, however, have modifications 
that adapt them to pollination by only one type or 
species of insect. Flowers such as the honeysuckle, 
with narrow, deep petal tubes, are likely to be 
pollinated only by moths or butterflies, whose long 
‘tongues’ can reach down the tube to the nectar.

Tube-like flowers such as foxgloves need to be 
visited by fairly large insects to effect pollination. 
The petal tube is often lined with dense hairs, which 
impede small insects that would take the nectar 
without pollinating the flower. A large bumble-bee, 
however, pushing into the petal tube, is forced to rub 
against the anthers and stigma.

Many tropical and sub-tropical flowers are adapted 
to pollination by birds, or even by mammals such as 
bats and mice.

Wind-pollinated flowers are adapted to their method 
of pollination by producing large quantities of light 
pollen, and having anthers and stigmas that project 
outside the flower (Figures 16.28 and 16.29). Many 
grasses have anthers that are not rigidly attached to the 
filaments and can be shaken by the wind. The stigmas 
of grasses are feathery, providing a large surface area, 
and act as a net that traps passing pollen grains.

bract
feathery
stigma

long
filament

anther loosely
attached to
filament

Figure 16.29 Wind-pollinated grass flower

Table 16.3 compares the features of wind- and insect-
pollinated flowers.

often quite small with inconspicuous, green, leaf-like 
bracts, rather than petals. They produce no nectar. 
The anthers and stigma are not enclosed by the bracts 
but are exposed to the air. The pollen grains, being 
light and smooth, may be carried long distances by 
the moving air and some of them will be trapped on 
the stigmas of other flowers.

In the grasses, at first, the feathery stigmas 
protrude from the flower, and pollen grains floating 
in the air are trapped by them. Later, the anthers 
hang outside the flower (Figures 16.28 and 16.29), 
the pollen sacs split and the wind blows the pollen 
away. This sequence varies between species.

If the branches of a birch or hazel tree with ripe 
male catkins, or the flowers of the ornamental pampas 
grass, are shaken, a shower of pollen can easily be seen.

Figure 16.28 Grass flowers. Note that the anthers hang 
freely outside the bracts.

Adaptation
Insect-pollinated flowers are considered to be adapted 
in various ways to their method of pollination. The 
term ‘adaptation’ implies that, in the course of 
evolution, the structure and physiology of a flower 
have been modified in ways that improve the chances 
of successful pollination by insects.
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■ Put a drop of water on one side of the slide, just touching 
the edge of the coverslip, and draw it under the coverslip by 
holding a piece of filter paper against the opposite edge. This 
will remove excess stain.

■ If the squash preparation is now examined under the 
microscope, pollen tubes may be seen growing between the 
spread-out cells of the stigma.

Fertilisation
Pollination is complete when pollen from an 
anther has landed on a stigma. If the flower is to 
produce seeds, pollination has to be followed by a 
process called fertilisation. In all living organisms, 
fertilisation happens when a male sex cell and a 
female sex cell meet and join together (they are said 
to fuse together). The cell that is formed by this 
fusion is called a zygote and develops into an embryo 
of an animal or a plant (Figure 16.30). The sex cells 
of all living organisms are called gametes.

In flowering plants, the male gamete is in the pollen 
grain; the female gamete, called the egg cell, is in the 
ovule. For fertilisation to occur, the nucleus of the 
male cell from the pollen grain has to reach the female 
nucleus of the egg cell in the ovule, and fuse with it. 

Practical work

The growth of pollen tubes
Method A

■ Make a solution of 15 g sucrose and 0.1 g sodium borate in 
100 cm3 water. 

■ Put a drop of this solution on a cavity slide and scatter some 
pollen grains on the drop. This can be done by scraping an 
anther (which must already have opened to expose the pollen) 
with a mounted needle, or simply by touching the anther on 
the liquid drop.

■ Cover the drop with a coverslip and examine the slide under 
the microscope at intervals of about 15 minutes. In some 
cases, pollen tubes may be seen growing from the grains.

■ Suitable plants include lily, narcissus, tulip, bluebell, lupin, 
wallflower, sweet pea or deadnettle, but a 15% sucrose 
solution may not be equally suitable for all of them. It may be 
necessary to experiment with solutions ranging from 5 to 20%.

Method B

■ Cut the stigma from a mature flower, e.g. honeysuckle, crocus, 
evening primrose or chickweed, and place it on a slide in a 
drop of 0.5% methylene blue. 

■ Squash the stigma under a coverslip (if the stigma is large, it 
may be safer to squash it between two slides), and leave it for 
5 minutes.

Feature Insect-pollinated Wind-pollinated
petals present – often large, coloured and scented, with guidelines to 

guide insects into the flower
absent, or small, green and inconspicuous

nectar produced by nectaries, to attract insects absent
stamen present inside the flower long filaments, allowing the anthers to hang freely outside the 

flower so the pollen is exposed to the wind
stigmas small surface area; inside the flower large and feathery; hanging outside the flower to catch pollen 

carried by the wind 
pollen smaller amounts; grains are often round and sticky or covered 

in spikes to attach to the furry bodies of insects
larger amounts of smooth and light pollen grains, which are 
easily carried by the wind

bracts (modified 
leaves)

absent sometimes present

Table 16.3 Features of wind- and insect-pollinated flowers

the male
cell …

meet

and their
nuclei fuse

the fertilised egg cell
divides many times and forms

an embryo which grows into
a new individual

and the
female
egg cell …

Figure 16.30 Fertilisation. The male and female gametes fuse to form a zygote, which grows into a new individual.
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(Figure 16.31(b)), now starts to elongate. The 
radicle is by now firmly anchored in the soil, so the 
rapidly growing hypocotyl arches upwards through 
the soil, pulling the cotyledons with it (Figure 
16.31(c)). Sometimes the cotyledons are pulled out 
of the testa, leaving it below the soil, and sometimes 
the cotyledons remain enclosed in the testa for a 
time. In either case, the plumule is well protected 
from damage while it is being pulled through the 
soil, because it is enclosed between the cotyledons 
(Figure 16.31(d)).

Once the cotyledons are above the soil, the 
hypocotyl straightens up and the leaves of the 
plumule open out (Figure 16.31(e)). Up to this 
point, all the food needed for making new cells and 
producing energy has come from the cotyledons.

The main type of food stored in the cotyledons 
is starch. Before this can be used by the growing 
shoot and root, the starch has to be turned into 
soluble sugar. In this form, it can be transported by 
the phloem cells. The change from starch to sugar 
in the cotyledons is brought about by enzymes, 
which become active as soon as the seed starts to 

 ● Extension work
Germination
The stages of germination of a French bean are 
shown in Figure 16.31.

A seed just shed from its parent plant contains 
only 5–20% water, compared with 80–90% in mature 
plant tissues. Once in the soil, some seeds will absorb 
water and swell up, but will not necessarily start to 
germinate until other conditions are suitable.

The radicle grows first and bursts through the 
testa (Figure 16.31(a)). The radicle continues to 
grow down into the soil, pushing its way between 
soil particles and small stones. Its tip is protected 
by the root cap (see ‘Water uptake’ in Chapter 8). 
Branches, called lateral roots, grow out from the 
side of the main root and help to anchor it firmly 
in the soil. On the main root and the lateral roots, 
microscopic root hairs grow out. These are fine 
outgrowths from some of the outer cells. They make 
close contact with the soil particles and absorb water 
from the spaces between them.

In the French bean a region of the embryo’s 
stem, the hypocotyl, just above the radicle 

testa splits hypocotyl
starts to grow

radicle
emerges

root
hairs

lateral roots
grow

hypocotyl
‘elbows’ out of soil

plumule protected
between cotyledons

cotyledons
withdrawn
from soil

growing
point

cotyledons
will fall
off

(a) (b) (c) (d) (e)

hypocotyl
staightens

Figure 16.31 Germination of French bean
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the energy for the many chemical changes involved 
in mobilising the food reserves and making the new 
cytoplasm and cell walls of the growing seedling.

Importance of temperature
In Chapter 5 it was explained that a rise in 
temperature speeds up most chemical reactions, 
including those taking place in living organisms. 
Germination, therefore, occurs more rapidly at high 
temperatures, up to about 40°C. Above 45°C, the 
enzymes in the cells are denatured and the seedlings 
would be killed. Below certain temperatures  
(e.g. 0–4°C) germination may not start at all in some 
seeds. However, there is considerable variation in 
the range of temperatures at which seeds of different 
species will germinate.The importance of water, oxygen and 

temperature in germination

Use of water in the seedling
Most seeds, when first dispersed, contain very little 
water. In this dehydrated state, their metabolism is 
very slow and their food reserves are not used up. The 
dry seeds can also resist extremes of temperature and 
desiccation. Before the metabolic changes needed for 
germination can take place, seeds must absorb water.

Water is absorbed firstly through the micropyle, in 
some species, and then through the testa as a whole. 
Once the radicle has emerged, it will absorb water 
from the soil, particularly through the root hairs. 
The water that reaches the embryo and cotyledons 
is used to:

● activate the enzymes in the seed
● help the conversion of stored starch to sugar, and 

proteins to amino acids
● transport the sugar in solution from the cotyledons 

to the growing regions
● expand the vacuoles of new cells, causing the root 

and shoot to grow and the leaves to expand
● maintain the turgor (Chapter 3) of the cells 

and thus keep the shoot upright and the leaves 
expanded

● provide the water needed for photosynthesis once 
the plumule and young leaves are above ground

● transport salts from the soil to the shoot.

Uses of oxygen
In some seeds the testa is not very permeable to 
oxygen, and the early stages of germination are 
probably anaerobic (Chapter 12). The testa when 
soaked or split open allows oxygen to enter. The 
oxygen is used in aerobic respiration, which provides 

germinate. The cotyledons shrivel as their food 
reserve is used up, and they fall off altogether soon 
after they have been brought above the soil.

By now the plumule leaves have grown 
much larger, turned green and started to 
absorb sunlight and make their own food by 
photosynthesis (page 66). Between the plumule 
leaves is a growing point, which continues the 
upward growth of the stem and the production 
of new leaves. The embryo has now become an 
independent plant, absorbing water and mineral 
salts from the soil, carbon dioxide from the air and 
making food in its leaves.

 ● Extension work
Germination and light
Since a great many cultivated plants are grown 
from seeds which are planted just below soil level, 
it seems obvious that light is not necessary for 
germination. There are some species, however, 
in which the seeds need some exposure to light 
before they will germinate, e.g. foxgloves and some 
varieties of lettuce. In all seedlings, once the shoot is 
above ground, light is necessary for photosynthesis.

Dormancy
When plants shed their seeds in summer and 
autumn, there is usually no shortage of water, 
oxygen and warmth. Yet, in a great many species, 
the seeds do not germinate until the following 
spring. These seeds are said to be dormant, i.e. 
there is some internal control mechanism that 
prevents immediate germination even though the 
external conditions are suitable.

If the seeds did germinate in the autumn, the 
seedlings might be killed by exposure to frost, 
snow and freezing conditions. Dormancy delays the 
period of germination so that adverse conditions are 
avoided.

The controlling mechanisms are very varied and 
are still the subject of investigation and discussion. 
The factors known to influence dormancy are 
plant growth substances (see ‘Tropic responses’ in 
Chapter 14), the testa, low temperature and light, 
or a combination of these.
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Figure 16.33 Experiment to show the need for oxygen

■ Leave the flasks for a week at room temperature.

Result
The seeds in flask B will germinate but there will be little or no 
germination in flask A.

Interpretation
The main difference between flasks A and B is that A lacks 
oxygen. Since the seeds in this flask have not germinated, it looks 
as if oxygen is needed for germination.

To show that the chemicals in flask A had not killed the seeds, 
the cotton wool can be swapped from A to B. The seeds from A 
will now germinate.

Note: Sodium hydroxide absorbs carbon dioxide from the air. The 
mixture (sodium hydroxide + pyrogallic acid) in flask A, therefore, 
absorbs both carbon dioxide and oxygen from the air in this flask. 
In the control flask B, the sodium hydroxide absorbs carbon dioxide 
but not oxygen. If the seeds in B germinate, it shows that lack of 
carbon dioxide did not affect them, whereas lack of oxygen did.

3 Temperature and germination

■ Soak some maize grains for a day and then roll them up in 
three strips of moist blotting paper as shown in Figure 16.34. 

■ Put the rolls into plastic bags. Place one in a refrigerator  
(about 4 °C), leave one upright in the room (about 20 °C) and 
put the third in a warm place such as over a radiator or, better, 
in an incubator set to 30 °C.

■ Because the seeds in the refrigerator will be in darkness, the 
other seeds must also be enclosed in a box or a cupboard, to 
exclude light. Otherwise it could be objected that it was lack of 
light rather than low temperature that affected germination.

■ After a week, examine the seedlings and measure the length 
of the roots and shoots.

Result
The seedlings kept at 30 °C will be more advanced than those at 
room temperature. The grains in the refrigerator may not have 
started to germinate at all.

Interpretation
Seeds will not germinate below a certain temperature. The 
higher the temperature, the faster the germination, at least up 
to 35–40 °C.

Practical work

Experiments on the conditions for 
germination
The environmental conditions that might be expected to affect 
germination are temperature, light intensity and the availability 
of water and air. The relative importance of some of these 
conditions can be tested by the experiments that follow. 

1 The need for water

■ Label three containers A, B and C and put dry cotton wool in 
the bottom of each. 

■ Place equal numbers of soaked seeds in all three. 
■ Leave A quite dry; add water to B to make the cotton wool 

moist; add water to C until all the seeds are completely 
covered (Figure 16.32). 

■ Put lids on the containers and leave them all at room 
temperature for a week.

soaked peas, dry cotton wool

soaked peas,
wet cotton wool

soaked peas,
covered with water

A

B C

Figure 16.32 Experiment to show the need for water in 
germination

Result
The seeds in B will germinate normally. Those in A will not 
germinate. The seeds in C may have started to germinate but will 
probably not be as advanced as those in B and may have died 
and started to decay.

Interpretation
Although water is necessary for germination, too much of it 
may prevent germination by cutting down the oxygen supply to 
the seed.

2 The need for oxygen

■ Set up the experiment as shown in Figure 16.33. 

 CARE: Pyrogallic acid and sodium hydroxide is a caustic 
mixture. Use eye shields, handle the liquids with care and 
report any spillage at once.

■ If the moist cotton wool is rolled in some cress seeds, they will 
stick to it. The bungs must make an airtight seal in the flask 
and the cotton wool must not touch the solution. Pyrogallic 
acid and sodium hydroxide absorb oxygen from the air, so 
the cress seeds in flask A are deprived of oxygen. Flask B is 
the control (see ‘Aerobic respiration’ in Chapter 12). This is to 
show that germination can take place in these experimental 
conditions provided oxygen is present. 
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could influence the results and then try to change 
only one condition at a time. The dangers are that: 
(1) some of the variables might not be controllable, 
(2) controlling some of the variables might also affect 
the condition you want to investigate, and (3) there 
might be a number of important variables you have 
not thought of.

1 In your germination experiments, you were 
unable to control the quality of the seeds, but 
had to assume that the differences between them 
would be small. If some of the seeds were dead 
or diseased, they would not germinate in any 
conditions and this could distort the results. This is 
one reason for using as large a sample as possible in 
the experiments.

2 You had to ensure that, when temperature was the 
variable, the exclusion of light from the seeds in the 
refrigerator was not an additional variable. This was 
done by putting all the seeds in darkness.

3 A variable you might not have considered could 
be the way the seeds were handled. Some seeds 
can be induced to germinate more successfully by 
scratching or chipping the testa.

maize grain

top

top edge

bottom
leave space
for growth

moist
blotting
paper

50 mm
20 mm

paper clip

polythene bag

Figure 16.34 Experiment to show the influence of temperature on 
germination. Roll the seeds in moist blotting-paper and stand the rolls 
upright in plastic bags.

Controlling the variables
These experiments on germination illustrate one of 
the problems of designing biological experiments. 
You have to decide what conditions (the ‘variables’) 

Self-pollination and  
cross-pollination

Key definitions
Self-pollination is the transfer of pollen grains from the 

anther of a flower to the stigma of the same flower, or 
a different flower on the same plant.

Cross-pollination is the transfer of pollen grains from 
the anther of a flower to the stigma of a flower on a 
different plant of the same species.

In self-pollinating plants, the pollen that reaches 
the stigma comes from the same flower or another 
flower on the same plant. In cross-pollination, the 
pollen is carried from the anthers of one flower to 
the stigma in a flower of another plant of the same 
species.

If a bee carried pollen from one of the younger 
flowers near the middle of a lupin plant (Figure 
16.25) to an older flower near the bottom, this 
would be self-pollination. If, however, the bee visited 
a separate lupin plant and pollinated its flowers, this 
would be cross-pollination.

The term ‘cross-pollination’, strictly speaking, 
should be applied only if there are genetic 
differences between the two plants involved. The 
flowers on a single plant all have the same genetic 
constitution. The flowers on plants growing from 
the same rhizome or rootstock (see ‘Asexual 
reproduction’ earlier in this chapter) will also have 
the same genetic constitution. Pollination between 
such flowers is little different from self-pollination in 
the same flower.

If a plant relies on self-pollination, the 
disadvantage will be that variation will not occur 
in subsequent generations. Those plants may 
not, therefore, be able to adapt to changing 
environmental conditions. However, self-
pollination can happen even if there are no 
pollinators, since the flower’s own pollen may drop 
onto its stigma. This means that even if pollinators 
are scarce (perhaps because of the reckless use 
of insecticides) the plant can produce seeds and 
prevent extinction.

Cross-pollination, on the other hand, will 
guarantee variation and give the plant species a 
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better chance of adapting to changing conditions. 
Some plants maintain cross-pollination by producing 
stamens (male reproductive parts) at a different 
time to the carpels (female reproductive parts). 
However, cross-pollinated plants do have a reliance 
on pollinators to carry the pollen to other plants.

Fertilisation
The pollen grain absorbs liquid from the stigma and 
a microscopic pollen tube grows out of the grain. 
This tube grows down the style and into the ovary, 
where it enters a small hole, the micropyle, in an 
ovule (Figure 16.35). The nucleus of the pollen 
grain travels down the pollen tube and enters the 
ovule. Here it combines with the nucleus of the egg 
cell. Each ovule in an ovary needs to be fertilised by 
a separate pollen grain.

Although pollination must occur before the ovule 
can be fertilised, pollination does not necessarily 
result in fertilisation. A bee may visit many flowers 
on a Bramley apple tree, transferring pollen from 

one flower to another. The Bramley, however, is 
‘self-sterile’; pollination with its own pollen will 
not result in fertilisation. Pollination with pollen 
from a different variety of apple tree, for example a 
Worcester, can result in successful fertilisation and 
fruit formation.

pollen
grain

stigma

pollen tube
enters micropyle

female nucleus

pollen tube

ovary wall

style
ovule

male nucleus

nuclei fuse

Figure 16.35 Diagram of fertilisation showing pollen tube

 ● Extension work
Fruit and seed formation
After the pollen and the egg nuclei have fused, 
the egg cell divides many times and produces a 
miniature plant called an embryo. This consists 
of a tiny root and shoot, with two special leaves 

called cotyledons. In dicot plants (see ‘Features of 
organisms’ in Chapter 1) food made in the leaves 
of the parent plant is carried in the phloem to the 
cotyledons.

The cotyledons eventually grow so large with 
this stored food that they completely enclose the 
embryo (see Figure 16.37). In monocot plants 

Figure 16.36 Tomato; fruit formation
(a)  Tomato flowers – the petals of the older flowers are shrivelling

(b)  After fertilisation – the 
petals have dropped 
and the ovary is 
growing.

(c)  Ripe fruit – the ovary 
has grown and ripened. 
The green sepals 
remain and the dried 
stigma is still attached.
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 ● Sexual reproduction in 
humans

Reproduction is the process of producing new 
individuals. In human reproduction the two sexes, 
male and female, each produce special types of 
reproductive cells, called gametes. The male gametes 
are the sperm (or spermatozoa) and the female 
gametes are the ova (singular = ovum) or eggs 
(Figure 16.39).

To produce a new individual, a sperm has to 
reach an ovum and join with it (fuse with it). The 
sperm nucleus then passes into the ovum and the 
two nuclei also fuse. This is fertilisation. The cell 
formed after the fertilisation of an ovum by a sperm 
is called a zygote. A zygote will grow by cell division 

(see ‘Features of organisms’ in Chapter 1) the 
food store is laid down in a special tissue called 
endosperm, which is outside the cotyledons. In both 
cases the outer wall of the ovule becomes thicker 
and harder, and forms the seed coat or testa.

As the seeds grow, the ovary also becomes much 
larger and the petals and stamens shrivel and fall 
off (Figures 16.36(b) and 16.38). The ovary is 
now called a fruit (Figure 16.36). The biological 
definition of a fruit is a fertilised ovary. It is not 
necessarily edible – the lupin ovary forms a dry pod.

(c) one cotyledon removed

position of radicle

micropyle

hilum

testa

radicle

cotyledons

plumule radicle

cotyledon

(b) testa removed(a) external appearance

Figure 16.37 A French bean seed

Figure 16.38 Lupin flower after fertilisation. The ovary (still with the 
style and stigma attached) has grown much larger than the flower and 
the petals have shrivelled.

(a) ovum

(b) sperm

nucleus

cytoplasm
containing yolk
droplets

jelly coat

cell membrane

follicle cells

acrosome
which produces

enzymes

nucleus

mid-piece

flagellum (tail)

Figure 16.39 Human gametes
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