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Introduction

Welcome to Science for Cambridge Lower Secondary!
This Student book covers Stage ? of the Biology curriculum and

will help you to prepare for your Progression test and later, your
Cambridge IGCSE® Sciences.

Using this book

This book covers one of the main disciplines of science, Biology,
though you will find overlap between the other two subject areas,
Chemistry and Physics. Each chapter starts with Science in context!
pages. These pages put the chapter into a real-world or historical
context, and provide a thought-provoking introduction to the topics.
You do not need to learn or memorise the information and facts

on these pages; they are given for your interest only. Key points
summarise the main content of the chapter.

The chapters are divided into topics, each one on a double-page
spread. Each topic starts with a list of learning outcomes. Learning outcomes

These tell you what you should be able to do by the end of that topic.

Key terms are highlighted in bold type within the text and definitions
are given in the glossary at the end of the book. Each topic has a list
of the key terms you should understand and remember.

Key terms

Summary questions at the end of each topic allow you to assess your

# : Summary questions
comprehension before you move on to the next topic. y d

Expert tips are used throughout the book to help you avoid any
common errors and misconceptions.

IGCSE Links prompt you to think forward to what you will learn about : % IGCSE Link...
at IGCSE level, helping you to prepare for this transition and showing L

you the importance of studying Stage ? material in preparation for
Cambridge IGCSE.

Topics, text or artworks marked with a rosette icon are not part

of the core curriculum, so will not be tested as such in your
Progression or Checkpoint test. They have been included to assist
your understanding of core topics or prepare you for topics in a
subsequent stage.

Practical activities are suggested throughout the book, and will help Practical activity
you to plan investigations, record your results, draw conclusions, use
secondary sources and evaluate the data collected.

At the end of each chapter there is a double page of
examination-style questions for you to practise your examination
technique and evaluate your learning so far.

Answers to Summary questions and End of chapter questions are
supplied on a separate Teacher's CD.

Student’s website

The website included with this bock gives you additional learning
and revision resources in the form of interactive exercises, to support
you through Stage ? Biology.




1 Photosynthesis and plant growth

Science in
context!

Rice is one of the most important crops in the
world. Millions of people rely on rice to feed
themselves and their families. Plants need water
and rice grows in water, so you might expect it
to survive well if the fields were flooded. Sadly,
this is not the case. If young rice plants are under
water for more than a few days, most of them will
die. The plants that survive do not produce as
much rice as usual. This can cause starvation for
thousands of people in an area.

Rice growing

Floods on the increase

In countries such as Pakistan and India, the
number of times the land has been flooded has
increased in recent years. This has had a terrible
effect on the local people who have often not only
lost their homes but also lost their rice harvest.

When huge areas like this are under water, the rice crop is lost
before the water goes down

Flooding means famine

New types of rice

Scientists have used new breeding techniques
called genetic manipulation to produce a strain
of rice which is resistant to flooding. In two years
they have produced a plant which can stand
being submerged for up to three weeks, and still
give around 80% of the normal yield. Farmers
are already growing this rice in their fields and

it offers hope for the future. Managing plant
growth like this and in many other ways can help
to provide enough food for everybody all the
time.

These new rice plants can withstand flooding and produce a
good crop afterwards



In this chapter you will find out about the way plants make food by
photosynthesis. You will look at the ways in which plant leaves are adapted

to carry out as much photosynthesis as possible. You will also discover the
importance of mineral nutrition in plants and think about ways in which people
can manage the way plants grow.

i I
Key points

e Photosynthesis is the process by which plants use carbon dioxide and water, with energy from
sunlight, to produce glucose, plus oxygen as a waste product.

The word equation for photosynthesis is:
oL ight energ)
carbon dioxide + water ———— 2 ». glucose (sugar) + oxygen
chlorophyll
e In experiments on photosynthesis it is important to use a destarched plant which has been kept in
the dark for at least a week.

e You can demonstrate that light is needed for photosynthesis using land plants with a leaf covered
in card or water plants giving off oxygen.

e Plants capture the light energy from the Sun using the green chemical chlorophyll contained in
organelles called chloroplasts in the leaves and other green parts of the plant.

e Photosynthesis is an endothermic reaction — it takes in more energy than it gives out.

e Gases move in and out of the leaves of a plant through pores called stomata.

e The rate of photosynthesis increases as the light intensity increases as long as no other factor is
limiting.

e The rate of photosynthesis increases as the temperature increases until the point at which the
enzymes are denatured by the heat.

e Light levels, carbon dioxide levels and temperature all act as limiting factors on photosynthesis in
a plant.

e Plants need water both for photosynthesis and to maintain the structure of the cells.

e Plants need mineral salts from the soil to make certain vital chemicals such as proteins and
chlorophyll, e.g. nitrates, phosphates and potassium.

e If plants do not get the minerals they need they suffer from deficiency diseases.

e People manage the growth of plants in a number of ways including providing extra mineral salts
through fertilisers and controlling the limiting factors in greenhouses.

e First hand experience and secondary sources are important for finding out about photosynthesis
and the growth of plants.

J




Photosynthesis

Plants make glucose in a process called photosynthesis. ‘Photo’
means 'light’ and ‘synthesis’ means ‘to make’ — photosynthesis is
After this topic you should be all about making glucose using light.
able to:
. Practical activit Remember photosynthesis
e define and describe y P y
phtosynthesis . Before you read on, try and remember as much as you can
e use the word equation for about photosynthesis.
photosynthesis.

Work in a group, take a big sheet of paper and write down
everything you can remember about photosynthesis and the
ways you can find out about it. This is known as brainstorming.

Keep your piece of paper and see how much you got right as
you work through this chapter.

Almost all living organisms depend on photosynthesis in one way
or another. Plants make food using energy from the Sun and they
turn this food into new plant material. Some animals (herbivores)
eat the plants. Other animals eat the herbivores. Fungi, bacteria
and other organisms feed on the dead plants and dead animals.
Throughout nature living things, including people, rely on plants
for their food. Plants are vital for the survival of people all over the
world.

In Stage 8 you started to look at photosynthesis. In this chapter
you will be studying this important process in much more detail.

e

People need plants - directly or indirectly
photosynthesis provides us with food, clothing, building -
materials, medicines and even the oxygen we breathe Plants provide food and oxygen for everything else on the Earth

The basic process

Plants use carbon dioxide from the air, water from the soil

and energy from sunlight to photosynthesise. They carry out
photosynthesis in the green parts of the plant, mainly the leaves. This
is because they capture the energy from the Sun using the green
pigment chlorophyll. Plants use the energy from the Sun to make
new glucose molecules. Oxygen is the waste product of this reaction.
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Photosynthesis can be summed up as a word equation as follows:

o light energy
carbon dioxide + water ———» glucose (sugar) + oxygen
chlorophyll

The need for water and minerals

Plants cannot survive with just sunlight and carbon dioxide from
the air. They also need water from the soil. This water is needed
for photosynthesis (see the word equation above). As well as this,
water keeps all the cells of the plant rigid, which supports the
stems and leaves.

Plants take in water from the soil through their roots. As the roots
grow they become covered in root hairs, which increase the surface
area of the roots. This means they can take in more water.

Plants can make glucose by photosynthesis, but they also need
proteins to make their enzymes and build their cells. They need
minerals from the soil to make this possible. These minerals are
taken in through the roots.

Destarching plants

You can do lots of practical work to investigate photosynthesis.
These experiments often use the presence of starch in the leaves
of a plant as evidence that photosynthesis has taken place. To do
this you need to be sure that the plant has not got any starch left in
its leaves before you start your experiments.

To destarch a plant in preparation for an experiment into
photosynthesis you leave it completely in the dark for about a
week. The plant will use up all of the starch stores in its leaves
during that time. Any starch you can demonstrate with iodine
solution has therefore come from new photosynthesis.

1 Describe how photosynthesis is an important reaction for:
a) plants

Carbon
dioxide
in air

| Minerals

A plant needs all of these things to
photosynthesise and then make proteins
successfully

Expert tips

Destarching a plant before
carrying out the practicals on
the next few pages ensures
that we can trust the results. It
makes sure that we have a valid
investigation.

Key terms

¢ chlorophyll
e destarch

b) all living organisms.

2 People breathe in oxygen and breathe out carbon dioxide. Some people claim that talking to
houseplants makes them grow better. Can you think of a possible scientific explanation for this

idea?

3 Explain what would happen to a plant if you left it in a dark cupboard for:

a) aweek

b) several weeks.




The effect of light on photosynthesis

Light‘is important for photosynthesis. There are lots of different
ways in which you can demonstrate this fact.

After this topic you should be

able to:

e describe the effect of light ) .
on photosynthesis Demonstrating photosynthesis

e produce plans for testing the To find out about photosynthesis you need to be able to show that
effect of light on plants it has taken place. There are two main ways in which you can do

o interpret the results of this:

experiments.

Practical activity  Testing for the presence of starch using iodine solution:

Some of the glucose that is made by photosynthesis is
changed into starch to be stored. You can test for this starch
to show that photosynthesis has taken place.

boiling othanol
water
Remove the leaf to be tested and place it in boiling water
for about 2 minutes to kill the cells and break down the cell
membranes.

Then put the leaf into a test tube of ethanol which is placed
in the beaker of hot water to heat it. This removes the green

colour from the leaf. iodine

A dark blue/black colour shows the presence of starch in the leaf — which means that photosynthesis
has taken place.

Rinse the pale leaf in hot or cold water.

Spread out the leaf on a white tile.

Cover the leaf with iodine solution. Testing a leaf for starch

& Wear eye protection. Do not use naked flames - ethanol is highly flammable

Practical activity Measuring the gas given off by water plants such as Elodea
(Canadian pondweed) or Cabomba

When plants photosynthesise, oxygen gas is produced as a waste 7 — gas.

product. You cannot see this in land plants. However, in water SiHliGhE — Co':ecmg

plants the oxygen produced during photosynthesis can be seen

as streams of bubbles. You can count the individual bubbles — s l—

or collect and measure the volume of gas given off as a way of &

showing that photosynthesis is taking place. By using this method, Ji

with a clock or stopwatch for timing, you can also work out the

rate of photosynthesis. plasticine & - water
support — plant

Note that in the dark, water plants may still give off a gas but
it will be carbon dioxide from respiration, not oxygen from
photosynthesis.

Collecting gas or counting the bubbles
from photosynthesising water plants
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Investigating the effect of light on
photosynthesis

Practical activity = Showing that light is needed for photosynthesis

Plan ways in which you could test the idea that light is needed for photosynthesis using:
1 destarched land plants
2 destarched water plants such as Elodea.

Select the best possible ways of showing that light is needed. Base your ideas on what you learned in
Stage 7/8. You can also carry out some extra research.

Practical activity = Showing the effect of light on growing plants

Set up a dish of fast growing seeds such as cress or mung
beans on damp paper and place them in the dark. Set up
another dish of the same type of seeds and leave them out
in your classroom in the light. Keep both dishes damp.

After a week, compare the two sets of seeds. Put them back
in their different conditions and observe them again several
days later.

Your teacher may set up the seeds for you so you simply
observe the plants.

Plants grown in the light make lots of new

e Describe the appearance, height, etc. of both sets of plants.  material by photosynthesis

e Explain your observations. Choose some different ways to take the results.

When you make observations,
look very carefully at all the
parts of the plants: leaves,
stems and root.

s iodine solution

1 Harmesswar wants to show that a plant needs light to photosynthesise. He is given a plant and
some black card. Describe an investigation he could carry out.

2 Make a table to show the advantages and disadvantages of the two main ways we have of showing
that photosynthesis is taking place/has taken place in the school laboratory.

3 Darkness as well as light is important if you want to show that a plant has carried out
photosynthesis. Why is this?




Chlorophyll, chloroplasts and
plant cells

The green colour of the leaves and stems of plants comes from
the special green chemical chlorophyll. Without chlorophyll,
After this topic you should be photosynthesis could not take place. It is the chemical that
able to: captures the energy from sunlight that plants need to make their
e state that the green parts own food.
of plant cells are called
chloroplasts Chloroplasts and plant cells
e explain the relationship Chlorophyll isn't found everywhere in plant cells. It is contained
between chlorophyll and in structures called chloroplasts. The chloroplasts contain the
chloroplasts chlorophyll. They also have all the enzymes needed to join carbon
e observe chloroplasts in plant dioxide and water together to make glucose and oxygen.
cells. Not all plant cells contain chloroplasts. Only the parts of a plant
that are both above the ground and used for making food are
green.

Practical activity The parts of plants that are not green

Work in a group. Think of as many parts of plants as you can that are not green and write them down.

HINT: think about what the different parts of the plant are for.

cell wall - plant cells have a vacuole - a
tough wall around them, membrane-lined space
which helps the plant filled with fluid

to stay upright

nucleus
Plant cell

chloroplasts
cell membrane P

A plant cell containing chloroplasts

Looking for chloroplasts

You are going to look at two different types of plant cells under the microscope and try to identify
chloroplasts in them.

Onion cells: Take a piece of onion and remove a small piece of the very thin epidermis using forceps.
Put this on a microscope slide and add a drop of water. Use a mounted needle or a very sharp pencil
and lower a coverslip over your specimen. Take care not to trap air bubbles, which will look like

black ringed circles under the microscope. Remove any excess water and look at the cells under the
microscope.

e Draw and label what you can see.

Pondweed cells: Take a single leaf from a piece of pondweed and cut a very tiny section
(about 2mm?). Put the leaf sample onto a microscope slide and follow the procedure for putting
on the cover slip described above.




e Draw and label what you can see — can you identify the chloroplasts?

Can you count how many chloroplasts are in each cell?

Onion cells Pondweed cells

The number of chloroplasts in a plant cell depends on the position
of the cells in the leaf. The cells that are near the top surface of
the leaf get the most sunlight falling on them. They contain the
most chloroplasts so this is where most of the photosynthesis takes
place. The cells in the next layer down get less light. They have
fewer chloroplasts and less photosynthesis takes place there.

A reaction that needs energy

Photosynthesis takes a lot of energy.

L light energy
carbon dioxide + water ————» glucose (sugar) + oxygen
chlorophyll

All reactions need some energy to get them started. Chemical
reactions also produce energy. Most reactions produce more
energy than they take in. They are exothermic reactions.

Photosynthesis takes in more energy than it produces. It is an
example of an endothermic reaction.

e chloroplast
¢ endothermic reaction
¢ exothermic reaction

Summary questions

1 Plant cells have chloroplasts and animal cells don't. Why is this statement incorrect?
2 Make an illustrated flow chart to explain how to make a slide of plant cells.

3 a) Whatis an endothermic reaction?
b) What is the source of the energy needed for photosynthesis?
c) How is the energy made available to the plant?




Stomata and the movement
of gases

Learning outcomes Leaves are adapted to carry out as much photosynthesis as they can.

After this topic you should be Practical activity  Leaf adaptations

able to:

e describe the stomata on the Work in a group. Collect leaves from as many local plants as
leaves you can (including trees). Draw round them all and observe

e explain how carbon dioxide them carefully.
and oxygen leave and Discuss in groups the adaptations of leaves for photosynthesis

enter the plant through the
stomata.

as you can by looking for the common features and
remembering what you studied in Stage 7/8. Write a list of as
many leaf adaptations for photosynthesis as you can. Compare
your list with other groups.

Leaves and photosynthesis

Many of the adaptations of a leaf for photosynthesis can be seen
on the outside. But many of them can only be seen if you look
inside the leaf using a microscope. This lets you examine the
arrangement of the cells.

Waxy cuticle

Epiden’nis{

Palisade |
mesophyll

Spongy |
mesophyll

A section through a leaf. The structure of the cells in a leaf are arranged so as much
photosynthesis as possible can take place

Moving gases in and out

Photosynthesis depends on gases being able to move in and

out of the leaf. The plant cells use up carbon dioxide as they
photosynthesise so it is important that carbon dioxide can move
in from the air by diffusion. The cells make more oxygen than they
can possibly use up in respiration so the extra oxygen moves out
ofthe cells by diffusion.
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The surface of the leaf is covered with a protective layer of wax.
This stops the leaf from losing water all over its surface. It also
stops gases moving into and out of the leaf. However, carbon
dioxide can move in and oxygen moves out of a leaf through

the stomata (singular: stoma). These are special openings in the
epidermis of the leaf which let gases in and out. The stomata can
open and close to change the amount of gas moving in and out of
the plant depending on how much photosynthesis is taking place.
The air spaces in the spongy layer of the leaf mean the gases can
move into and out of the cells of the leaves easily by diffusion.
The air spaces also allow the gases to diffuse through the leaf to
all the cells. These are ways in which the leaf is well adapted for
photosynthesis.

Practical activity Investigating stomata

1 Using a microscope: Take a prepared slide of a section through a leaf. Look at it through a
microscope. See how many of the tissues in the diagram on page 10 you can see. Look carefully in
the lower epidermis for the stomata.

2 Using nail varnish: Paint a small part of the upper and lower surfaces of a leaf, e.g. Tradescantia,
Impatiens or beans, with clear nail varnish. When it is really dry, peel off the layer of nail varnish.
This layer of varnish contains an imprint of the surfaces of the leaf.

Mount the layer of varnish from the upper surface of the leaf on one slide.

Then mount the layer from the under surface of the leaf on another slide.
o Compare the numbers of stomata on the two surfaces.

e Draw a detail of what you see.

Use a well-ventilated room. Avoid breathing in fumes from nail polish. Keep nail polish
away from flames - it may be flammable.

Look at the leaves of plants from different habitats. Are the
number of stomata on the two surfaces the same or different?

¢ epidermis
e stomata (singular: stoma)

1 Make a 3-D model or a collage of a section through a plant leaf and label it with all the adaptations
for photosynthesis that you can.

2 Why is it so important that gases can get into and out of a leaf?

3 Using a variety of sources, find out what stomata look like and draw diagrams to show what they
lock like when they are open and when they are closed.




After this topic you should be
able to:

e describe how light intensity
affects photosynthesis

e describe how temperature
affects photosynthesis

e plan how to collect reliable
data

e explain your results using
your scientific knowledge
and understanding.

Plants survive and grow in
different habitats — hot, cold,
wet and dry — because they
have adaptations to the
conditions they experience.
Remember what you learnt in
Stage 7 about adaptations to
environment.

Factors affecting photosynthesis

The plants in tropical rainforests grow in hot, wet and light
conditions. They grow big and can be spectacular. The plants of
the Arctic tundra are usually small and there are hardly any trees
at all. They grow in cold conditions and for much of the year

they have very little light. Plants use photosynthesis to make new
plant material. Perhaps there is something in the conditions that
makes the rainforest plants grow so much bigger than the plants
in the Arctic. You are going to investigate some of the different
conditions that affect the rate at which photosynthesis takes place.

: R >
Why do you think the plants grow so differently in these two different areas of the
world?

Measuring the rate of photosynthesis

When you investigate the effect of different factors on
photosynthesis you need to be able to measure the rate at which
photosynthesis is taking place. Using a land plant you can show
simply whether photosynthesis has taken place or not using the
iodine test for starch on a leaf.

By using a water plant you can measure the rate of photosynthesis.
You do this either by measuring how many bubbles are given off
in a minute, or the volume of gas given off in a certain time (see
topic 1.3).

When you carry out an investigation you should collect data

that is as reliable as possible. To do this, you must check that if
you repeat the experiment using the same method, you get the
same results. This means it is repeatable. You must also plan
your method and record it clearly so other people can repeat the
investigation and get the same results as you do. This means that
your evidence is reproducible.

It is very important that any data you collect during your
investigation is valid. You need to make sure that you control as
many variables as possible so your measurements are valid. This
means that you measure what you set out to measure reasonably
accurately and that only one variable (the independent variable)
changes.

All of these factors are very important in a scientific investigation.
Remember them as you plan and carry out your investigations.



Practical activity Investigating the effect of light intensity on the rate of photosynthesis

You are going to plan an investigation into the effect of different light intensities on the rate of
photosynthesis in a water plant such as Elodea or Cabomba.

You must decide how you are going to change the light intensity for the plant. You need to do this
scientifically in a way you can measure and repeat (HINT: use a metre rule).

You need to decide how you are going to measure the rate of photosynthesis from your water plant.
You need to try out your apparatus and find out if it works.

It is important to change only the variable you are investigating — in this case that is the light intensity.
You must find ways to keep the temperature and the carbon dioxide levels constant throughout the
investigation, for example.

¢ How many observations are you going to make?

e Produce a graph using your data and explain your results using your scientific knowledge and
understanding of photosynthesis.

Practical activity [nvestigating the effect of temperature on the rate of photosynthesis

Plan how you could adapt the experiment you carried out above to investigate the effect of
temperature on the rate of photosynthesis. Remember that you must try and keep all the other
variables constant.

Produce a graph using your data and explain your results using your scientific knowledge and
understanding of photosynthesis.

Look at your results from these two investigations. How do you
think they help to explain the differences observed between plant
life in atropical rainforest and the Arctic tundra?

reliable

¢ repeatable
¢ reproducible
o valid

¢ variable

1 Why do you need to use water plants rather than land plants to investigate the rate of
photosynthesis?

2 Write clear instructions for an investigation into the effect of EITHER light intensity OR temperature
on the rate of photosynthesis.

3 What other factors do you think might affect the rate of photosynthesis? Suggest how you might
investigate these factors.




1.6

After this topic you should be
able to:

e describe how light
intensity and carbon
dioxide concentration limit
photosynthesis in nature

e describe the effect
of temperature on
photosynthesis

e explain how people
overcome limiting factors on
plant growth.

| Q IGCSE Link...

You will learn more about
limiting factors at IGCSE.
This topic is included here to
assist your understanding of
photosynthesis and prepare
you for IGCSE. It will not

be tested as such in your
Progression or Checkpoint

test.

Limiting factors in photosynthesis

You have seen how light intensity and temperature affect the rate
of photosynthesis in the laboratory. They also affect photosynthesis
in the natural world. Levels of light and the temperature are two of
the biggest factors affecting photosynthesis. As a result, they also
affect plant growth — the more photosynthesis that takes place, the
more the plants grow. Another factor that has a similar effect is the
level of carbon dioxide in the air or water surrounding the plant.
These are known as limiting factors.

Limiting factors

Plants need plenty of light, warmth and carbon dioxide if they are
going to photosynthesise and grow as fast as possible.

e Lightis needed for 4
photosynthesis to take place.
For most plants, the brighter
the light, the faster the rate
of photosynthesis. Eventually
another factor limits the rate.
This is often the level of carbon
dioxide available to the plant.

Rate of photosynthesis

Light intensity

e Temperature affects all
chemical reactions, including
photosynthesis. As the
temperature rises, the rate of
photosynthesis increases. If
the temperature gets too high
it will denature the enzymes
and photosynthesis will stop
completely.

Rate of photosynthesis

10 20 30 40 50
Temperature/°C

]

e Carbon dioxide is needed
to make glucose. The air only
contains 0.04% carbon dioxide.
On a sunny day the level of
carbon dioxide available is
often the main limiting factor
for plants.

Rate of photosynthesis

005 010 0.15 020 0.25
Carbon dioxide

concentration (%)

o
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Increasing the rate of photosynthesis

We can use what we know about photosynthesis to help grow
bigger and better crops. We can also use our knowledge to help i P

us grow plants in countries where they would not usually survive. The three main limiting factors
Some countries have ideal conditions for plants all year round, with for photosynthesis are: light
lots of sunshine and warm temperatures. Even in these countries, intensity, temperature and
carbon dioxide can be a limiting factor. carbon dioxide concentration.

Always use these terms.
(Do not write light, heat and
carbon dioxide’, for example.)

In many countries, or parts of countries, growing conditions are not
so good. It may be very cold for part of the year (winter). The light
levels may be too low or the days too short for plants to grow fast
for part of the year.

Farmers and commercial plant growers build big greenhouses and
grow their crops inside. A greenhouse is a building made of glass
or plastic. Inside the greenhouse you can control the conditions so
the plants grow as fast as possible.

There are no limiting factors for these tomatoes in the greenhouse

¢ limiting factor

1 Make a big poster to explain the idea of limiting factors in plant growth.

2 Sketch a graph to show what you would expect to happen if the plant in the graph showing the
effect of light intensity on the rate of photosynthesis was:
a) given more carbon dioxide
b) given less carbon dioxide.

3 Explain why the shape of the graph for the effect of temperature on photosynthesis is so different
from the graphs showing the effect of light intensity and carbon dioxide levels.




57 Plants and water

Plants need water. If you forget to water your houseplants they wilt.
If you continue to forget to water them they will die. If a country
After this topic you should be does not get rain for months, the crops will die in the fields and
able to: animals and people will be hungry.
e explain the importance of X .
e decide when to use Plants need water for photosynthesis — without it they cannot make
secondary sources to glucose.

provide evidence.

Plants also need water to keep their cells firm so they can support
the stems and leaves.

. P o T e ¥
The effect of a lack of water on plant cells — they become soft and cannot help
support the plant tissues

If you keep a whole plant or a single leaf in the dark, you can
show that photosynthesis does not take place without light. If

you deprive a plant of carbon dioxide you can demonstrate that
photosynthesis doesn't take place. But if you don't give a plant
water it will die! This means you cannot show that water is needed
for photosynthesis in the school laboratory.

Scientists need to use radioactive water to show that water is
needed for photosynthesis. They track the radioactivity and find it
in the glucose in the leaves. You can find out how scientists do this
by using secondary sources such as books and the internet.

Too little water

In many countries around the world there is very little rainfall.
Wherever water is scarce, it is hard for plants to grow. Some plants
have adaptations that allow them to survive where there is little
water.

e They may have very deep, or very wide spreading roots so they
can take up any water that is there in the soil.

e They may have very thick protective outer layers to prevent
water loss.

e They may store water in their tissues when it rains, and then use
it during the dry seasons.
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Sometimes people supply the water that plants need by irrigation.
This means that they can grow crops in dry areas. The water may
be carried in ditches or by pipes and pumps. Irrigation is vital to
farming in many parts of the world.

L e TR e T

Dubai has some spectacular examples of how irrigation can enable plants to grow in a desert

Too much water

Although plants need water, they can have too much. Plant roots
get water from the soil, but they also need air for the cells to
respire. If the ground is flooded and becomes waterlogged, there
is no air in the soil. The roots die and rot, and so the whole plant
will die as well. After flooding, farmers can lose all of their crops.
This has a big effect financially and it can also lead to a great lack

of food.

Some plants are specially adapted to live in waterlogged % IGCSE Link
conditions. For example the roots of mangrove trees are always in
waterlogged soil. However, the trees have special aerial roots in
the air as well, so they can get the oxygen they need to respire.

You will learn more about
how and why plants rely so
much on water in IGCSE
Biology.

e irrigation

1 a) You cannot show that plants need water for photosynthesis in the school laboratory.
Explain why.
b) Using other resources such as books and the internet, find out how scientists show that water is
needed for photosynthesis.

2 Draw a table with two columns — “Too much water’ and “Too little water'. Show the main problems
for plants and how these problems can be overcome.

3 Using a variety of sources, make a timeline of how irrigation has been used over the years to make
plants grow in dry conditions.




(::1 ' Mineral nutrition in plants

After this topic you should be

able to:

e explain the importance of
mineral salts to plant growth

e describe how to
demonstrate the importance
of mineral salts to plants
experimentally.

The minerals that plants need are in solution in the soil water. They
take them up by their roots. Plants use energy to move the mineral
salts from solution in the soil water into the root cells. The minerals
are transported in the xylem to cells all over the plant. You are
going to find out why these mineral salts are so important to the
plants and how they affect their growth.

The essential minerals

Plants make glucose by photosynthesis. This glucose is turned
into starch. But plant cells need lots of other chemicals to
survive. In particular they need proteins for enzymes and many
other important functions in the cells. Protein molecules do not
contain only carbon, hydrogen and oxygen like glucose (CH1,0y).
Chlorophyll contains lots of different elements too including
magnesium. So plants must have elements such as nitrogen,
phosphorus and potassium to make the chemicals they need.
These are usually taken into the plant in the form of salts such as
potassium nitrate and potassium dihydrogen phosphate but they
are absorbed as soluble ions.

Deficiency disease in plants

If people do not get the minerals they need in their diet they
suffer deficiency diseases such as anaemia. If plants do not get
the minerals they need from the soll, they also suffer from mineral
deficiency diseases. These cause problems in the growth of the
plants and the symptoms can be seen in many different ways:

Mineral ion | Use in plant Deficiency symptoms

nitrate making amino acids, | the growth of the plant is stunted
proteins, chlorophyll | the older leaves turn yellow
and many other

compounds normal leaf.

phosphate | making many there is poor root growth and the
compounds younger leaves turn purple
including the
DNA and the cell normal leaf

membranes




Mineral ion | Use in plant Deficiency symptoms
potassium needed for the leaves turn yellow with dead
the enzymes in spots

respiration and
photosynthesis to

normal leaf
o =

e nitrate
¢ phosphate

If plants are deficient in these mineral salts, they will not grow very e potassium
well. Eventually they will die.

Practical activity  Investigating the mineral needs of plants

Duckweed is a small plant that grows on the surface of water.
It grows very fast so it is ideal for carrying out experiments into
plant growth.

Set up five shallow dishes:

Dish A contains water with the recommended concentration
of a liquid plant ‘food’, which gives a plant all the mineral
ions it needs for growth.

Dish B contains water with half of the recommended
concentration of the liquid plant food.

Duckweed grows very fast in its natural

; S environment, which makes it a useful plant to
concentration of liquid plant food. cbmvein e

Dish C contains water 25% of the recommended

Dish D contains water with only 10% of the recommended
concentration of plant food.

Dish E contains pure distilled water with no mineral salts at all.

Add a few duckweed plants to each dish and then add a drop of oil to each dish. This will stop the
water evaporating away during the investigation.

Leave the dishes on the side of the classroom for some time and make regular observations of how
the plants are growing and spreading.

o After several weeks display your observations and draw your conclusions.

1 a) Where do plants get the mineral salts they need?
b) Plants can photosynthesise and make their own food. Why do they need mineral salts?
2 Make a poster to summarise the requirements for plant growth, using arrows to show the intake of

substances and the materials produced by the plant. Show the transport routes in the plant through
the xylem and phloem as well.




(/' Managing plant growth

For many centuries people have tried to make their food crops

grow as well as possible. This often involved giving them extra

After this topic you should be water and mineral salts. Now in the 21st century, we have more
able to: ways than ever of managing the growth of our plants.

e describe how people can re
use their knowledge of Fertilisers
photosynthesis and plant
nutrition to manage the way
plants grow.

As plants grow they take minerals out of the soil. In the natural
world when plants die they decay and the minerals are returned to
the soil for the next generation of plants to use. When we harvest
crops to eat, this does not happen.

Farmers can replace the minerals taken from the soil
by using fertilisers. These are substances rich in the
minerals that plants need.

We can use natural fertilisers such as animal manure
or chemical fertilisers. The chemical fertilisers cost
more money but contain measured amounts of
minerals. Using fertilisers helps to make sure that
crop plants grow as well as possible.

Computer-controlled greenhouses

Another way in which we can manage plant growth

is to control the limiting factors. This ensures that
photosynthesis can take place as fast as possible

for as long as possible. To do this we have to

tightly control the conditions in which our plants

are growing. In some countries farmers do this by
growing crops in huge greenhouses. Inside these, all
the conditions are carefully controlled by sensors and
computer systems. In the greenhouses:

Manure returns mineral salts to the soil so the next crop
grows well

e carbon dioxide levels are increased during the day
so as light levels increase, the carbon dioxide level
goes up

e the ideal temperature is maintained all the time

e artificial lighting is used so plants can
photosynthesise for longer or to increase the light
intensity.

It costs a lot of money to run big greenhouses like

this. However, the plants grow as well as possible so
the farmer makes a lot more money from the crops.

In some regions all the farming takes place in controlled
conditions




Plants without soil

People have used fertilisers for thousands of years. This is very Expert tips

important around the world for the farmers who want their crops to

do well and all the billions of people who rely on plants for food. Some plants can grow with
their roots in water so long

as they get plenty of oxygen.
Others need to be grown

in something solid, such as
blocks of rockwool (made from
ground-up rock).

What scientists have realised in recent years is that although plants
need mineral salts, they do not need soill So now some farmers
grow plants such as salad vegetables in big computer-controlled
greenhouses with no soil at all. They just give the plants plenty of
water containing all of the mineral salts vital for growth. This allows
the plants to grow very fast and they are also very clean because
there is no soil on their roots. This method of growing plants is
called hydroponics.

-

Qy /GCSE Link...

You will learn more about
how farmers and growers
produce food in IGCSE
Biology. You will also learn
about novel foods, such as
mycoprotein (protein made
from a fungus).

Hydroponic farming is very different from traditional working in the fields

o fertiliser
¢ hydroponics

1 a) In each of the following situations, one factor in particular is most likely to be limiting
photosynthesis. In each case suggest which factor it is and explain why the rate of
photosynthesis is limited:

i) awheat field in a temperate country early in the morning
ii) the same field in the middle of the day
iii) plants growing in the lower regions of a rainforest.
b) Explain how growing plants in a greenhouse can avoid the problems of limiting factors.

2 Explain the advantages and disadvantages of using first hand and second hand evidence to find
out about the ideal conditions needed for the growth of plants.

3 Explain why farmers test soils to find out how much of the different minerals they contain.
Describe what they can do to overcome any difficulties they may find.




o, 1.1 gv End of chapter questions

Explain the difference between the following
pairs of terms:

e photosynthesis and respiration
e chlorophyll and chloroplast

e palisade mesophyll and spongy
mesophyll. 6]

The diagram shows a plant cell.

X
- @ — D
e

(3
@
D-
0
o

cell A

a Copy the table. Complete the table by
identifying the structures in the plant cell
and giving their functions. Some of the
functions have been entered for you.

Structure | Letter from | Function
the diagram

cell B controls

membrane movement of
substances into
and out of the
cell

cell wall

chloroplast

cytoplasm respiration

nucleus

vacuole storage of water
and minerals

[8]

b The actual length of the cell from X to Yis
0.1 mm. Calculate the magnification of the
cell shown in the diagram. 2]

3 Luis and Sonya were studying the effect of

light on plant growth. They germinated some
seeds of white mustard in the light and in the
dark. They took a photograph of the seeds:

a Describe the differences that you can see
between the two groups of seedlings. [3]

b Explain the differences that you have

described. [3]
¢ Describe three ways in which leaves are
adapted for photosynthesis. [3]

a Plants require carbon dioxide and water
for photosynthesis.

i Describe briefly how plants obtain
the these two substances from their
environment. [4]

ii  Write the word equation for
photosynthesis. (6]

b Explain why photosynthesis is an
endothermic process. [1]

Sarah and Nabihah put some Cabomba into
a beaker of warm water. They added some
sodium hydrogencarbonate to the water and
then turned on a desk lamp and directed it
at the plant. They placed a funnel over the
plant with a test tube filled with water on
top. After a while, some gas had collected in
the test tube displacing some water. Sarah
measured the volume of gas that they had
collected. Nabihah suggested that they

use the apparatus to see what happens
when light intensity is changed. When they
placed the apparatus in the dark no gas was
collected.



The table shows their results. The drawings show what the plants looked
Light intensity/ | Volume of gas collected/cm? ki ttar spuiral il gt
arbitrary units per 5 minutes a Compare each of the plants in tubes B, C
1 2 3 aih and D with the plant in tube A and write
z 3 3 2 23 a description of the effects of deficiencies
2 of the three elements (N, K and P) on the
10 6 8 / /0 growth of the barley plants. {5]
15 3 ? 11 10.0 b Explain why it was important to include
20 12 13 12 tube A in the investigation. [2]
25 15 12 11 12.7 ¢ Farmers often test their soils to see how
much N, P and K they contain. Explain why
¢ Calculate the mean gas collected for the it is important that they do this. 3]

light intensity of 20 arbitrary units. [1]

d The students crossed out one of their
results and did not use it. Suggest why
they did this. [1]

e Plot a graph of the results. (6]
Describe the results shown in the graph. (3]

g Explain the effect of light intensity on the
volume of gas collected. [3]

5 Barley is an important cereal crop. The
effects of deficiencies of the mineral
elements nitrogen (N), potassium (K) and
phosphorus (P) were investigated by growing
barley plants with their roots in mineral
solutions in tubes A to D as shown in the
drawing.

ey Y

w W W 4w

A B C D
complete minus N minus K minus P
medium

Tube A contained a solution of all the mineral
elements that plants require (complete
medium); tube B contained all the mineral
elements except N; tube C contained all
except K; tube D contained all except P.




2 Sexual reproduction in flowering plants

“{«l-];l<-0 1:/ Plants around the world
context!

All around the world there is an amazing variety of plant life. Flowering plants
provide us with beautiful flowers, food, fabrics, building materials, drinks,
medicines and much more. The flowers are the way the plants reproduce. Fruits
full of seeds are the result. Lots of these fruits and seeds are good tc eat - but
for the plant, they are vital to make more plants.

These mangoes each contain one very large seed

Seeds as stores

Each seed contains a tiny new plant. It also holds a store of food used by the
little plant until it has grown enough to photosynthesise and make its own food.
Seeds can last for many years in the right conditions.

Each seed contains everything needed for a new plant to grow

Seeds, gene banks and the future

As the human population grows and conditions around the world change, more
and more types of plants are dying out. Scientists are trying very hard to save as
many types of plants as they can, because we need them to help us breed the
best possible crops, and to find new foods and medicines.




The best way to save plants for the future is to
have seed banks, also known as gene banks. The
seeds are partly dried out and then stored at
around —20 °C. Most of them will last for around
200 years in these conditions. Everyone hopes
that by then many of our environmental problems
will have been solved. There are massive seed
banks in several countries including one of the
biggest in India.

In this chapter you will find out about sexual
reproduction in flowering plants. You will discover
the different types of flowers and the way they
are pollinated. You will find out about how fruits Saving seeds in a gene bank hopefully means the plants will
and seeds form and the part played by the wind be there for our children and grandchildren to see

and by animals in dispersing the seeds.

i I
Key points

e Most flowering plants have the same structures — roots, stems, leaves and flowers.
e Flowers contain the sexual organs of the plant needed for sexual reproduction.

e The life cycle of a flowering plant always includes: germination, growth, flowering, pollination,
fertilisation, seed formation and seed dispersal.

e A flower usually contains the following structures: sepals, petals, stamens made up of anthers and
filaments, carpels made up of stigma, style and ovary.

e The male gametes are contained in the pollen grains made by the anthers. The female gametes
are contained by the ovules found in the ovary.

e Pollination is the transfer of pollen from the anther to the stigma. Some plants are pollinated by
insects and some are pollinated by the wind.

e Insect pollinated flowers are usually big, brightly coloured, scented, with nectar and small
amounts of large spiky pollen grains.

e Wind pollinated flowers are usually small, green, with the anthers and stigma hanging outside the
petals and large amounts of tiny, light pollen grains.

e Self-pollination is when pollen from a flower lands on the stigma of the same flower or onto the
stigma of another flower on the same plant.

e Cross-pollination is when pollen from one plant reaches the stigma of a flower on a completely
different plant.

e A pollen tube grows out of the pollen grain and grows down the style into the ovary. The pollen
nucleus travels down the tube into an ovule and fuses with an ovule nucleus.

e The fertilised ovule grows into a seed. This contains an embryo plant and a food store for the new
plant.

e Seeds need to be dispersed as far as possible from their parent plant to avoid competition for
light, water and minerals with the adult plant or the many other seeds.

e Fruit can be dispersed by animals, wind, water and by self-dispersal.

_/




Learning outcomes

After this topic you should be

able to:

e identify the main parts of
a variety of local flowering
plants :

e describe the functions of
the main parts of a flowering
plant.

The main structures of a flowering plant

Flowering plants

Flowering plants provide us with food, clothing, building materials,
fuels, drinks, medicines and more. The basic structure of all
flowering plants is the same but there are many different variations
around the world.

A flowering plant

The structure of flowering plants

Most flowering plants have roots, a stem, leaves and flowers. Each
of the structures of the plant carries out particular functions:

The roots: The roots anchor the plant in the soil so it does not
blow away. They take water and minerals from the soil and supply
them to the rest of the plant through the xylem.

The stems: The stems support the leaves, flowers and fruit of

the plant. They contain the transport tissues xylem and phloem.
The xylem carries water and mineral ions up from the roots to the
leaves, buds, flowers and fruits. The phloem carries dissolved food
from the leaves where it is formed to the rest of the plant.

The leaves: The leaves are adapted to make food for the plant
through photosynthesis. They have the green pigment chlorophyll
which captures energy from the Sun. Chlorophyll is contained

in chloroplasts which have all the enzymes needed to combine
carbon dioxide and water to make glucose and oxygen. The leaves
also carry out gas exchange and water evaporates from the surface
through the stomata.

The flowers: The flowers contain the sexual organs of the plant.
They usually appear only at certain times of the year. They may
be adapted in different ways to make sure that pollination and
fertilisation take place.



Variations on a theme

Although most plants have the same basic structure, there are many
different variations around the world. For example Rafflesia is a
group of flowering plants found in Malaysia, Borneo and Indonesia.
This lives as a parasite on vines. It does not have any true roots,
stems or leaves. The only thing you can see is the flower — and that
is enormous, one of the biggest flowers in the world.

Many trees are flowering plants and they have a rather different
structure with a large, woody trunk holding up the branches,
stems, leaves and flowers. For example Delonix (or Poinciana) regia
is a tree commonly seen in countries such as India and Sri Lanka. It
has very bright red flowers and very finely divided leaves.

-

Delonix (or Poinciana) regia is such a striking plant it has many names. It is known
as the Flamboyant tree, Royal Peacock flower, Royal Gold Mohur or the Fire tree. In
Tamil it is Mayaram, in Bengali it is Krishnachura and in Marathi it is Gulmohr.

In contrast the smallest flowering plant is Wolffia. It is aquatic and
has a single tiny leaf and no roots or stems. Very occasionally it
produces tiny flowers direct from the leaf. The leaf is less than
1mm across!

Practical activity Investigating local plants

Go out into your local environment and find as many different
plants as you can.

¢ |dentify the plants, measure them and sketch them to show
the main structural features that they have.

1 Draw an annotated diagram of a typical flowering plant.

Rafflesia amoldii — a very unusual flower,
which can be up to 1 metre across

Wolffia: the smallest flowering plant in the
world (showing a wasp for scale. Each plant
is just two tiny leaves.

o fertilisation
e parasite
¢ pollination

2 Make a leaflet identifying five local plants and identifying their main features so people can go out

and try to find them all.

3 Using secondary sources (including this text book), make a poster showing some of the different

forms of flowering plants from around the world.




The life cycle of flowering plants

Without reproduction all the different types of organisms on
the Earth would die out. So reproduction is very important for
After this topic you should be flowering plants. The basic life cycle is the same for all flowering
able to: plants but there are several different variations on how it works.

e describe the life cycle of a . .
typical flowering plant The main stages of the life cycle

o explain the terms pollination,

fertilisation, seed formation
and dispersal. The seed
germinates

m‘ The fruit grows

The fruit releases seeds, which &) releases seeds

are then dispersed far and

wide. The flower releases

pollen grains that may also

be dispersed. The movement The flower

of pollen occurs before the produces fruit The plant
dispersal of seeds. Do not / flowers
confuse these two stages in the
life cycle.

) —

General life cycle of a plant

The life cycle of a plant starts with a seed.

e When conditions are right germination will start. This is the
process when the tiny new plant inside the seed starts to grow.
The root bursts through the coat of the seed and starts to grow
down into the soil. The tiny shoot pushes up from the seed and
grows into the light. The first leaves open and the new plant
starts to photosynthesise.

e The plant continues to grow and develop. This stage can take
anything from days to hundreds of years, as you will see.

e Once the plant is mature it will produce flowers. These contain
the male gametes (sex cells) in the pollen grains and the female
gametes in the ovules (see page 37).

e |t is very important that the pollen is transferred from one
flower to another. This is pollination. Once a flower has been
pollinated, the male and female gametes must meet. This is
fertilisation.

e When fertilisation has taken place, a seed forms. The plant uses

food it has made during photosynthesis to build up a food store
in the seed and to feed the growing embryo plant.

e The female reproductive parts of the flower also form a fruit
around the seed or seeds. This is important for the dispersal of
the seeds. At this stage, the seeds are spread as far as possible
from the parent plant. Once the seeds germinate, the life cycle
starts again.
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The life cycle of annual and biennial plants

Annual plants complete their lifecycle within a year. Some of them
can germinate, grow, flower and set seeds within three weeks! For
example, Brassica campestris is widely used in schools because

it completes its life cycle so quickly. Once an annual plant has
produced seeds which have been dispersed, the adult plant dies.

A biennial plant has a life cycle which is very similar to that of an
annual plant - it just takes longer. The seed germinates and the
plant starts to grow. However it does not flower in its first year of
life, it just gets bigger and stronger. In the second year it will flower
and set seeds, and then the parent plant will die.

The life cycle of perennial plants

Not all plants germinate and complete their life cycle in a couple

of years. Some plants live for years and years before they produce
flowers for the first time. They begin to reproduce and do not

die once they have flowered and produced fruits and seed. They
continue to flower and set seeds throughout their life which may

last hundreds or even thousands of years. They grow and get bigger
all the time and can produce thousands if not millions of fruits and
seeds during their lifetimes. These perennial plants include all the
bushes and trees that you will see in your local environment.

A sacred fig tree called the Jaya Sri Maha Bodhi in Sri Lanka is known to have been
planted in 288 BCE, so it is over 2300 years old

These annual plants produce many brightly
coloured flowers but they do not last long

dispersal
fertilisation
germination
pollination

1 Using secondary sources such as books and the internet, write a magazine article on the oldest
flowering plants in the world (HINT: they are all trees). Explain their life cycles and see if you can

work out how many times they have reproduced.

2 Draw a diagram of the life cycle of:

a) an annual plant b) abiennial plant c) a perennial plant.




After this topic you should be
able to:

e draw and label a diagram
showing the reproductive
parts of a typical flowering
plant '

o discuss the differences in
the structures of locally
occurring plants.

o anther
carpel
filament
ovary
ovules
petal
pollen grains
sepal
stamen
stigma
style

The structure of flowers

Flowers are part of our lives. Around the world people use them

in different ways. They can be given as presents to say 'hello’ or

‘thank you'. They can be given to celebrate a birth or a wedding,
or used to show respect to the dead.

But flowers are not just attractive to look at. They play a vital part in
the reproduction of plants.

The structure of a flower

Flowers can be very different, but most of them have some
features in common. Flowers contain the male and female sex
organs of the plant and produce the male and female sex cells (the
gametes). The male gametes in a plant are in the pollen grains.
The female gametes are in the ovules.

stigma

filament

ovules

A typical flower

The different parts of the flower each have different functions:
e The sepals protect the flower when it is a bud.

e The petals protect the sex organs of the plants. They may also
be used to attract insects or other animals to the plant to bring
about pollination.

e The stamen is the male part of the flower. It is made up of the
anther and the filament. The anther makes the pollen grains
which contain the male gametes. The filament is the stalk that
holds up the anthers that may be covered in pollen.

e The carpel is the female part of the flower. It contains the ovules
which are made in the ovary. The stigma is the place where
the pollen grains land. The style is the stalk that connects the
stigma and the ovary so the pollen can reach the ovules.
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Practical activity Looking at flowers
Your teacher will give you a flower to look at. It should have most of the structures in the figure
opposite, but all flowers are different so you may not see them all.

1 Look carefully at your flower from the outside.

e Draw and label what you can see. Measure the length and width of the flower and show this on
your drawing.

2 Remove the sepals if there are any, count them and draw one.

3 Carefully remove the petals one at a time.

o Countthe petals and draw one of them.

4 Remove the stamens and count them. Examine them closely — use a magnifying lens if possible.
You may see pollen grains on the anther. Measure the length of the filament and the anther.

o Draw and label a stamen.

5 Examine the carpel.

e Measure the style and then draw the carpel.

6 Using a sharp knife, scissors or even a fingernail, cut through the ovary so you can see the ovules
inside. Use the magnifying lens to look at them closely. Count the number of ovules if you can.

Different flowers

There will be many different flowers growing around your school
and home, in gardens, in the countryside or in a park. Here are
just some of the different types of flowers which can be found in
the world. Have a look at them and see how many of the typical
features of a flower you can see. Look at your own local flowers as
well.

Flowers come in many different shapes and sizes

1 Name the male and female parts of a flower.

2 Collect three different flowers or use the ones in the photographs above. How many of the typical
features of a flower can you see? Draw a table to compare your flowers with the typical flower in the
diagram opposite.




After this topic you should be
able to:

e explain what is meant by
pollination

e describe different ways that
pollen can travel from one
flower to another

e describe the typical features
of an insect pollinated
flower.

Insect pollinated flowers need to attract
pollinators such as this bee

Hibiscus flower

Not only are these flowers well
adapted to being pollinated,
bees are very well adapted

to finding and feeding from
flowers. What adaptations do
you think they have?

Insect pollination

For sexual reproduction to take place, the male sex cell and the
female sex cell have to meet and join. Flowers cannot move
around to find a partner and they cannot mate. They have to rely
on other ways of moving the male gametes around.

What is pollination?

Pollination is the transfer of pollen from the anthers to the stigma.

This may be the pollen from one flower being transferred:

e to the stigma of another flower on a different plant, or on the
same plant

e from the anther to the stigma in the same flower.

There are two main ways in which pollen is moved from one flower
to another.

e Ininsect pollination, insects carry pollen from one flower to the
next.

e Inwind pollination, the pollen is blown by the wind from flower
to flower.

Insect pollinated flowers

These flowers rely on insects to transfer the pollen from the anther
of one flower to the stigma of another. They need to attract insects
to visit the flowe