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    TOPIC 13
Growing and multiplying 

  13.1  Overview 
 Numerous  videos  and  interactivities  are embedded just where you need them, at the point of learning, in 
your learnON title at  www.jacplus.com.au . They will help you to learn the content and concepts covered 
in this topic. 

 13.1.1 Why learn this? 
  In the time that it takes you to read this paragraph, hundreds of babies will have been born around the 
world. How many animals will have been born, how many plants will have germinated and how many new 
cells will have been produced? In this chapter you will learn about different ways that living organisms 
reproduce, from bacteria and other unicellular organisms to larger more complex living things. You will 
also learn about fl owering plants and their life cycle, and you will investigate some of the factors that affect 
the growth of plants.       

  Bees visit fl owers to collect nectar. As they do this, they also transfer pollen from one fl ower to another. This 
process, called pollination, is an essential step in the life cycle of fl owering plants. 
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1. The diagram below represents the life cycle of a fl y.

(a) Why is this called a cycle?
(b) The diagram above shows only some of the 

steps in the life cycle. Mating is not shown. 
Where would it fi t in this diagram?

(c) The larva and pupa look similar. Using only the 
information in the diagram, outline some of the 
differences between a larva and a pupa.

(d) Butterfl ies have a similar life cycle to fl ies. Match 
the following stages of the butterfl y life cycle 
with stages of the fl y life cycle.
(i) Caterpillar
(ii) Cocoon
(iii) Butterfl y

(e) Using the life cycle above, distinguish between 
growth and development.

2. The diagrams below show some of the stages of 
the life cycle of a fl owering plant and a description 
of the stages.

(a) Use a dictionary to fi nd out the meanings of the 
terms ‘germination’ and ‘pollination’.

(b) Match each stage with its description.
(c) Organise the stages in the correct order.
(d) Does it matter which step is fi rst? Explain your 

answer.
(e) The diagrams above show only some of the 

stages of the life cycle of fl owering plants. 
Where would the pollination fi t?

(f) You can grow fl owering plants from seeds. What 
are some other ways that you can produce new 
plants from existing plants?

(g) A fully grown plant is made up of many more 
cells than a seedling. Suggest where the 
additional cells come from.

(h) Apart from growth, what are some other reasons 
why plants may need to produce new cells?

3. Construct a diagram to represent the life cycle of a 
frog. Use the internet to locate suitable pictures to 
illustrate your diagram.

Diagram Description

 

A  If the fl ower has been 
pollinated, it will 
develop into a fruit. The 
fruit contains seeds.

 

B The plant is fully grown.

 

C The seedling grows.

 

D  Under the right 
conditions, the seeds 
may germinate.

E  The plant produces 
fl owers.

(a)

(b)

(c)

(d)

(e)

Life cycle of a fl y

Adult
• Length: 6–7 mm
• Wingspan: 13–15 mm

Eggs
• Length: 1 mm
• 600–900 produced
 by each female

Larva
• Length: 10–11 mm when fully grown

Pupa
• Length: 5–6 mm
• Barrel-shaped, with  
  protective outer coating

Adult
• Length: 6–7 mm
• Wingspan: 13–15 mm

Thinking about growing and multiplying
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  13.2  Multiplying by dividing 
 As you sit reading this page, new cells are being produced in various locations in your body. These cells will be 
used for growth and repair or may replace other cells that have died. Cell division is also important in 
reproduction. 

 13.2.1 Why do cells 
need to replicate? 
 You started out as just one cell: 
a fertilised egg or zygote. Look 
at you now! That one cell has 
divided many times to produce 
all the cells that make up your 
body. Cells need to be small 
so that substances can move 
in and out of them effi ciently, 
so large organisms grow by 
making more cells. When a fer-
tilised egg begins to divide, all 
the cells initially have a sim-
ilar appearance and work in 
the same way. They are  unspe-
cialised . After a number of cell 
divisions, the cells begin to   differentiate . Some of the cells 
change and become specialised for  particular jobs. 

 Cell division is also needed to replace cells. Each time you 
dry your skin with a towel, you shed skin cells. To replace these 
you need to make more skin cells. Similarly, the cells lining your 
gut need to be replaced frequently. Red blood cells have a life 
span of approximately 4 months, although they do not divide to 
make new red blood cells. New red blood cells are made from 
cells in the bone marrow. Other cells, including nerve cells have 
a longer life span, although most nerve cells cannot replicate. 

 13.2.2 Unicellular organisms multiply by 
dividing 
 Many bacteria and other unicellular organisms reproduce by 
binary fi ssion. They grow until they reach a certain size, and 
then the cell divides into two. The genetic material in the 
cell replicates fi rst, and then the cytoplasm divides. In some 
instances, the parent cell splits into more than one cell. This is 
called multiple fi ssion.   

 13.2.3 Mitosis 
  Mitosis  is the type of cell division that produces the cells needed for growth and repair in multicellular 
organisms. It is also the type of cell division involved in asexual reproduction in plants and some animals. 
In these organisms, the genetic material is contained in the nucleus of the cell in the form of chromosomes. 
Mitosis produces two cells with the same number and type of chromosomes as the parent cell. In fl owering 

   Streptococcus pyogenes  bacteria, 
carried harmlessly by many people in 
their nose or throat. The bacterium at 
lower centre is dividing into two cells by 
binary fi ssion. 

One amoeba.
Amoebas are unicelluar

organisms.

Two amoebas Cytoplasm divides.

Nucleus divides.Nucleus divides.

Cytoplasm divides.Cytoplasm divides.

One amoeba.
Amoebas are unicelluar

Two amoebas

Amoebas are unicelluarAmoebas are unicelluar
organisms.organisms.

Two amoebasTwo amoebas

  Unicellular organisms reproduce simply by dividing into two cells. This is 
called binary fi ssion. 

UNCORRECTED P
AGE P

ROOFS



TOPIC 13 Growing and multiplying 499

c13GrowingAndMultiplying Page 499 11/07/17  3:07 AM

plants, mitosis occurs only in certain parts of the plant, including the tips of the roots and shoots. If you 
look at a section of a root tip under the microscope, you may be able to see cells at various stages of 
mitosis. The cells of a human embryo go through mitosis many times to produce all the cells of an adult 
human.     

 The diagram below shows the process of mitosis. To simplify the diagram, only two pairs of chromo-
somes are shown, but human cells actually have 23 pairs of chromosomes. 

 After mitosis has occurred the cell membrane pinches in so that the cell divides into two. This process is 
known as cytokinesis. 

 13.2.4 Asexual reproduction 
 Mitosis is also involved in asexual reproduction. In this type of reproduction, a single parent produces one 
or more genetically identical offspring. Some examples of asexual reproduction from the animal kingdom 
include budding, and fragmentation and regeneration.  

 Budding 
 Budding occurs in animals such as jellyfi sh. It involves the 
offspring initially forming as a growth on the parent. When 
the ‘bud’ is capable of catching its own food, it breaks away 
and becomes an independent animal. Imagine looking down 
one day and seeing a miniature baby growing off your arm! 

 The reproduction process for jellyfi sh actually starts sex-
ually. Jellyfi sh are nearly always either male or female. The 
sperm  and eggs produced by a group of jellyfi sh form tiny, 
‘hairy’ larvae, which settle down on a fi rm surface. There, 

   Tiny new jellyfi sh (medusae) that have formed by budding 

Parent cell

Chromosomes
have replicated.

2 Chromatids =
1 Chromosome

ChromatidChromosome

Chromosomes
align at the
equatorial
plate.

Chromatids
separate.

Two daughter
cells

Each daughter cell contains the
same number of chromosomes

as the parent cell.

Mitosis
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each larva changes into a tiny, tentacle-fringed cup shape, called a scyphistoma. It is the scyphistoma that 
buds, producing tiny new jellyfi sh called medusae. 

 Fragmentation and regeneration 
 Fragmentation is commonly seen in the fl atworm. The adult, or parent, worm breaks up into several pieces, 
each of which develops into an adult worm over time. Each offspring is identical to the parent worm. This 
process is similar to regeneration in starfi sh. If a starfi sh loses a limb, new limbs will regenerate slowly. In 
some species of starfi sh — such as the Linckia starfi sh commonly found around Hawaii — severed arms 
can regenerate into completely new animals.       

 There are many examples of asexual reproduction in plants. Many plants can reproduce both sexually 
(two parents) and asexually (one parent). Reproducing from seeds is a type of sexual reproduction but pro-
ducing new plants from cuttings and bulbs or by sending out runners are all types of asexual reproduction.            

INVESTIGATION 13.1

Mitosis under the microscope
AIM: To observe cells in various stages of 
mitosis

You will need:
prepared slides of onion root tips (or other 

prepared slides showing plant or animal cells in 
various stages of mitosis)

microscope
digital eyepiece (optional)

• Place the microscope slide on the stage of the 
microscope.

• Focus the microscope carefully to avoid 
breaking the slide (revise the instructions on 
page XX if necessary).

• In many of the cells the chromosomes are not 
distinguishable. Between divisions, the DNA 
exists as long strands and does not have a 
specifi c shape. Early in mitosis, the DNA coils 
up into distinct chromosomes. On the slide you 
are observing, fi nd cells where the DNA:
 – is not in the form of chromosomes 
 – has coiled up into distinct chromosomes. 

Prophase: the DNA 
has coiled up and the 
chromosomes are 
visible.

Anaphase: the 
chromatids separate 
and move towards 
opposite ends of the 
cell.

Metaphase: the 
chromosomes line up 
in the middle of the 
cell.

Telophase: the chromatids 
are now in two separate 
groups and a new nuclear 
membrane begins to form 
around each group.

Tiny new starfi sh growing at the end of a discarded 
Linckia starfi sh arm

Grasses can colonise an area rapidly by sending 
out runners.
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13.2 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Match each of the terms below with its meaning.

Term Meaning

(a) Zygote A Has a particular structure suited to its function

(b) Specialised B Found in the nucleus of cells; contains the genetic material of the cell

(c) Binary fission C  Process that occurs after mitosis where the cytoplasm of the cell splits in two

(d) Chromosome D Fertilised egg

(e) Cytokinesis E  Reproductive process where the parent breaks into pieces and each piece develops 
into a separate organism

(f) Differentiation F How bacteria reproduce

(g) Budding G Process where cells become specialised

(h) Fragmentation H  A type of reproduction where the offspring starts out as a growth on the parent

2. Distinguish between sexual and asexual reproduction.
3. Outline why cells need to replicate.
4. Distinguish between chromatids and chromosomes.

Investigate
5. (a)  Place a carrot top on moist cotton wool until leaves appear; then transfer the plant to a plastic pot 

containing moist potting mix. Record what happens.
(b) Try this with a variety of other vegetables. Summarise your findings.

6. Use the Animation of mitosis weblink in the Resources tab and the diagram on the previous page to create 
a cartoon strip that summarises the process of mitosis.

If you have a digital eyepiece available take photos of the cells and label your photos; otherwise draw a 
diagram of the cells you identified.
• The photos on the previous page show plant cells at various stages of mitosis. Try to locate a cell in each 

of these stages on the slide you are observing. Note that the colour of the chromosomes may be different 
depending on the stain that has been applied to the slide.

• Photograph or draw the cells you identified.

Discussion
1. Why were slides of onion root tip rather than another part of the onion plant used for this investigation?
2. The prepared slides have a stain added. The stain is taken up by the DNA in the cells. Explain why the stain 

is necessary to observe the stages of mitosis.
3. Use the Animations of mitosis weblink in the Resources tab to explain why an animation provides more 

information about mitosis than the images shown above.

Explore more with this weblink: Animations of mitosis (int-0000)

Complete this digital doc: Worksheet 13.1: Asexual reproduction (doc-0000)

Complete this digital doc: Worksheet 13.2: Mitosis (doc-0000)

RESOURCES — ONLINE ONLY
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     13.3  Out of control! 
 In a healthy organism, cells need to divide to enable growth and repair. The process is carefully controlled 
but what happens when the control mechanisms fail? Cancer is one of the consequences of cells replicating 
out of control. Finding new strategies to prevent and treat cancer is one way that scientifi c knowledge is 
helping to address health issues. 

 13.3.1 What is cancer?       
 By the age of 85, one in two men and one in 
three women will have been diagnosed with 
cancer. Cancer occurs when cells begin to 
replicate out of control. Under normal condi-
tions the cell cycle is carefully regulated. Cer-
tain bits of DNA (genes) regulate when cells 
grow, divide and die. Damage to the DNA of 
cells can interfere with this process. Instead 
of dying, cells can continue to multiply 
unchecked and form a lump of cells called 
a tumour. The cells in a tumour are usually 
undifferentiated — they do not take on the 
special structure of the cells in that area of the 
body — so the tumour can interfere with the 
normal functioning of the organ. 

 Some tumours grow slowly and do not 
spread. These are usually considered benign. 
Provided they do not impact signifi cantly on 
surrounding tissue, they may be left inside 
the body and monitored. Malignant tumours are more dangerous because they can spread throughout the 
body. Fragments of the tumour can break off and travel through the body via the bloodstream or lymphatic 
system, giving rise to new cancerous masses in other parts of the body. 

 13.3.2 The role of scientifi c research 
 While cancers are still currently the 
leading causes of death in Australia, 
knowledge of the disease can play an 
important part in reducing its incidence 
and improving survival rates. Scien-
tifi c research has assisted in the battle 
against cancer in several ways. 

 Identifying carcinogens 
 Identifying substances (carcinogens) 
that damage the DNA of cells and cause 
cancer can help us avoid these. Some of 
the chemicals in tobacco smoke have 
been shown to cause cancer, and cig-
arette packets now carry health warn-
ings. Asbestos, a common building 
material prior to the 1980s, has been 

Safety gear is required when handling asbestos.

This tumour was removed from a dog’s digestive system.
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shown to cause lung cancer. Asbestos is a material that forms fibres; when these become loose they can be 
inhaled. The use of asbestos in construction has been completely banned in Australia since 2003 and safety 
protocols, such as wearing appropriate protective clothing and masks, have been developed for workers 
who handle asbestos in older buildings.

Identifying the role of viruses
There is increasing evidence of the role of viral infections in some types of cancer. Cervical cancer affects 
the cervix, the passageway between the vagina and the uterus in women. During pregnancy the cervix is 
closed, but during childbirth it opens up (dilates) to allow the baby to come out of the uterus. Women who 
contract a virus called the human papillomavirus (HPV) are at higher risk of developing cervical cancer 
later in life. Most women who contract HPV have no symptoms and cancer may not develop until many 
years later. As the cancer spreads it may cause symptoms such as unusual vaginal bleeding or discharge, 
and lower back or leg pain. When the cancer is discovered in its later stages, it is sometimes necessary to 
remove some of the patient’s reproductive organs so that she may no longer have children. The cancer may 
eventually spread to other parts of the body and cause death. Early detection of cervical cancer greatly 
increases the chance that a woman will make a full recovery. A pap smear is a medical procedure that can 
detect cervical cancer in its early stages. It involves scraping cells from the cervix and examining them to 
check for any abnormalities. It is recommended that women have a pap smear every two years.

Since many of the cases of cervical cancer are 
linked to HPV infection, protection against HPV is a 
highly effective way of reducing the incidence of cer-
vical cancer. HPV spreads by sexual contact. While 
men do not get cervical cancer, they can carry HPV 
and pass it on to their sexual partners. Professor Ian 
Frazer, an  Australian scientist, recently succeeded 
in developing a vaccine against HPV. The vaccine, 
called Gardasil, has the potential to greatly cut down 
the rate of cervical cancer and save many lives. It is 
best to be vaccinated when you are young, before you 
have had a chance to become infected by HPV. For 
this reason, the Australian government is funding the 
cervical cancer vaccine for women aged 16 to 26. Dif-
ferent types of HPV can cause cervical cancer and the 
vaccine protects against about 80 per cent of these; 
therefore, women who have been vaccinated should 
still have pap smears.

Limiting exposure to radiation
There was a time when a visit to the shoe store might have involved having your feet X-rayed inside the 
shoes to see how much growing room was left. We now know that many types of radiation, including 
X-rays, can damage the DNA of cells and thus cause cancer. The effect is cumulative; the greater the 
dose of X-rays you are exposed to over your lifetime, the greater the risk. These days, X-rays are reserved 
mainly for medical applications, and health professionals take steps to minimise their and the patient’s 
exposure. A lead apron may be used to shield parts of the body that do not need to be X-rayed, and the 
radiologist usually leaves the room or stays behind a shield while the radiation is being emitted.

UV radiation from the sun also causes cancer. Skin cancer is the most common form of cancer in 
 Australia. In fact, two out of three Australians are likely to get skin cancer at some time during their lives. 
The most serious forms of skin cancer are responsible for about 1000 deaths each year in Australia. The 
main cause of skin cancer is exposure to the sun. Ultraviolet radiation reaching Earth from the sun is not 

Australian immunologist Professor Ian Frazer 
developed Gardasil, a cervical cancer vaccine, 
which is an Australian invention that can protect 
against the virus that causes cervical cancer.
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THE THREE MAIN TYPES OF SKIN CANCER

Squamous cell carcinoma
• less common and more dangerous than basal cell carcinoma
• appears as a red, scaly sore
• usually found on the hands, forearms, face and neck, but can 

spread to other parts of the body
• mostly affects people over 40 who have been exposed to the 

sun for many years
• kills about 200 Australians each year

Basal cell carcinoma
• most common form of skin cancer and also the least dangerous
• appears as a red, flaky lump on the skin
• rarely spreads to other parts of the body but needs to be 

treated before it grows large or forms a deep sore

Melanoma
• least common but most dangerous form of skin cancer
• first sign is a change in size, shape or colour of a freckle or 

mole, or the appearance of a new spot on normal skin
• can spread quickly to other parts of the body
• most common in adults aged between 30 and 50 years, 

usually caused by long periods of exposure to the sun during 
childhood and adolescence

• cause of the most deaths from skin cancer — about 800 each 
year in Australia

visible. It causes sunburn and is at its peak in the middle of the day when the sun is directly overhead. 
Ultraviolet radiation can cause cancer in the cells of the epidermis, the top layer of the skin, because it 
damages the cells’ genetic material (DNA).

Increased knowledge of the risks of sun exposure has resulted in information campaigns aimed at 
changing people’s behaviour. Here are some simple steps that can reduce your risk of skin cancer:
 • Avoid going out in the sun in the middle of the day (11 am–3 pm), particularly in summer.
 • Wear a shirt with sleeves and a hat when outside.
 • Wear a broad spectrum sunscreen labelled 30+ or higher.
 • The key to curing skin cancer is early detection. Even melanomas can be cured in more than 95 per cent 

of patients if they are detected quickly. If you see a new lump or spot, or a changing freckle or mole, see 
a doctor promptly.
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SOME QUESTIONS ABOUT FUN IN THE SUN
Q: Is a suntan healthy?
A: No. A suntan is evidence that you have been exposed to the sun for too long. A suntan will not protect you 
from skin cancer. Fake suntan lotions do not offer protection from skin cancer either.

Q: Do I need to worry about sunburn or skin cancer when it’s cloudy?
A: Yes. Although clouds block out a lot of the sun’s visible light, they do not block out enough ultraviolet 
radiation to protect your skin completely, especially during summer. The graphs below show that light cloud 
cover has little effect on the harmful ultraviolet radiation reaching the ground on a summer’s day in Sydney. 
Heavy cloud, however, decreases the amount of ultraviolet radiation reaching the ground by over 90 per cent.

Q: Do I need to use sunscreen when I wear a hat?
A: Yes. The sun’s radiation is reflected from the ground and from water. Snow and sand reflect a lot of radiation, 
even on cloudy days. In addition, many hats, including baseball hats, do not protect you from direct radiation. 
Wide-brimmed hats or ‘legionnaire’ hats provide the best protection because they shade the neck and ears.

Q: What does SPF 30+ mean?
A: SPF stands for ‘sun protection factor.’ It allows you to estimate how long you can stay in the sun before your 
skin starts to go red. This period can be estimated by multiplying the amount of time that it takes your skin to 
redden by the SPF factor. For example, if your unprotected skin starts to burn after 10 minutes in the hot sun, 
proper use of SPF 4 sunscreen would allow you to remain in the sun for 10 × 4 = 40 minutes before burning 
starts. After that 40 minutes, you would burn, even with more sunscreen applied. An SPF water-resistant 30+ 
sunscreen reapplied every 2 hours would allow you to remain in the sun for at least 10 × 30 = 300 minutes 
before burning starts. SPF 30+ sunscreen blocks out about 97 per cent of the sun’s radiation.

Q: What does ‘broad spectrum’ mean?
A: The Cancer Council NSW recommends a broad spectrum SPF 30+ sunscreen. Broad spectrum sunscreens 
offer protection from the three different types of ultraviolet radiation: UVA, UVB and UVC.

9.00 am 11.00 am 1.00 pm 3.00 pm 5.00 pm 9.00 am 11.00 am 1.00 pm 3.00 pm 5.00 pm

Cloud-free day Cloudy day

Ultraviolet radiation throughout the day

Extreme

Very high

High Heavy cloud Light cloud

Moderate

These graphs show how the ultraviolet radiation reaching the ground changes on a typical summer day in 
Sydney.

Developing treatments for cancer
Some traditional treatments for cancer include:
 • Surgery to remove the cancerous mass. This can be highly effective when the tumour is localised and its 

removal does not cause significant damage to surrounding tissues.
 • Radiotherapy to kill dividing cancer cells. Radiation can cause cancer, but it can also be used to treat 

cancer by killing dividing cells, including cancer cells. Unfortunately, healthy dividing cells are also 
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damaged in the process, causing side effects including nausea, a weakened immune system and often 
hair loss.  

 •   Chemotherapy to attack cancer cells. Chemotherapy involves taking medication that kills cancer cells. 
Again, some healthy cells are also killed by the drugs resulting in unpleasant side effects.   
 Finding new treatments for cancer that target cancer cells specifi cally and have few side effects is an 

important goal for science. Here are just a few recent discoveries in the area of cancer research.  
 •   An Australian drug company called Peplin has developed a gel, made from a common weed called 

 Euphorbia peplus , which has been used successfully to treat some skin cancers. The plant contains a 
cancer-fi ghting chemical. Peplin has found a way of extracting this chemical from the plant and making 
it into a gel that can be applied to skin cancers. When the gel was tested, it cleared most skin lesions 
after just two days.  

 •   A company in the US is investigating the use of scorpion venom in cancer treatment. The venom of 
the deathstalker scorpion contains a substance called chlorotoxin, which sticks to tumour cells but not 
healthy cells. It may be possible to combine chlorotoxin with chemicals that emit cancer-destroying radi-
ation. Since the chlorotoxin sticks to the cancer cells, the radiation emitting chemicals could be delivered 
exactly where they are needed. Another possible use 
for chlorotoxin is to use it to make ‘tumour paint’. The 
chlorotoxin is tagged with a fl uorescent paint so that the 
cancer cells it sticks to can be more easily identifi ed and 
removed by a surgeon.  

 •   New ways of delivering cancer-fi ghting drugs are being 
investigated. Most drugs used for chemotherapy are 
toxic to rapidly dividing cells, whether they are healthy 
or not. This limits the dose that can be administered to 
patients. Packaging the drugs with nanoparticles (very 
tiny particles) might help target cancer cells more spe-
cifi cally so that higher doses can be administered with 
fewer side effects. Nanoparticles tend to accumulate in 
tumours due to differences in the blood vessels that sup-
port them.  

 •   Researchers at the University of Canberra have been 
investigating the benefi t of substances extracted from 
mistletoe to patients undergoing cancer treatment. 
Mistletoe plants contain compounds that can help the 
immune system get rid of cancer cells or attack the 
cancer cells directly. Mistletoe berries contain a toxin 
that also contributes to the effectiveness of the mistletoe 
extract. The researchers are looking for the best design 
and coating for capsules containing mistletoe extract to 
ensure that the active ingredients are delivered exactly 
where they are needed. Ideally, the compounds need 
to be released near the cancer cells and stimulate an 
immune response localised to that area. 

The venom of the deathstalker scorpion 
contains a substance that sticks to cancer 
cells but not healthy cells.

Mistletoe

13.3 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.
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Remember
1. Outline why damage to the DNA of cells can cause tumours to form.
2. Distinguish between a benign and a malignant tumour.
3. Recall two examples of carcinogens.
4. What measures are used to minimise the risks associated with medical X-rays for patients and health 

professionals?
5. Distinguish between chemotherapy and radiotherapy.
6. Recall which part of the sun’s radiation is the major cause of skin cancer and sunburn.
7. Identify the most dangerous time of day to be out in the sun.
8. Outline what you should look for on the skin when checking for signs of skin cancer.
9. Outline five ways that you can help protect yourself from skin cancer.

10. Outline how chlorotoxin might be used in cancer treatment.
11. Why are researchers interested in packaging cancer drugs with nanoparticles?
12. Why are researchers at the University of Canberra investigating a mistletoe extract?

Think
13. Explain why it is a good idea to check whether a building contains asbestos before beginning renovations.
14. Explain why protecting women from infection with HPV can reduce the risk of cervical cancer.
15. Men do not get cervical cancer, yet it has been proposed that both boys and girls should be immunised 

against HPV in Year 7. Suggest why immunising boys could reduce the incidence of cervical cancer in years 
to come.

16. Explain why women who have been 
immunised against HPV should still 
have regular pap smears.

17. Melanomas occur mostly in adults 
over the age of 30. Explain why it is 
so important that young children and 
adolescents are aware of the dangers 
of the sun’s radiation.

18. Daniel has very pale, sensitive skin 
that begins to burn after only eight 
minutes in the summer sun. He goes 
to the beach and takes a tube of SPF 
6 sunscreen with him.
(a) If he doesn’t go swimming, 

calculate how long he would be 
able to sit in the sun before getting 
burned, assuming that he applies 
his sunscreen correctly.

(b) If he used SPF 15+ sunscreen 
instead, would he be safe sitting 
in the sun all day? Justify your 
answer.

19. Kimberley is planning to play a game 
of tennis with a friend on a warm 
summer’s day. What should she take 
with her to protect her skin from the 
sun?

Skill builder
20. In a class of 15 girls and 14 boys, 

predict the number of boys and girls 
who will be diagnosed with cancer 
by the time they reach the age of 85 
based on the current incidence of 
cancer in Australia. 15

Age distribution of melanoma
in New South Wales
2003 to 2005

15

10

10

5

5

0
0

15 –19

20–24

25–29

30–34

35–39

40–44

45–49

50–54

55–59

60–64

65–69

70–74

75–79

80–84

85+

Age

(years)

10 –14

5 –9

0–4

Percentage of males

Percentage of females

Source: NSW Central Cancer Registry

UNCORRECTED P
AGE P

ROOFS



c13GrowingAndMultiplying Page 508 11/07/17  3:07 AM

508 Jacaranda Core Science Stage 4

      13.4  Plant parts 
 Plants are multicellular organisms; they are 
made up of more than one cell. Like other mul-
ticellular organisms, they contain organs that 
work together to keep them alive. The main 
organs of plants are the roots, stem, leaves and 
fl owers. 

 13.4.1 Hairy roots and all 
 Roots both anchor the plant and help it to obtain 
water from the soil. Plants obtain water and 
 mineral salts  through their roots.  Root hairs  
found on the outermost layer of the smallest 
roots can greatly assist this process. These are 
long cells that act like thousands of tiny fi n-
gers reaching into the soil for water and soluble 
salts. For most plants, it is important for their 
roots to be in soil that is well drained. Plants 
need  oxygen  for respiration, and the uptake of 
mineral salts is usually reduced if the roots are 
waterlogged.           

 13.4.2 Which minerals do plants need? 
 Animals get the minerals they need from the food they eat. Plants do not eat food. They make the sugars 
they need for energy by photosynthesis, and they absorb minerals from  the soil. 

Fruit

Photosynthesis occurs
in the leaves.

The stem holds up the
leaves and �owers. It is
also involved in
transporting water from
the roots to the leaves
and sugars from the
leaves to other parts
of the plant.

Roots anchor the plant in the
ground and absorb water
and minerals from the soil.

Flowers are the reproductive
organs of plants. They develop
into fruits containing seeds.

Think and reason
21. Extract the answers to the following questions from the graphs on the previous page.

(a) Which age groups of males are most affected by melanoma?
(b) Which age groups of females are mostly affected by melanoma?
(c) Does melanoma appear to be more common in males or in females over the age of 50? Why do you 

think this is the case?

Create and design
22. Design a colourful poster that would encourage people to protect themselves from the sun’s harmful radiation.
23. Design and construct a multipurpose hat that shades the head and has at least one other purpose. Give 

your multipurpose hat a name. Prepare an advertising brochure and instruction manual for your hat.

Investigate and design
24. Design and carry out a survey (consisting of a series of questions) to investigate whether people of different 

age groups protect themselves from the danger of skin cancer by wearing hats, shirts and sunscreens. By 
sharing your data with other members of your class, you may be able to form a sound conclusion.

 Watch this eLesson: A cure?: Learn about the revolutionary new Australian trials to fi nd a vaccine for skin 
cancer. (eles-0070)

 Complete this digital doc: Worksheet 13.3: Skin (doc-0000)

 RESOURCES — ONLINE ONLY
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 13.4.3 Plants without soil 
 Hydroponics is a way of growing plants without soil. Hydroponic systems use coarse sand, pebbles or 
rock-wool to support the plant’s roots.       

 The  nutrients  that plants usually get from the soil are supplied in 
a water solution. The water solution is trickled over the roots of the 
plants. This allows the roots to get lots of oxygen and not become 
waterlogged. Vegetables such as lettuces, tomatoes and beans are 
sometimes grown hydroponically.       

The roots of hydroponically grown 
plants may be supported by 
pebbles, rockwool or sand.

Plants in hydroponic systems receive nutrients in a 
water solution.

Root hair
absorbs
water and
minerals
(arrows
indicate
direction
of �ow).

Water

Soil particle
Xylem
vessels

Root
cortex

Epidermis
(with root
hairs)

Water and 
solutes to stem Soil

Root tip

Root hairs

Root hairs

Lateral root   

Main root

Phloem

Xylem

Structure of plant roots

Root hairs seen with an electron 
microscope

UNCORRECTED P
AGE P

ROOFS



c13GrowingAndMultiplying Page 510 11/07/17  3:07 AM

510 Jacaranda Core Science Stage 4

INVESTIGATION 13.2

Stem transport systems
AIM: To identify xylem tissue in celery

You will need:
celery stick (stem and leaves)
blue food colouring
knife
red food colouring

two 250 mL beakers
hand lens
water

• Slice the celery along the middle to about halfway 
up the stem.

• Fill two beakers with 250 mL of water. Colour one 
blue and the other red with the food colouring.

• Place the celery so that each ‘side’ of the celery is 
in a separate beaker.

• Leave for 24 hours and then observe the celery.
• Cut the celery stick across the stem.
• Use the hand lens to look at the inside of the stem.

 13.4.4 Hold and carry 
 Plant stems serve two important functions; they hold up the leaves and fl owers, and they transport sub-
stances throughout the plant. Water must travel from the soil up to the leaves, and sugars made in the leaves 
need to be transported to all parts of the plant. 

 Conducting tissue: xylem and phloem 
 The roots, stems and leaves of plants contain  conducting tissue  to transport substances from one part of 
the plant to another. There are two types of conducting tissue:  xylem  and  phloem . 

 Xylem tissue carries water and minerals from the roots of plants to all other parts of the plant. It consists 
of long hollow tubes made up of the remains of dead cells. The cells that xylem tubes are formed from have 
their cell walls strengthened with a woody substance called  lignin . This makes them quite sturdy. 

 Phloem tissue transports sugars made in the leaves to other parts of the plant. Phloem is made up of two 
types of cells: sieve cells and companion cells. Sieve cells, like xylem cells, arrange themselves end to end 
to form long tubes, but the cells that make up sieve tubes are still alive. They are called sieve cells because 
their cell walls have holes in them (like sieves) at each end of the cells to allow substances to move from 
one cell to another. Sugars can move both up and down sieve tubes. The movement of sugars throughout 
the plant is called  translocation .    
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13.4 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Copy and complete the table below.

Organ Function

Roots  

Stem  

Leaves  

Flower  

2. Outline why plant roots have small hairs.
3. Copy and complete the table below.

Tissue What it carries
Direction of 
movement

Name of cells 
that form tubes

Are cells that form 
tubes living?

Xylem        

Phloem        

Think
4. Classify the following vegetables as leaf, stem, fruit, flower or root.

(a) Carrot (b) Celery stick
(c) Lettuce (d) Potato
(e) Beans (f) Peas
(g) Artichoke (h) Capsicum
(i) Cauliflower (j) Tomato

(k) Broccoli (l) Onion
5. At the supermarket, some lettuces are labelled ‘hydroponic lettuce’. Define what this means.

Investigate
6. Observe a number of different types of roots, using a stereomicroscope, and then record your observations 

as diagrams.
7. Find out what the main chemicals in fertiliser are.
8. Design an experiment to test each of the following hypotheses.

(a) Bean plants that have fertiliser X added to their soil produce larger beans.
(b) Rose bushes produce more flowers if fertiliser A is added to the soil they grow in.
(c) Pine seedlings grow fastest if you add one capful of fertiliser B to every 500 g of potting mix.

Discussion
1. Look at where the water has travelled in the celery. Draw a diagram to show your observations.
2. Draw a diagram to show what you can see when you cut across the stem.
3. Where is the differently coloured water found in the stem?
4. Where are the different colours found in the leaves?
5. Draw a diagram of the whole celery stick and trace the path of the water through each side to the leaves.
6. How could you turn a white carnation blue? Try it.

 Complete this digital doc: Worksheet 13.4: Roots, stems and leaves (doc-0000)

 Complete this digital doc: Worksheet 13.5: Plant transport highways (doc-0000)

 RESOURCES — ONLINE ONLY
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13.5 Leafy exchanges
Leaves are the main site of photosynthesis in most flowering plants. Their shape and structure ensures that 
this process is as efficient as possible.

Plants do not need to take in food because they carry out  photosynthesis. This important process occurs 
mainly in the leaves of plants. When plants photosynthesise, they use the energy from sunlight to convert 
carbon dioxide from the air and water taken up from the soil into glucose and oxygen. A green pigment 
called chlorophyll is needed. Photosynthesis consists of a number of steps but it can be summarised by the 
overall equation below.

carbon dioxide + water 
chlorophyll 

sunlight   glucose + oxygen

Most plants have flat, thin 
leaves to maximise the area 
exposed to sunlight and their tis-
sues are organised to make pho-
tosynthesis more efficient. The 
outer layer of leaves, the epi-
dermis, is clear to allow light to 
penetrate to the layers beneath.

13.5.1 Solar powered
There are small holes in the leaves 
called stomata (singular = stoma). 
These small holes allow gases 
such as carbon dioxide, oxygen 
and water vapour to move in and 
out of the leaf. They are located 
mainly on the underside of 
leaves. The stomata can be seen 
clearly under the microscope. 
They are surrounded by two kid-
ney-shaped cells called guard 
cells. The guard cells can open or 
close the stomata depending on 
the plant’s need. When the plant 
has plenty of water, the guard 
cells fill up with water and stretch 
lengthways. This opens the pore. 
If water is in short supply, the 
guard cells lose water and col-
lapse towards each other to close 
the pore. This is one way that the 
plant can control its water loss.

Stomata are surrounded by guard cells on the underside of a leaf.
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INVESTIGATION 13.3

Observing leaf epidermal cells
AIM: To observe leaf epidermis and identify stomates

You will need:
leaf
clear sticky tape
microscope slide
microscope

You can make a ‘slide’ of leaf epidermal cells with sticky tape.

• Put some sticky tape over a section of the underside of a leaf.
• Press the sticky tape fi rmly onto the leaf.
• Tear the tape off. Some of the lining cells should come off with 

the sticky tape.
• Press the tape, sticky side down onto a microscope slide.
• View the sticky tape under the microscope.
• Try to fi nd a pair of guard cells and one of the stomata.

Discussion
1. Is the stoma (the opening) open or closed?
2. Make a drawing of a group of cells, including the guard cells. Include as much detail in your drawing as 

possible.
3. Label the guard cells and stomata.
4. Title and date your drawing. Write down the magnifi cation used.

HOW ABOUT THAT!
Scientists have used genetic engineering technology to produce plants that glow particular colours when 
they have mineral defi ciencies. This provides farmers with information about which soils need extra minerals 
added.

Guard cells

Cell wall
thickening

Nucleus

Stomatal
pore

Epidermal
cells

Stomata can close to conserve water.

Guard cells are fi lled with water 
and the stomatal pore opens.

Guard cells collapse and the 
stomatal pore closes.
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Light energy
from the sun

Water
from
the
plant’s
roots

Carbon dioxide

Nucleus

ChloroplastsStoma

Chloroplast

Single leaf cell

Vein

Cell wallCell membrane

Upper epidermis

Palisade
mesophyll

Spongy
mesophyll

Mesophyll
tissue

Leaf cross-
section

Vacuole

Oxygen gas

Lower
epidermis

Leafy exchanges

13.5.3 Investigating photosynthesis
How do we know that plants need carbon dioxide, water and chlorophyll for photosynthesis? What evi-
dence do we have that photosynthesis produces oxygen and glucose? Many scientists have done experi-
ments over many years to gradually reveal all the facts we now have about photosynthesis. The timeline 
below shows some of these experiments.

13.5.2 Why plants are green
Under the epidermis are the mesophyll cells, where the action happens. They are packed with chloroplasts, 
the green organelles that are the site of photosynthesis. There are two types of mesophyll cells. The layer of 
cells just under the upper epidermis is called palisade mesophyll because the cells are lined up like the posts 
in a picket fence (from the French palissade meaning ‘picket fence’). Below the palisade mesophyll is the 
spongy mesophyll, so called because it has air pockets. These air pockets are important. Many plants open 
their stomata for only part of the day. When the sun is strongest they close their stomata to conserve water. 
The air pockets allow gases to remain inside the leaf when the stomata are closed so that there is a supply of 
carbon dioxide for photosynthesis for some time after the stomata have closed. Leaves also have veins. These 
contain xylem and phloem tissue like the stem. Water travels from the stem into the leaves via the veins, and 
the sugars produced in photosynthesis are transported to other parts of the plant in the phloem.
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Nicholas of Cusa
German cardinal
(1401–1464)

Proposed idea that
weight gained by plants
is from water, not soil

Jan Baptista van Helmont
Dutch physician

(1577–1644)

Burning candle
�oating on cork

Candle goes
out.

Add green
plant.

Later the candle
can burn again.

Mouse with green
plant survives.

Mouse alone
dies.

Jan Ingenhousz
Dutch physician
(1730–1799)

Demonstrated that most material 
in a plant’s body does not come from 
soil; he suggested it comes from water

Joseph Priestley
British chemist/clergyman

(1733–1804)

Showed that plants
could ‘restore’ air
injured (by respiration)

Stephen Hales
British physiologist/clergyman

(1677–1761)

Suggested plants get
some nourishment
from air

Showed that plants need sunlight to restore
‘injured air’ and that only the green parts do this;

all parts of plants ‘injure’ air (i.e. respire)

Various European chemists (late 18th century)
Oxygen discovered and identi�ed as ‘restored’

air, carbon dioxide discovered and
identi�ed as the ‘injured’ air

Julius von Sachs
German botanist

(1832–1897)

Maize seedling 
held by the cork, 
with roots in the 
culture solution

Theodor Wilhelm Engelmann
German physiologist (1843–1909)
Showed that oxygen was produced by chloroplasts,
and that red and blue light are the most important 
wavelengths for photosynthesis

1450

1700

1720

1740

1760

1780

1800

1820

1840

1860

1880

1900

Jean Senebier
Swiss minister (1742–1809)

Demonstrated that plants
use carbon dioxide
dissolved in water as food

Discovered plant respiration, and that chlorophyll is
found in chloroplasts; showed that starch grains form
during photosynthesis, and that plants take in and use
minerals from the soil; showed that minerals were
required for making chlorophyll

Priestley’s experiment

Leaves in water without 
carbon dioxide give 
off no oxygen.

Leaves in water with 
carbon dioxide give 
off oxygen. Oxygen-

enriched
air

Transmitted light Chloroplast

Absorbed light

Re�ected lightLight

Discovery journal of photosynthesis
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 Sugary sweet — the many journeys of glucose 
 Plants may use the glucose made by photosynthesis in four main ways:  
1.   used straight away as energy  
2.   stored — changed into starch or oil and stored in the stems, roots, 

seeds and fruits  
3.   used to make cellulose for the cell walls  
4.   combined with minerals and used to make proteins and other sub-

stances for plant growth.   

INVESTIGATION 13.4

Out of the light
AIM: To determine whether light is needed for photosynthesis

You will need:
pot plant that has been kept in the dark for a few days
several strips of aluminium foil
scissors and sticky tape
hotplate
500 mL beaker of boiling water
test tube of ethanol
forceps
iodine solution and dropping pipette
Petri dish
watchglass with a small sample of potato starch

• Fix aluminium strips to one leaf of a plant as shown 
in the fi gure on the right. Make sure that both sides of 
the leaf are covered by the strip and that you do not 
damage the leaf.

• Leave the plant in the light for 3 days.
• Remove the leaf from the plant and take off the foil.
• Dip the leaf into boiling water for 10 seconds, and then 

place it in a test tube of ethanol.

CAUTION:  Ethanol is fl ammable. Do not place it near a 
naked fl ame. Use a hotplate to heat the water.

• Stand the test tube in the beaker of hot water and leave for 10 
minutes. This treatment will remove the chlorophyll.

• While the leaf is in the ethanol, test a small sample of potato starch 
on a watchglass with the iodine solution. Note any colour change.

• Remove the leaf from the ethanol with the forceps and dip it into the 
hot water in the beaker again to remove any excess ethanol.

• Place the leaf into a Petri dish and cover with iodine solution. Note 
any colour change and where on the leaf any such change occurred.

Discussion
1. Glucose is produced during photosynthesis and is then converted to starch and stored. Did your test show 

any differences in starch production between the sections of leaf exposed to the light and the sections kept 
in the dark?

2. Which variable was investigated in this experiment?
3. Why was the plant kept in the dark for a few days before the experiment?
4. What inferences (suggested explanations) can you make from your observations?
5. What is the control in this experiment?

Make sure that the aluminium strips 
are secured, and that you do not 
damage the leaf.

Sticky 
tape

Aluminium foil

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight



TOPIC 13 Growing and multiplying 517

c13GrowingAndMultiplying Page 517 11/07/17  3:07 AM

13.5 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Recall the name of the process by which plants make their own food.
2. Recall the word equation for photosynthesis.

Think
3. Explain each of the following.

(a) Leaves have a fl at shape.
(b) The leaves on many trees are attached to branches in such a way that the leaves do not overlap very 

much.
(c) Rainforest plants tend to have much larger leaves than desert plants.
(d) Rainforest plants tend to have more stomata than plants that grow in dry environments.
(e) Guard cells and stomata are usually found only on the lower part of the leaf, away from direct sunlight.

4. Suggest how guard cells got their name.
5. Would you expect to fi nd chloroplasts in the cells of plant roots? Explain your answer.

Skill builder
Refer to the timeline Discovery journal of photosynthesis and answer questions 6–13.
6. If you bought a small plant today and watered it regularly, one year later its mass would have increased. 

According to Nicholas of Cusa the increase in mass would have come from the water you gave the plant, 
rather than the soil.
(a) Describe how you could prove that the matter in the soil had not turned into plant matter.
(b) Was Nicholas of Cusa correct? Propose what actually causes the increase in the mass of the plant.

7. Stephen Hales suggested that plants get some nourishment from the air. Identify what plants actually need 
from the air to photosynthesise.

8. Study Priestley’s experiment.
(a) Propose why a candle goes out if it is placed in a sealed jar.
(b) Why was Priestley able to relight the candle after the plant had been growing in the jar for some time?
(c) Why does a mouse die if left in a sealed jar?
(d) Why did the mouse survive if it was placed in a sealed jar 

containing living plants?
(e) Priestley stated that plants could ‘restore injured air’. What 

do you think he actually meant by that?
9. Jan Ingenhousz’s statement could be re-written in the following 

way.
Plants need sunlight to produce (a) ________. Only the green 
parts of plants can produce (b) ________ by (c) p________. All 
parts of plants (d) r________.

10. Which gases were identifi ed as ‘restored air’ and ‘injured air’ in 
the late eighteenth century?

11. Outline what the experiment carried out by Jean Senebier 
revealed about photosynthesis.

12. Look at the diagram next to the name Julius von Sachs. Identify 
which of the discoveries made by von Sachs was probably 
made using this apparatus.

13. Identify the colours of light that are absorbed best by 
chloroplasts.

14. Why do many rainforest plants have such large leaves?

Investigate
15. View prepared slides of leaf epidermis from different species of plants and fi nd pictures of leaf epidermis 

from various plants on the internet. Do all epidermal cells have the same shape?
16. Place a plastic bag over the leaves of plants growing in the school grounds. Seal the bag and record the 

amount of water collected over 24 hours. What conclusions can you draw from your results?
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  13.6  The sex life of plants 
 Plants can be grown from cuttings, bulbs or runners. They can also be grown from seeds. Producing seeds 
is an example of sexual reproduction and it all starts with fl owers. 

 Flowers are involved in reproduction. They contain the sex organs of plants. Some fl owers contain male 
sex organs, some contain female sex organs and some contain both! Flowers are designed to increase the 
chance of pollination, the process where pollen produced by the male parts of fl owers lands on the stigma 
of the female part of a fl ower. 

 13.6.1 Pollination 
  Pollination  describes the way in which pollen grains 
reach the stigma. Plants may pollinate themselves 
( self-pollination ). More often, however, they obtain 
the pollen from the fl ower of a different plant of the 
same species ( cross-pollination ). Cross-pollination 
increases the variation among the offspring and gives 
them a better chance of survival. The pollen grains 
may be transferred to other fl owers by wind, insects 
and other animals.       

  Insect-pollinated fl owers  usually have attractive, 
brightly coloured petals and nectaries. The pollen 
grains themselves may be in a shape that makes them 
become easily attached to the insect. 

  Wind-pollinated fl owers  are usually less conspicuous and have no large scented petals or nectar. Their 
shape enables small, light pollen grains to be shaken from the plant and carried away with even the slightest 
gust of wind. The anthers hang outside the fl ower and the feathery stigmas spread out to catch airborne 
pollen grains.           

Self-pollination
Cross-pollination

The difference between self-pollination and 
cross-pollination

 Complete this digital doc: Worksheet 13.6: Leafy exchanges (doc-0000)

 Complete this digital doc: Worksheet 13.7: Photosynthesis (doc-0000)

 RESOURCES — ONLINE ONLY

HOW ABOUT THAT!
Some plants are shaped in the form of the sexual partner of 
an insect, and the plants may secrete chemicals that excite or 
stimulate the insect. This may increase the contact between 
the insect and the plant pollen. Some insects are so fooled by 
these plants that they attempt to mate with them. On occasions, 
insects even release their own sperm into the fl ower.

The bee orchid looks and 
smells like a bee to other bees.
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Stigma

Petal

Style

Receptacle

CARPEL
(female) STAMEN

(male)

Sepal

Filament

Ovary

Ovule(s)

Anther

Nectary

Petals are brightly coloured 
to attract insects and birds.

The stigma is a 
sticky pad that 
pollen lands on.

The nectary produces 
sweet nectar to attract 
insects and birds.

The ovary 
protects 
the ovules.

Ovules contain 
the female sex 
cells.

Sepals protect the 
fl ower bud before 
it opens.

The stamen is the 
male part of the 
fl ower that produces 
pollen, which contains 
the male sex cells.

 13.6.2 Fertilisation 
 After pollination comes  fertilisation . Once the pollen lands on the stigma of a fl ower, pollen tubes grow 
down the  style . The male sex cells travel down the pollen tubes all the way to the ovules inside the ovary 
where fertilisation occurs. Fertilisation is the fusing of a male sex cell with the female sex cell.    

Which do you think is insect pollinated and which is wind pollinated?
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13.6 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Match the words in the left-hand column below with those in the right-hand column.

Sepal Sperm
Petal Sugar
Pollen Leaflet
Nectary Colour
Ovule Egg cell

2. Propose why plants usually produce so many pollen grains.
3. Explain the difference between pollination and fertilisation.
4. Complete the table below for each of the labelled plant parts in the diagram above.

Flower part Function Male, female or neither

     

Investigate
5. Is there a relationship between the colour of a flower and the strength of its scent? Design and carry out an 

investigation to determine whether the colour of the flower influences how strong the scent is.
6. Find pictures of examples of wind-pollinated and insect-pollinated flowers.
7. The sunflower, shown above, is actually not a single flower. The ‘heart’ of the flower consists of hundreds 

of small flowers close together. The ‘petals’ are not actually real petals either. They are modified leaves, but 
they do a great job of attracting insects. This flower organisation enables many flowers to be pollinated at 
once as insects walk over the ‘heart’ of the flower to collect nectar.
(a) Investigate which other plants have their flowers organised like the sunflower.
(b) Are there some other ways that small flowers can be organised to look like one large flower from far 

away? Find examples.
8. Complete the Sex life of plants interactivity in the Resources tab to answer questions about how plants 

reproduce. Success rewards you with a video of pollination. 

INVESTIGATION 13.5

What’s in a flower?
AIM: To identify the parts of a flower

You will need:
flowers
sharp knife or razor blade

cutting board
hand lens

tweezers

• Draw a picture of your flower. Locate, count and label the petals and sepals.
• Identify and label the male and female parts you can see.
• Place the flower on the cutting board and hold it with the tweezers.
• Carefully cut the flower in half down the middle (a vertical cross-section).
• Use the hand lens to look at the ovary and ovules.
• Draw the cross-section and label the female parts inside the flower.

Discussion
1. Which parts of the flower become the seeds?
2. Which part of the flower do you think will grow into the fruit?

Cut down 
centre

 Complete this digital doc: Worksheet 13.8: Plant reproduction (doc-0000)

Try out this interactivity: Sex life of plants (int-0211)

RESOURCES — ONLINE ONLY
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13.7 Plants and parenthood
Are you aware that when you bite into an apple, cherry or orange 
you are actually eating the enlarged ovary of the plant? Did you 
know that these swollen ovaries contain the plant’s ‘babies’ in 
their embryonic form? The plants are using you as a way of dis-
tributing their ‘young’ out into the world.

13.7.1 Eggs, embryos, seeds and fruit
Once the flower has done its job and the egg cell has been fer-
tilised by the pollen nucleus, another sequence of events takes 
place. The fertilised egg, in the middle of the ovule, divides into 
a little ball of cells that becomes an embryo. Special tissue called 
endosperm surrounds the embryo and supplies it with food.

The ovule becomes the seed and tissue forms around it to pro-
vide a protective seed coat. During the formation of the seed, the 
ovary expands and turns into a fruit.

13.7.2 Seed dispersal
One of the main jobs of fruits is to help disperse or spread the 
seeds. There is a variety of ways in which plants disperse their 
seeds: dispersal may involve animals, including birds (as for 
tomatoes, grapes and apples); water (as for coconuts); or wind (as 
for grasses and dandelions). Some plants can disperse their seeds 
by themselves. For example, the fruits of some plants in the pea 
family (legumes) split open suddenly when they are ripe and dry, 
throwing the seeds out for long distances.

A pear: from flower to fruit

Parachute

Fruit

Fruit

Seed

Legume

Parachute

Fruit

Fruit

Seed

Legume

Wind dispersal (top) and self dispersal 
(bottom)

Anther

Ovules

Ovules

Ovules or seeds

Ovary

Ovary

Stigma

Ovules  
are fertilised. 10 days later

30 days later

60 days later

Ovary or
fruit
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 13.7.3 Seeds and germination 
 The embryo, inside the seed, is made up of three different parts: the baby shoot ( plumule ), the baby root 
( radicle ) and one or two thick, wing-like  cotyledons .       

 When the conditions are right, the seed bursts open and a new plant grows out. This process is called 
 germination . When germination is complete, the embryo has become a young plant or  seedling .       

Germination of a broad bean

Seed coat Cotyledons

Plumule Radicle

Parts of a seed before 
germination

 There are three environmental conditions that are needed by all seeds before they can germinate: water, 
oxygen and a certain temperature, usually warm.  Water  is necessary for the seed to swell and burst open 
and then to transport food to the growing embryo. Oxygen is required to help provide the energy needed for 
growth and development. The required temperature depends on the particular type of plant. 

 Some Australian plants, such as  Banksia  and mountain ash ( Eucalyptus regnans ), require high temper-
atures to burst the fruit so that the seeds may be released. This adaptation gives these plants an excellent 
chance of survival in regions prone to bushfi res. 

 Although  light  is not necessary for the germination of most seeds, it is needed once the young shoot 
breaks through so that the plant can make its own food. 

 The diagram below summarises the life cycle of fl owering plants.           

Seed coat

Cotyledons
Leaf

Withered
cotyledonsRootUNCORRECTED P
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INVESTIGATION 13.6

Seeds — watch them grow
AIM: To compare the germination of 
different types of seeds

You will need:
2 maize seeds, 2 sunfl ower seeds and 
2 beans soaked for at least 24 hours
gas jar or tall glass
paper towel
sand

• Line the inside wall of the gas jar with 
a double layer of paper towel.

• Pour some sand inside the jar until it is 
about one-third full.

• Place the seeds between the paper 
towel and the glass (so that you can 
see them from the outside of the jar). 
Ensure that they are spread around 
the jar so that each seed will have 
plenty of room.

• Add more sand to the jar. This will 
keep the paper towel pressed against 
the sides of the jar.

• Pour water over the sand until all the 
sand in the jar is moist.

• Observe each seed daily for three 
weeks.

Paper towel lining jar Moist sand inside
paper towel

Seed (between
paper towel
and glass so it
can be seen
from the
outside) 

Glass jar
or tall glass

How to set up this experiment

1. Flowers form.

Male sex cells are contained inside
the pollen grains.

Ovules are found
inside the ovary.

2. Fertilisation occurs. Pollen grains
  travel down pollen tubes and fertilise
  the egg cell inside the ovule. 

If fertilisation occurs, the ovules will form
into seeds.

A seed

5. Plant grows.

4. If the seed ends up in the right  
 environment it will germinate  
 and form a new plant.

3. Fruit forms from ovary. 
 Seeds are contained 
 inside fruit.

The life cycle of a fl owering plant
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13.7 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Recall which part of a flower develops into a fruit after fertilisation.
2. Describe the conditions needed for germination.
3. Explain why light is usually necessary only after the plant has germinated.
4. If birds eat the seeds of fruit, explain how the seeds can be dispersed.

Think
5. Construct a mind map showing some foods that are seeds or that are the products of seeds.

Investigate and design
6. Design an experiment to investigate whether water affects the germination of a variety of different types of 

seeds.
7. Investigate where the germinating seed gets its food from and report back in a diagram.
8. Find seeds or pictures of seeds and classify them according to how they are dispersed. Try an internet 

search using the key words ‘seed dispersal’.

Discussion
1. Record how many days it takes for each seed to germinate. Once the seeds have germinated, use a table to 

record the lengths of any observable shoots and roots each day.
2. After three weeks, draw a diagram of one of the plants. Label the shoot, roots and leaves.
3. Draw a graph showing how the length of the shoot of each plant changed over time.
4. Did the three different types of seed grow the same way? Describe the similarities and differences.
5. Did you obtain the results that you expected? Explain.
6. Write a conclusion on the basis of your findings.

Complete this digital doc: Worksheet 13.9: Seeds (doc-0000) 

RESOURCES — ONLINE ONLY

13.8 Plant research project
Science as a human endeavour

It’s your turn to be a scientist! In the following investigation, you will design and carry out an experiment 
involving plants. You will also prepare a scientific report about your experiment.

13.8.1 Choosing a problem
Deciding on a problem to solve is often the hardest part of a research project. The following pointers may 
help you:
 • In your experiment, you will need to deliberately change one of the variables. This could be:

 – the amount of water
 – additives to water (such as sugar, salt, caffeine or vitamin C)
 – type of growth medium (such as sand, garden soil or gravel)
 – amount of light (You could use different types of shadecloth.)
 – colour of light. (You could use coloured cellophane over the pots.)
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The variable you change deliberately is the independent variable.
 • You will need to decide what to measure. The thing you measure is called the dependent variable. 

Examples of things you could measure include:
 – time taken for seeds to germinate
 – height of the shoots each day
 – number of leaves on each plant
 – mass of seeds produced by each plant.

 • You will need to make sure that the experiment is fair. That means that all variables except the  independent 
variable should be kept the same (controlled).

 • You must also include controls. For example, if you wanted to find out how plants were affected by 
salty water (independent variable), you might give three plants salty water. You would also need to give 
a second group of plants normal tap water (the control). The only difference between the two groups of 
plants should be that one group gets salty water while the other gets normal tap water.
If you were testing several groups of plants with different amounts of salt, you would still need to give 

one group of plants normal tap water. The plants with tap water are the control in the experiment. It shows 
whether the salt (independent variable) has an effect 
on plant growth (dependent variable). The control 
is used for comparison to see if the independent 
variable has an effect. If you were testing different 
types of soil, you would need to ensure that all other 
 variables (controlled variables) are the same for 
each group of plants. 
1. If you were testing the effect of different types 

of shadecloth on the growth of plants, describe 
the conditions under which the control group 
should be grown.

2.  Write a brief plan for your investigation. Read 
the next section, ‘Conducting the investigation’ 
before you start. Include in your plan:
(a) what you want to find out (the aim of your 

investigation)
(b) a list of materials that you will use
(c) an outline explaining how you will make 

sure that your tests are fair.

13.8.2 Conducting the investigation
1. Make sure you use at least 10 seeds or seedlings for your experiment.
2. If you are using seeds, you will need to soak them in water overnight before starting the  

experiment.
3. There are a few ways to set up the experiment. To investigate germination, you could use the 

same apparatus as in Investigation 13.6, or you could put the seeds on moist cotton wool in a 
dish. To investigate the growth of plants, you could plant the seedlings in soil or potting mix and 
wait for them to poke through the soil. If you are short of time, you may want to use seedlings 
rather than seeds for your experiment. The pictures at the top of the next page show some ways to set 
up plant experiments.

4. Prepare a table in which you can record the progress of your plants for three to four weeks. Use the 
sample table at the bottom of the next page as a guide. It can be used like a diary to keep all your 
observations and measurements together.

5. Predict what you expect to find out. This is your hypothesis.

You need at least two groups of plants.
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Planting your seeds

Step 1
Press a hole about 2 cm deep 
into the potting mixture with 
a pencil.

Step 2
If you are planting more than one 
plant in each container, mark the 
position of each seed by sticking a 
toothpick beside it.

Step 3
Label your container with your 
name and the date and any 
other vital information, e.g. ‘salty 
water’, ‘red light’.

Step 4
Water your seeds, but take 
care not to overwater! Leave 
your seeds in a warm and 
sunny position.

Step 1
Put some cotton wool in a Petri dish or plate. Add enough water to moisten the cotton wool. Place the
  pre-soaked seeds on top of the cotton wool.

Step 2
Water the seeds as required to keep the cotton wool moist, but do not overwater as mould will grow on the 
seeds.

Step 1

Seeds Moist cotton wool

Petri dish or plate

Step 2

Another way to set up your experiment

      Height of seedling (mm)  

      Tap water Salt water  

Date Day What I did A B C D E Ave. A B C D E Ave.
Observations 
and diagrams

5/3 10 Watered all 
plants a
3 pm; gave 
each plant
50 mL water

7.1 8.0 8.9 7.5 8.2   5.0 4.4 5.8 4.8 5.2    

Sample table. This table could be used to record the results for an experiment to fi nd out if watering plants with 
salt water affects their growth.
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13.8.3 Using your data
While your plants are growing, you can record 
the progress of the plants on a line graph like the 
one below. This graph shows how the height of 
two groups of six plants changes. You could use 
graphs in a similar way to show how the number 
of leaves changes or how many seeds germinate 
each day.

If any of your plants die, your investigation is 
not a failure. You must, however, make a reason-
able attempt to explain why they died.

13.8.4 Writing your report
In reporting your investigation to others, you 
should use the headings listed below. You will 
find a description of what should be included 
under each heading in Section 17.9 of this book.
 • Aim (purpose)
 • Procedure (materials and method)
 • Results (your observations and measure-

ments, including tables, graphs or photos, if 
appropriate)

 • Discussion (including evaluation of method 
and results)

 • Conclusion (a statement about the key findings in your experiment, which must be related to the aim)
Also, make sure that you give your report an appropriate title. Possible titles for this investigation are:
 • ‘The effect of ______________________ on the growth of bean plants’
 • ‘The effect of ____________________ on seed germination’.

C
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Plant died
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visible
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Progress of bean plants

Time (days)

Tap water

Salt water

D

E

Use a graph to record the progress of your plants. The 
independent variable is on the x-axis; the dependent 
variable is on the y-axis.

13.8 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Think
1. In the table above, five bean plants are watered with each type of water. Explain why this is better than 

testing just one plant with each type of water.
2. Genevieve is investigating the effect of shadecloth on the growth of bean plants at home. She places three 

plants under the pergola at the back of her house, which is covered with shadecloth. She places the other 
three against the wall at the front of the house. All plants are in the same size pots and are given the same 
amount of water. Describe how Genevieve could improve her experimental design.

3. Cameron is trying to find out whether sand or garden soil is better for growing radishes. He also wants to 
find out if sugar added to the water that is given to plants makes a difference. Cameron plants three seeds 
in sand and three seeds in garden soil. The plants growing in sand are watered with tap water. The plants 
growing in garden soil are given the same amount of a mixture of sugar and water.
(a) What two questions is Cameron trying to answer with his experiment?
(b) Identify the major problem with Cameron’s experimental design.
(c) Is it possible for Cameron to design a better experiment to answer both of his questions with only six 

seeds? Explain how.
4. Summarise what you know about scientific method and reports into a mind map or another visual map.
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Investigate
5. Propose how a plant would grow in a container that is upside down. Design and perform an experiment to 

find out.
6. Propose how a plant would grow in a fully enclosed container with a hole in one side. Design and perform 

an experiment to find out.
7. Can a plant grow without soil? Design and perform an experiment to find out.

13.9 All about the birds and bees
It’s time to look at how animals reproduce. In 
most instances animals have two parents, they 
reproduce sexually and inherit features from 
both parents.

In sexual reproduction a female sex cell and 
a male sex cell must combine to form a zygote 
— the first cell of the offspring. This process 
is called fertilisation. Fertilisation can occur 
inside or outside the body of animals. After fer-
tilisation has occurred, the zygote must grow 
and develop. This can also happen both inside 
and outside the body.

13.9.1 Fertilisation
Fertilisation involves the fusion of gametes or 
sex cells. When a male gamete combines with 
a female gamete, a zygote is formed. External 
fertilisation, as the name suggests, occurs out-
side the body, while internal fertilisation occurs 
inside the body.

External fertilisation
In aquatic organisms that reproduce sexually, 
fertilisation usually occurs externally. Eggs 
and sperm are released into the water and fer-
tilised outside the body. This poses many risks 
for ‘would-be’ zygotes! For a start, the gametes 
need certain conditions to survive — these are 
not always met in the environments into which 
they are released. Many gametes don’t connect, 
so fertilisation never occurs. Those zygotes that 
do form may get eaten, battered by strong tides 
or killed by pollutants in the water.

During a few nights each year, coral colonies release 
clouds of male and female sex cells into the water. (Most 
corals are hermaphrodites, which means they produce 
both eggs and sperm. Amazingly, the eggs have chemicals 
to attract sperm from different colonies of the same 
species.) The animal embryos that form after the eggs are 
fertilised float to and fro. If they do not die, or get eaten, 
they settle down after a few days. These tiny coral polyps 
(small animals) continue to develop into new colonies of 
coral. (A coral reef is made of up these animals’ skeletons.)

It is no wonder that so many eggs and sperm cells are so 
often needed with external fertilisation!

 Watch this eLesson: Growing plants in Australia: This video lesson is presented by a top Australian 
horticulturist and will provide you with tips for successfully growing plants. (eles-0055)

RESOURCES — ONLINE ONLY
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Two earthworms in the process of reproduction

 Internal fertilisation 
 With internal fertilisation, a  sperm cell  fuses with an  ovum  
inside the body (almost always the female body). In many 
species, this is the result of sexual intercourse, during which 
a male inserts his erect  penis  into a female’s  vagina . Here 
sperm (male gametes) are deposited when  semen  is  ejacu-
lated  (that is, released from the penis). Survival prospects for 
internal fertilisation are better than for external fertilisation. 
For a start, the environment inside the body is not subject 
to unpredictable events, such as a tidal surge or the sudden 
arrival of predators! Also, the temperature is just right. 

 After internal fertilisation, the zygote can be expelled out 
of the body as an egg or it can remain inside the body of the 
female to grow and develop. Fish, reptiles, amphibians, birds 
and monotreme mammals all lay eggs. The offspring then 
develops inside the egg over time. Since the eggs of fi sh and 
amphibians are laid in water and are not at risk of dehydra-
tion, they do not have a shell and appear jelly-like, whereas 
eggs that are laid on land need a shell to keep moisture 
inside the egg. The eggs contain a supply of nutrients for the 
growing embryo, while oxygen can pass through the shell. 
When the animal outgrows its egg or runs out of nutrients, 
it emerges from the shell. Some animals such as turtles lay 
their eggs and leave them unsupervised until they are ready 
to hatch. However, other animals such as birds sit on their 
eggs to keep them warm and protect them from predators. 

 To keep their offspring safe while they are developing, 
mammals have evolved some interesting strategies. Marsu-
pial mammals are about the size of a jelly bean when they 
are born. They are not fully developed but manage to crawl 
into a pouch on their mother’s stomach and attach themselves 
to a teat so they can receive milk. There they continue to 
grow and develop until they are ready to start eating foods 
other than milk. The joey then ventures out of the pouch for 
increasingly long periods of time until it becomes too large for the pouch and its mother makes it clear that 
it is no longer welcome. 

 Placental mammals such as humans keep their babies in the uterus inside their bodies. A structure called 
the placenta provides nutrients and oxygen to the developing baby and removes the baby’s waste. All mam-
mals produce milk to nourish their babies after birth.       

 13.9.2 Different ways of having 
babies 
 Is it a boy? A girl? 
 Earthworms — like many fl owering plants, snails and 
coral — are hermaphrodites. This means they have 
both male and female reproductive organs and so can 
produce both eggs and sperm. But earthworms still 
need mates to reproduce. 

Kangaroo joey attached to a teat inside the 
mother’s pouch

A kangaroo’s pouch is a safe place for a 
joey to develop.
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First, the earthworms swap each other’s sperm, depositing 
it in special openings in the body. Then a swollen area near 
each worm’s head, called a clitellum, produces mucus that 
slides down over the head of the worm like a tiny tube. The 
worm lays a few eggs in it and adds a few of the sperm cells 
deposited by the other earthworm. Then the tube is tied off 
to form a little cocoon. If soil conditions and temperature are 
right, the embryos hatch in about three weeks.

Swallowing babies
The recently extinct gastric brooding frog had an unusual 
way of keeping its young safe. The female would swallow the 
eggs after fertilisation. The eggs then developed into tadpoles 
and eventually into small frogs inside her stomach. When the 
froglets were sufficiently developed, they were regurgitated 
by their mother.

Dad’s having babies
In placental mammals, babies develop inside the mother’s 
body. Seahorses do things differently. It is the female that 
inserts part of her body (an ovipositor) into the male. She 
pumps eggs into a pouch at the front of his body and he then 
fertilises them with his sperm. Labour can sometimes take 
two days. Poor dad gives birth to 50–100 little seahorses, 
squeezing them out, one at a time. No wonder he’s called a 
 big-bellied seahorse.

There are some amazing stories to tell about other types of seahorses. The male Photocorynus seahorse 
never grows larger than 10 cm and leads a parasitic life in which he is permanently attached to the female, 
hanging on by his mouth! This is useful to the female because it means that she doesn’t have to search dark 
ocean depths to find a mate when her eggs are ready for fertilisation.

Male Hippocampus abdominalis seahorses 
try to get females to select them to carry 
eggs by inflating their pouches into a white 
balloon.

13.9 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Define the term ‘fertilisation’.
2. Classify the following animals into groups using a table similar to the one shown below.

cat, cane toad, bird, human, coral, snail, brown snake, gold fish, funnel web spider, fly, gastric brooding 
frog, seahorse

    Fertilisation

    External Internal

E
m

b
ry

o
 

d
ev

el
o

p
m

en
t

External
   

Internal
   

UNCORRECTED P
AGE P

ROOFS



TOPIC 13 Growing and multiplying 531

c13GrowingAndMultiplying Page 531 11/07/17  3:07 AM

3. Describe why male seahorses are unusual fish.
4. Contrast the following pairs.

(a) A bird’s egg and a frog’s egg
(b) Placental mammals and marsupial mammals

5. Explain what a hermaphrodite is. Give three examples.
6. (a) Explain the difference between internal and external fertilisation, giving examples.

(b) Which method of sexual reproduction provides the best chances of survival? Why?

Think
7. Many fish carry out courtship displays before releasing their egg and sperm in the water. Propose why.
8. Propose a reason why coral spawn simultaneously (all corals release their gametes simultaneously).
9. Explain why internal fertilisation is generally more efficient than external fertilisation.

Investigate
10. Find out more about the reproductive systems and mating behaviours of two different animals. Draw up a 

summary table to describe how are they similar and how are they different.
11. Use the Animal video weblink in the Resources tab to access the National Geographic video site. Type the 

word ‘courtship’ in the search bar to view examples of courtship displays. List some animals that carry out 
courtship displays.

12. Test your understanding of plant reproduction by using the Plant life cycle weblink in the Resources tab 
and complete the drag-and-drop activity.

 Complete this digital doc: Worksheet 13.10: Sexual reproduction (doc-0000)

 Explore more with this weblink: Animal video

 Explore more with this weblink: Plant life cycle

 RESOURCES — ONLINE ONLY

13.10 Where do babies come from?
It’s difficult to believe that you started out as just one cell in your mother’s reproductive tract. Let’s find out 
how it all began, starting with your private parts.

13.10.1 Gamete factories …
Although testes and ovaries may look different, these two organs have the same job. They both make 
gametes.

Sperm are made in the testes of a male when he is sexually mature. Testes hang from the body within 
the scrotum to maintain sperm at a temperature of about 3°C below that of the rest of the body. This tem-
perature difference is essential for successful sperm production. Tight underwear or jeans can increase the 
temperature of the testes and so increase the number of damaged sperm produced.

Ova (the female’s sex cells) are made in the ovaries. Females are born with about 1 million immature 
eggs, or ova, in their ovaries. These eggs are in sacs called follicles. Usually only one ovum (plural = ova) 
is ripened and released into the fallopian tube (or oviduct) each month.

Fallopian tubes are thin tubes that form a tunnel in which the sperm and ovum meet, and are hence the 
site of fertilisation. Damage to these tubes can prevent the sperm and egg from meeting.
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The male reproductive system

HOW ABOUT THAT!

Sperm by the millions
The average amount of semen produced during an ejaculation (about a teaspoonful) contains about 200–500 
million sperm cells! You might think it would take a long time for the testes to make 400 million sperm. Not so. 
Some 200 million sperm cells are manufactured each day by a fertile adult male. That’s around 73 billion sperm 
cells in a year!

Part Function

Testes Produce sperm cells

Scrotum Where the testes are located. Keeps the testes at a slightly lower temperature than body 
temperature.

Vas deferens The tube through which sperm cells travel from the testes to the penis

Prostate gland Secretes some of the liquid that is added to sperm cells to form semen. The fluid secreted 
by the prostate gland is alkaline and contains many chemicals including enzymes. It plays 
an important role in keeping sperm cells alive once they enter the female reproductive 
system.

Seminal vesicle Also contributes some of the liquid that makes up semen. The fluid produced by the 
seminal vesicle contains proteins, enzymes, sugar, vitamin C and other substances. The 
sugar provides a source of energy for sperm cells.

Urethra The tube inside the penis through which semen leaves the male’s body

Penis The penis swells during sexual arousal. Semen containing sperm cells is ejaculated 
(released) from the penis into the vagina.

Parts of the male reproductive system

Bladder

Seminal 
vesicle

Prostate 
gland

Sperm 
duct

(or vas  
deferens)

Urethra

Penis

Testes

Scrotum
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The female reproductive system

Part Function

Ovaries Produce ova. One egg is produced about once a month from one of the ovaries.

Fallopian tubes/
oviducts

Tubes through which ova must travel to reach the uterus. Fertilisation occurs in the fallopian 
tubes.

Uterus Where the baby grows and develops

Cervix The passageway between the vagina and the uterus. During childbirth the cervix needs to 
dilate (open up) to allow the baby to come out of the uterus.

Vagina Semen enters the female’s reproductive system via the vagina. When babies are born they are 
pushed out of the uterus and must pass through the vagina to enter the world.

Parts of the female reproductive system

HOW ABOUT THAT!
Amazing sperm
Sperm cells are less than half a millimetre long. Viewed through 
a microscope lens, spermatozoa (sperm, for short) remind you of 
tadpoles — a big head and a thin, whippy tail. They form in the testes, 
but only when the temperature is just right — a few degrees lower than 
body temperature. This is where the scrotum — a natural thermostat — 
does its job. It shrivels and scrunches up closer to the body when you 
are cold (keeping sperm warmer) and hangs away from your body when 
you are hot (cooling them down).

A sperm cell under a microscope

13.10.2 Sperm meets egg
Healthy adult males produce sperm cells continuously. Females on the other hand produce only one egg 
about every 28 days. If sexual intercourse occurs around the time that this egg is released, a new life may 
begin. During sexual intercourse, semen containing sperm cells is ejaculated into the vagina. The sperm cells 
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swim through the  cervix , into the uterus and up into the fallopian tube. If one of 
the sperm cells meets up with the egg cell and fertilises it, a zygote is formed. 
The semen of a fertile man typically contains more than 20 million sperm cells 
per millilitre. While only one sperm cell can fertilise the egg, it is thought that 
the other sperm cells play an important role in assisting the process of fertilisa-
tion. The sperm cells may in fact cooperate and help each other out on their per-
ilous journey through the female reproductive tract. 

 13.10.3 Twins and more 
 Human beings usually produce only one baby at a time when they reproduce 
naturally. On average, twins are born every 80 or so human births; more rarely, 
triplets are born (one set about every 6000 births).         
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 13.10.4 Not all twins are identical 
 Some twins look very similar but others look no more like each other than any set of siblings. It depends 
whether they are identical or fraternal twins. 

 Identical twins occur when the zygote divides into two identical cells. Instead of those two cells ‘sticking 
together’ and continuing to redivide, they separate and develop into two separate embryos. Because they 
have exactly the same mix of genes (i.e. the same DNA), the twins are the same gender and have the same 
physical appearance. 

 Fraternal twins occur when two separate sperm cells fertilise two separate ova, which are released at 
around the same time (an unusual occurrence). The genetic mix of fraternal twins is different. They are no 
more alike than siblings.       

Identical twins Fraternal twins
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13.10 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Draw a table as shown below. Classify the following organs and list them in the correct column of your table.

fallopian tube, penis, urethra, testes, prostate gland, bladder, uterus, seminal vesicle, ovary, vas deferens, 
scrotum, cervix, vagina

2. Match each organ with its function. There may be more than one organ with the same function.

3. Put the following words into a sentence.
gametes, sperm, ovum, zygote, fertilisation

Think
4. Explain why tight underwear is not recommended for males.
5. Account for the fact that women who have blocked fallopian tubes are not able to have babies.
6. Distinguish between fraternal and identical twins.

Investigate
7. A low sperm count is one possible cause of infertility in males. What else can go wrong with sperm cells? 

Investigate and outline some of the reasons why sperm cells may not be able to fertilise egg cells.

Create
8. Imagine that you are a sperm cell that is released into the vagina and successfully fertilises an egg. Recount 

your trip from the time of ejaculation to fertilisation.

Found in males only Found in females only Found in both males and females

     

     

Organ Function

(a) Seminal vesicle A Produces gametes

(b) Ovary B Where the baby grows and develops

(c) Scrotum C Where fertilisation occurs

(d) Testes D Keeps the testes slightly cooler than the rest of the body

(e) Prostate gland E The passageway between the vagina and the uterus

(f) Uterus F Produces some of the liquid found in semen

(g) Cervix  

(h) Fallopian tubes  

 Complete this digital doc: Worksheet 13.11: Human reproduction (doc-0000)

 RESOURCES — ONLINE ONLY
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  13.11  Womb with a view 
 Babies grow and develop inside the womb for 9 long months. Over that time they change from a bunch of 
cells into a functioning human being equipped with all the organs needed for life outside the uterus. Let’s 
take a look at how it all happens. 

 13.11.1 What happens to a fertilised egg? 
 A short while after the egg is fertilised, the zygote starts dividing. It also continues to travel towards the 
uterus. About 6 days after fertilisation, the zygote may implant itself into the wall of the uterus.               

HOW ABOUT THAT!
Fertilisation does not always happen inside the body. Some couples fi nd it diffi cult to conceive a child naturally. 
There are many factors that can reduce a couple’s fertility. The woman’s fallopian tubes might be blocked, 
or there might be a problem with the man’s sperm. A technique called in-vitro fertilisation, or IVF, can often 
increase the couple’s chance of having a baby. In this procedure, one or more eggs are extracted from the 
woman’s ovary and placed in a dish. Sperm, from either the woman’s partner or a donor, is then added. If 
fertilisation is successful, the egg begins to divide in the dish. After a few cell divisions, the embryo can then be 
placed in the woman’s uterus. If it implants, it can then continue to develop normally in the mother’s womb.

 1  The zygote forms at fertilisation.

 2  The zygote divides into two identical cells about 30 hours after fertilisation.

 3   Each of these two cells divides in two, and so on. Some 72 hours after 
fertilisation, the zygote consists of 16 cells. As the division into more and 
more cells occurs, the zygote continues to move along the fallopian tube. It 
does not get any bigger, just more complex.

 4   About four days after fertilisation, the zygote has become a solid sphere of 
cells called a morula. It is just about to enter the uterus.

 5  The cells in the morula continue to divide and develop in the uterus.

 6   About six days after fertilisation, the cells within the morula have shifted 
themselves around. The inner cells form into a solid mass, which will become 
the embryo. The outer cells will eventually develop into part of the placenta. 
At this point, the former zygote implants itself in the lining of the uterus, called 
the endometrium. (It is this lining, along with blood and mucus, that is shed 
each month during menstruation.)

 1

 2

3

4

5

6

Fallopian tube

Endometrium

Cervix

UterusOvary
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 13.11.2 The placenta — providing womb service! 
 After implantation the placenta begins to form. 
This is a structure that is embedded into the wall 
of the uterus and is connected to the baby by the 
umbilical cord. The baby and the mother do not 
share the same blood supply. In fact it is common 
for a mother and baby to have different blood 
types. The role of the placenta is to allow useful 
substances such as oxygen and nutrients to pass 
from the mother’s blood into the baby’s blood. 
Carbon dioxide and other waste must also pass 
from the baby’s blood into its mother’s so that she 
can excrete these. If the placenta does not function 
properly, the baby may die as it will not receive 
suffi cient oxygen and nutrients, and waste will 
accumulate in the amniotic fl uid (the liquid around 
the baby). 

 Unfortunately, harmful substances including 
medication, drugs, alcohol, caffeine and sub-
stances in tobacco smoke can pass through the 
placenta. When a pregnant woman smokes or 
drinks alcohol, her baby does too. Drinking large quantities of alcohol during pregnancy can result in the 
baby having a condition known as fetal alcohol syndrome. The symptoms vary according to the stage of 
pregnancy during which the alcohol was consumed but may include mental retardation, slow growth, heart 
problems and a particular set of facial characteristics. The exact amount of alcohol needed to cause damage 
is diffi cult to determine. Alcohol can cause serious health effects even in the early weeks of pregnancy 
when a woman may not yet know that she is pregnant. For this reason doctors advise that women do not 
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The average weight of a newborn baby is 3500 g. 
Women who smoke during pregnancy are at greater 
risk of giving birth to an underweight baby.

Some of the facial characteristics that may occur in children with fetal alcohol syndrome
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drink if they are or think they might be pregnant.  Similarly, smoking and drinking large amounts of coffee, 
tea or other caffeinated drinks during pregnancy is not  recommended. The babies of women who smoke 
during pregnancy are more likely to be born underweight and to develop asthma and other respiratory prob-
lems. They are also at greater risk of cot death.           

 13.11.3 Getting bigger 
 The developing baby spends the entire gestation period in a sac within the uterus fi lled with  amniotic fl uid . 
In fact, it does not take its fi rst breath of air until it is born. 

 Eight weeks into the gestation period, the embryo is called a  fetus . It weighs about two grams and is 
about three centimetres long. It can move, and has tiny developing limbs and a distinct head. Its developing 
heart started beating four weeks earlier, when it was about six millimetres long.       

Upper limb

Heart
prominent

Lens placode

Pharyngeal
arches

Tail

Lower limb

A human embryo at 32 days

Ear

Upper
limb

Lower
limb

Eye

Nose

Umbilical
cord

A human embryo at 52 days

 13.11.4 Entering the world 
 Sometimes babies are born by  caesarean section . This may occur if the mother is at risk in giving birth 
naturally, or if the baby is in distress and has to be removed quickly. Most mothers, though, expel babies 
from their uterus through the vagina naturally through a process called labour, described on the next page. 
A healthy full-term (40 weeks) baby is, on average, about 53 cm long and weighs about 3.5 kg.       
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Urinary
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Ruptured
amniotic sac

Rectum

The developing baby

12 weeks About 8 cm long and 18 g in 
weight. Can swallow and move head. Eyes 
are closed, but formed. Gender is evident.

16 weeks About 18 cm long and weighs 
about 120 g. Has a unique fingerprint and 
the ability to cry (if not immersed in fluid!).

20 weeks About 25 cm long and 450 g in 
weight. Moves about and kicks, when not 
sleeping. Has hair on its head.

24 weeks About 30 cm long and 700 g in 
weight. Has fine eyebrows. Shifts around 
often, kicking its legs and somersaulting. 
All internal organs now fixed in position.

28 weeks About 40 cm long and 
1.2 kg in weight. Cerebral cortex 
of the brain (the part that enables 
thinking) is developing. Has toenails 
and fingernails, and body fat starting 
to form. May survive if born now 
(as a premature baby) with  
intensive medical care.

32 weeks About 45 cm long 
and 2 kg in weight. Most 
are head down now. Can 
hear sounds, including the 
mother’s heartbeat.

36 weeks About 50 cm long 
and 3.3 kg in weight. Body fat 
increases. Heart rate almost 
twice that of an adult human. 
May suck its thumb.

First stage
Uterus begins to contract at regular intervals, which get closer and closer together. These contractions begin 
pushing down on the baby.

At some point, the sac holding the amniotic fluid breaks; the fluid leaks out of the  mother’s vagina.
As contractions continue, the cervix stretches open more and more, until it is about 10 cm wide.
This stage can last for many hours,  especially for first-time mothers.

Second stage
The mother gets a fierce urge to push (a bit like with a bowel motion) every time the uterus contracts. Bit 
by bit, this pushes the baby further down the vagina (birth canal).

 4 8   12 16 20 24 28 32 36 (weeks)
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Most babies appear head first; those that come out feet first (or bottom first) — called breech babies — 
are more difficult and risky to deliver.

Placenta

Uterus

Placenta

Umbilical
cord

Third stage
The placenta is delivered after the baby is born. By this stage of the pregnancy it is a flattish, dinner-plate-
shaped organ that looks a bit like a large piece of liver.

13.11 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Construct a timeline, drawn to scale, that shows the events listed below. Some of the events may be 

shown as a time range (for example ovulation could occur before or after sexual intercourse).
fertilisation, zygote consists of 16 cells, birth, sexual intercourse, ovulation, zygote implants in uterus, 
zygote divides into two cells, zygote has become a morula and enters the uterus

2. Describe the role of the placenta in the baby’s development.
3. Outline what a caesarean section is and why it may be necessary.
4. Unscramble the order of words in the following sentence so it reads correctly:

with The sac gestation spends the period entire a in developing the filled uterus amniotic within fluid baby.

Think
5. Look very carefully at the two photographs of human embryos. Use these to help you describe what 

obvious physical changes occur in a human embryo between days 32 to 52 of its development.
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6. You might have heard women describing their labour use the expression ‘my water broke’. Describe what 
this actually involves.

7. Study the graph. Knowing that an average baby weighs 3500 g at birth, interpret the data shown in the 
graph. Write at least two sentences that explain what the graph shows.

Discuss
8.  Propose some strategies that the NSW Department of Health could put into place to try to reduce the 

number of babies born with fetal alcohol syndrome and conditions caused by smoking during pregnancy.
9. The percentage of babies delivered by caesarean section has increased over the last 10 years in Australia. 

Suggest why this might be the case.

Investigate
10. Find out which substances apart from alcohol and cigarette smoke are considered teratogenic (teratogenic 

substances can cause harm to unborn babies). Summarise the information you gather.
11. Find out how an ultrasound machine works. Evaluate the benefits of carrying out ultrasound scans during 

pregnancy.

 Complete this digital doc: Worksheet 13.12: Inside the womb (doc-0000)

 RESOURCES — ONLINE ONLY

13.12 Review
13.12.1 Cell division
 • give examples of organisms that reproduce by binary fission 13.2
 • describe mitosis 13.2
 • outline some reasons why cells need to divide 13.2

13.12.2 Cancer research
 • define the terms ‘cancer’, ‘tumour’, ‘malignant’ and ‘benign’ 13.3
 • outline the cause of skin cancer and describe some strategies to reduce your risk  

of skin cancer 13.3
 • outline examples of current scientific research aimed at addressing health issues 13.3

13.12.3 Plant structure and function
 • describe the structure and function of plant roots 13.4
 • describe the structure and function of plant stems 13.4
 • distinguish between xylem and phloem tissue 13.4
 • describe the structure and function of leaves 13.5
 • outline the role of stomata in plant leaves 13.5

13.12.4 Photosynthesis
 • recall the word equation for photosynthesis 13.5
 • explain why plants need to photosynthesise 13.5
 • interpret the results of experiments relating to photosynthesis 13.5
 • extract information from a timeline outlining some of the research carried  

out to investigate photosynthesis 13.5
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13.12 Review 1: Looking back
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1. Recall how bacteria reproduce.
2. Outline two reasons why mitosis occurs in the human body.
3. After a series of medical tests, Betsy’s mum was told that she had a benign tumour in her brain. Explain 

what is meant by a benign tumour and justify why the tumour may need to be removed despite being 
benign.

4. Making advances in the prevention, detection and treatment of cancer are important goals for science. Give 
two examples of recent developments in this area of scientific research.

5. Write a word equation for photosynthesis.
6. Recall what happens to the sugars made in photosynthesis.
7. Write down in your notebook which letter in the following diagram corresponds to each of these terms.

ovules, sepals, filament, style, stigma, ovary, anther, petals, stamen, carpel

13.12.5 Science investigation skills
 • design, carry out and write a report about a scientific investigation involving  

seed germination or plant growth 13.8
 • distinguish between independent, dependent and controlled variables 13.8

13.12.6 Reproduction
 • contrast sexual and asexual reproduction 13.2
 • describe fertilisation 13.6, 13.9, 13.10
 • contrast internal and external fertilisation 13.9
 • recall the names and functions of the parts of flowers 13.6
 • describe the life cycle of flowering plants 13.6, 13.7
 • recall the names and functions of the organs of the male and female human  

reproductive systems 13.10
 • explain the role of the placenta 13.11
 • outline some changes that occur to a fetus as it develops inside the womb 13.11
 • describe the birth process in humans 13.11

Individual pathways

 U ACTIVITY 13.1
Revising growing and multiplying
doc-10577

 U ACTIVITY 13.2
Investigating growing and 
multiplying
doc-10578

 U ACTIVITY 13.3
Investigating growing and 
multiplying further
doc-10579

  ONLINE ONLY

FOCUS ACTIVITY
Create a picture book for a 9- or 10-year-old child that explains where babies come from. Use language that the child 
would understand, and make sure the text and images are age appropriate.

Access more details about focus activities for this topic in the Resources tap. (doc-10576)
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8. Defi ne the following terms in your own words.
gamete, amniotic fl uid, zygote, placenta, fetus, embryo, ovulation, fertilisation

9. (a) Identify the parts labelled A–N in the diagrams below.
(b) Write the functions of the parts labelled B, D, F, G, H, J, K and M in the diagrams below. Present your 

answers in a table.

The male reproductive system

The female reproductive system

J
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G

AF

I

E

D

B

C

A

B

C

D

E
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10. Charlotte wanted to fi nd out if temperature affects the growth of plants. She bought four seedlings. She 
put one seedling in the fridge and one in her garage (which has no windows so is dark and cooler than her 
house). She put the third seedling on the windowsill (in full sun) and the fourth seedling on her desk (out of 
the sun but in daylight). Charlotte measured the height of each seedling every day for 10 days. Her results 
are shown in the table below.
(a) Write an aim for Charlotte’s experiment.
(b) Suggest three improvements to Charlotte’s experiment.
(c) Graph Charlotte’s results.
(d) Write a conclusion for this experiment.

Position Day 
1

Day 
2

Day 
3

Day 
4

Day 
5

Day 
6

Day 
7

Day 
8

Day 
9

Day 
10

Fridge 5.0 5.5 6.0 6.2 6.6 7.0 7.3 7.5 7.7 8.0

Garage 5.0 5.6 6.2 6.6 7.0 7.3 7.6 7.9 8.4 8.8

Windowsill 5.0 6.0 6.7 7.5 8.0 8.5 9.0 9.6 10.2 10.6

Desk 5.0 5.8 6.3 7.0 7.5 8.0 8.5 9.1 9.6 10.0

11. Decide which of the following statements 
are true or false, and explain why.
(a) Sexual reproduction results in offspring 

that are identical to their parents.
(b) Humans are the only animals to 

undertake sexual reproduction.
(c) When a male gamete and a female 

gamete fuse, a zygote is formed.
12. Label the parts A–G in the diagram at right.
13. Explain the following phrases or words in 

the context of the birth of a baby.
(a) The cervix dilates
(b) The water breaks
(c) Contractions

14. Draw lines to match the entries in the table 
correctly.

Stage Typical developmental indicators

20 weeks Has fi ne eyebrows and all internal organs are now fi xed in their fi nal position

36 weeks Weighs about 120 g; has a unique fi ngerprint

8 weeks About 25 cm long, with hair forming on head

16 weeks About 50 cm long and more often than not is now head down in the mother’s pelvis

24 weeks About 3 cm long, with tiny, developing limbs

15. What is the difference between asexual reproduction and sexual reproduction? Give examples.
16. Explain what processes each of the following organisms use to reproduce asexually.

Developmental stages of human embryo/fetus

Heights (cm) of seedlings

D

A

B

C

E

G

F
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Test yourself
1. Which of the following statements is correct?

(A)  Water moves up and down the stem of a plant in the xylem tubes.
(B)  Phloem tissue takes sugars from the roots to the leaves of plants.
(C)  Phloem tissue takes water from the leaves to other parts of the plant.
(D)  The movement of water from the roots to the leaves occurs in xylem tubes. (1 mark)

2. What is the name of the part labelled A in the diagram below?

A

(A) Stamen
(B) Style
(C) Stigma
(D) Ovule (1 mark)

Mexican hat plant (Bryophyllum 
diagremontianum)

Magnifi ed baker’s yeastFlatworm

3. Which of the following fl ow charts shows the stages of the life cycle of a fl owering plant in the correct order?

Flower 
formation

Pollination

Fertilisation

Seed dispersal

Fruit formation

Germination

Growth

Flower 
formation

Fertilisation

Pollination

Germination

Fruit formation

Seed dispersal

Growth

Growth

Flower 
formation

Fertilisation

Fruit formation

Pollination

Germination

Seed dispersal

Germination

Growth

Flower 
formation

Fruit formation

Seed dispersal

Pollination

Fertilisation

A B C D
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4. Which of the following is NOT an example of asexual reproduction?
(A)  A shrub that is grown from a cutting of another shrub 
(B)  Sowing the seeds of bean plants that have been collected during the previous year’s harvest. 
(C)  A garlic plant that is grown from one of several bulbs that are produced by another garlic plant
(D)  Growing an African violet plant from the leaves of an existing plant  (1 mark)

5. Which of the following shows the correct sequence?
(A)  fertilisation → ovulation → implantation → zygote divides to form a blastocyst → placenta forms → 

growth and development → birth
(B)  implantation → fertilisation → zygote divides to form a blastocyst → placenta forms → ovulation → 

growth and development → birth
(C)  ovulation → implantation → fertilisation → growth and development → zygote divides to form a  

blastocyst → placenta forms → birth
(D)  ovulation → fertilisation → zygote divides to form a blastocyst → implantation → placenta forms → 

growth and development → birth  (1 mark)
6. Use your knowledge of plants to explain the following.

(a)  It is possible to grow plants without soil (hydroponically) as long as certain nutrients  
are added to the water.  (1 mark)

(b)  Some farmers find that their orchards produce more fruit if there are beehives near the orchard.  (1 mark)
7.  Variegated leaves are green in some parts and yellow in other parts. The yellow parts of the leaves  

do not contain chlorophyll. Predict whether photosynthesis would occur in the yellow parts of the  
leaves.  (3 marks)

 Complete this digital doc: Worksheet 13.13: Reproduction puzzle (doc-0000)

 Complete this digital doc: Worksheet 13.14: Plants puzzles (doc-0000)

 Complete this digital doc: Worksheet 13.15: Reproduction summary (doc-0000)

 Complete this digital doc: Worksheet 13.16: Plants summary (doc-0000)

 RESOURCES — ONLINE ONLY
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