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Overview
The flowering plants are the angiosperms, one of the 
four main groups of plants.

Plants are distinguished from all other groups of living 
things by the process of photosynthesis, in which 
water and carbon dioxide are joined using solar energy 
to produce food (in the form of sugars and starches) for 
the plant. The main site of photosynthesis is the leaves.

There are two types of angiosperms:
• monocotyledons – e.g. cabbage trees, flax, wheat, dandelions, all grasses
• dicotyledons – e.g. apple trees, rose bushes, hibiscus, pöhutukawa, köwhai.

Angiosperm Leaves Stems Flowers

Monocotyledons

Includes all the grasses, 
lilies, orchids

Leaves are typically long 
and thin, with parallel 
veins (the transporting 
xylem and phloem) along 
their length

Vascular bundles (of 
xylem and phloem) are 
scattered throughout the 
width of the stem, and 
there is rarely secondary 
growth of the stem

Flowers typically have 
parts arranged in threes 
(or multiples of three). 
Seed has only one seed 
leaf or cotyledon

Dicotyledons

Most of the angiosperms

Leaves are typically 
broad and have a 
network of veins

Vascular tissue is arranged 
in a circle around the 
stem, and secondary 
growth of the stem occurs

Flowers typically have 
their parts in fours 
or fives (or multiples 
thereof); seed has two 
seed leaves or cotyledons

With a few exceptions, the content of this chapter will refer to dicotyledons only.

The other main plant 
groups are mosses / 
liverworts; ferns; and 
conifers – AS 90928 
(Biology 1.4) relates 
only to angiosperms.

Köwhai flowers
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The general structure of a dicotyledon angiosperm follows.

Flowers – the reproductive organs

Leaves – the site of photosynthesis

Stem (or trunk in a tree) – provides support for the leaves and flowers 
and holds them aloft to increase exposure to the Sun (photosynthesis) 
and to pollinators (reproduction) and increase the range of seed 
dispersal. Stem also transports food, water, minerals between leaves, 
flowers and roots using specialised cells (the xylem and phloem)

Roots – anchor the plant in the soil and obtain water 
and minerals for the plant from water in the soil

Setting the scene
In AS 90928 (Biology 1.4), the biological 
ideas associated with the life cycle of 
flowering plants include how and why the 
following processes occur:
• asexual reproduction
• sexual reproduction
• seed dispersal and germination
• plant growth
• photosynthesis.

Environmental factors that may affect the 
processes include temperature, moisture, 
light intensity, wind and oxygen.

Checkpoints
Throughout AS 90928 (Biology 1.4) you will encounter numbered Checkpoints. These are for you 
to review and check your understanding of the important concepts/ideas that have been covered. 
Work with a partner (or small group) and take turns to answer the questions in the bullet points.

When all in your group have agreed that the responses are correct, write in your own words (this shows 
understanding – copying from the textbook or workbook does not) a summary of the topic in which you give 
definitions / examples / explanations. Writing things down will consolidate your learning and provide good study 
notes for exam purposes (keep the summaries in your work records). It may be an idea to show your summary to 
your teacher for his/her feedback on accuracy and completeness, especially for the more difficult topics.

It is recommended that you repeat this exercise prior to your school exams and prior to the end-of-year 
external exams.

Throughout this book are many recommended practical 
investigations that involve making slides for viewing under the 
microscope. Your teacher will provide instructions for you on how to:

• prepare material for viewing using a microscope slide

•  focus your microscope so that you can view the material under 
all magnifications (from 40× to 400×)

•  make a biological drawing to show and label the important 
features of the material.

These investigations will not only add to your knowledge of plants, 
but will provide essential practical skills for L2 Biology next year, 
especially for AS 91156 (Biology 2.4) and AS 91160 (Biology 2.8).
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NCEA exemplar questions
Throughout AS 90928 (Biology 1.4) you will encounter NCEA exemplar questions. Write your answers on 
your own paper and include this material in your work records.

Work records
It is important that you keep complete and ordered work records (these may be electronic or hardcopy; you may 
find it helpful to also include photos of the practical work that you do) as well as completing all the work in this 
book with accurate, checked and corrected answers. Your word records will have your content from the Checkpoints 
in this book as well as additional activities and content from other sources. The content of your work records 
and this book provide the essential information for studying and success in your exams throughout the year and 
for your AS 90928 exam at the end of the year. Do not discard your records at the end of the year – keep them 
for background content for Level 2 Biology (e.g. AS 91155 (Biology 2.3), AS 91156 (Biology 2.4) and AS 91160 
(Biology 2.8)) and Level 3 Biology AS 91603 (Biology 3.3)).

NCEA exemplar questions are provided throughout this book to test your understanding of a topic and to 
provide you with practice on writing discussions. While answers are provided, it may be helpful for you to also 
show your answers to your teacher to get feedback on the likely Achievement level of your answer – e.g. are you 
linking ideas (descriptions and explanations) to form an in-depth/comprehensive account required for ‘Excellence’?

Write your answers to these questions on your own paper, and include in your work records.

Describe / Explain / Discuss
Describing, explaining and discussing ideas show different levels of understanding equating to ‘Achievement’, 
‘Merit’ and ‘Excellence’, respectively, in NCEA.
•  Describe means to define, or provide the characteristics of, or give an account of; it may involve annotated 

diagrams.
• Explain means to provide a reason or say why or how something happens.
• Discuss means to link ideas (descriptions and explanations) to comprehensively explain a concept. It may 

include evaluating, comparing, analysing, justifying. A discussion requires the use of linking words.

Examples of linking words include and, because, but, however, since, so, then, which, while, consequently, 
subsequently.

Examples of linking words phrases include as a result of, as well as, in order to, so that, this can lead to, together 
with, compared with, this explains why, which means that, this results in.

Bullet points, a useful way of providing important ideas and concepts (and are used throughout this book), 
can show the sequence of events involved (e.g. in plant fertilisation), or the sequence of events involved in 
secondary growth, etc. However bullet points do not form a discussion as they do not link ideas and concepts. 
Therefore, throughout this book, you will find that you are asked to explain/discuss a bullet point topic using 
your own words. This is very important as being able to describe/explain/discuss using your own words 
shows understanding (repeating bullet points, copying text do not show understanding). Once you have learnt 
the essential concepts of a topic (e.g. pollination, fertilisation, photosynthesis), you should practice writing 
descriptions and explanations of them in your own words, then writing a linked account so that you have 
provided a discussion. Show your discussion to your teacher for their feedback.
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Reproduction

Asexual reproduction
Asexual reproduction involves only one parent therefore the offspring are all genetically identical to each other 
and the parent. Asexual reproduction in angiosperms is also known as vegetative reproduction; it involves 
production of new plants without the use of flowers and the making of seeds (therefore does not use the processes 
of pollination and fertilisation). Many angiosperms that reproduce sexually using flowers also reproduce asexually 
at a different time of the year.

Asexual reproduction is a quick and energy-saving method of reproduction as there is no need to make flowers, 
pollen, fruit, and seeds. Large numbers of new plants are produced, which typically grow close to the parent.

Plants display a range of different methods of asexual reproduction, including runners or stolons, tubers, bulbs, 
corms and rhizomes.

Asexual plant reproduction (1)
The following table shows examples of methods of asexual reproduction. Above the table is a list of descriptions 
of the methods. Do a quick bit of research if necessary, then use the list to complete the table.

Description of method
• Horizontal shoots growing above ground produce new plants at the tips.
• Swollen underground leaves.
• Swollen underground stems with buds (eyes); or swollen roots (tuberous roots).
• Vertical swollen stems, below ground.
• Horizontal stems growing below ground produce new plants.

Diagram Description of method Plant examples

Bulb

leaves

short stem

 Daffodil Onion

Corm

swollen
stem

 Crocus Gladiolus

Answers
p. 83
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Runner

parent plant

runner
young
plant

 Strawberry Buttercup

Stem tuber and tuberous root

bud

 Potato Kümara

Rhizome

foliage leaves

stem

 Iris Ginger

In addition to the above methods, in some species new plants can grow from part of a plant – e.g. new 
dandelions are able to grow from parts of a broken main root.

Hobby and commercial gardeners use a range of artificial asexual techniques – such as taking cuttings, grafting, 
tissue culture – to produce new plants.

Growing a new plant from part of a plant using the technique of taking a cutting can be easily demonstrated ...
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   Investigation 1 – Taking a cutting

From a geranium plant, select a healthy stem which has several leaves. Geraniums are common garden plants and 
your school may have them growing in beds or tubs for you to use – geraniums will be used in investigations 
throughout this book.

Cut the stem cleanly and place it in a beaker or jar of water. Leave in a sunny place for a week or two (this could 
be done in your classroom/laboratory or at home) and observe what happens; in your work records, record or 
photograph your observations and write descriptions. Plant your cutting in moist soil in a tub or garden bed and 
watch it grow and flower – from asexual reproduction to sexual reproduction!

Cutting placed in a jar of water Cutting a month later – extensive root 
growth seen coming from a node on 

the stem and new leaves formed

Many different types (cultivars) of apple are grown commercially in New Zealand, with grafting a common 
technique used by growers.

Young apple branches grafted onto a mature stump; 
the new branches grow rapidly

New Zealand native trees such 
as rimu and tötara are slow 
growing. Researchers recently 
discovered how to grow these 
trees from cuttings taken from 
parent trees instead of having to 
use seeds, enabling trees to be 
grown much faster and in larger 
amounts. A large plant nursery 
is being established in the Bay 
of Plenty to produce such trees 
to allow restoration of native 
forests (such as Whirinaki) to 
occur much more rapidly.
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Asexual plant reproduction (2)
1. Do some quick research and find out how and why grafting is used in apple production. Using your own 

words (this shows understanding), summarise the results of your research on your own paper and hand to 
your teacher for feedback. Include this material with your work records.

2. Strawberry plants reproduce asexually using runners.

strawberry runner

 a. Describe two advantages to a strawberry plant of using asexual reproduction.

(1)

(2)

 b. Describe one disadvantage to a strawberry plant of using asexual reproduction.

3. Give two reasons why commercial breeders use asexual reproduction techniques.

(1)

(2)

4. Asexual reproduction results in all offspring being identical to one another as well as to the parent.
 a. Explain why all the plants are identical.

 b. Describe a possible advantage of all the plants being identical.

 c. Describe a possible disadvantage of all the plants being identical.

Answers
p. 83
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Checkpoint: Asexual reproduction
Work with a partner (or small group) and take turns to:
 define or describe asexual reproduction
 describe five methods of asexual reproduction in angiosperms, and, for each method, give two 

examples of plants that use the method
 explain two advantages and one disadvantage of asexual reproduction.

When all in your group have agreed on the responses, write in your own words a summary of the topic in 
which you give definitions / explanations / examples. Show your summary to your teacher for feedback if 
necessary, and keep it in your work records for future study purposes.

Sexual reproduction
Sexual reproduction involves two parents (a male and a female), therefore the offspring are all genetically 
different from one another and from the parents. Sexual reproduction in angiosperms takes time, and involves the 
following processes:
• production of flowers
• production of pollen
• pollination
• fertilisation
• production of fruit and seeds
• seed dispersal and germination.

The flowers of many plants have both male and female reproductive 
organs within the one flower (known as ‘perfect’ flowers!).

Flowers are the reproductive organs of angiosperms and plants 
expend much energy and materials in producing them. The essential 
function of flowers is to produce the male and female gametes 
(sperm and ova). In addition to this, flowers of many plants are 
adapted to attract animal pollinators; many flowers also assist in 
fruit formation and seed dispersal.

All flowers have the same essential structures, but they may appear different depending on, for example, the size 
of the structures and how they are arranged, and/or the method of pollination used.

The downside of asexual reproduction ...
The most common variety of banana is the Cavendish, with 100 million 
tonnes grown annually in 120 countries. All Cavendish are grown asexually 
from shoot cuttings, therefore are identical; Cavendish are no longer 
capable of sexual reproduction. A disease that is capable of wiping out one 
Cavendish plant could therefore destroy all Cavendish plants.

In 2016, the fast-advancing disease the ‘Sigatoka Complex’ (made up 
of three different fungal diseases) was identified as a potentially lethal 
threat to the supply of bananas. If the complex cannot be controlled, the 
Cavendish banana crop could be wiped out within 10 years.

Some plant species have male flowers 
and female flowers on separate plants 
(e.g. kiwifruit), other species have male and 
female flowers on the same plant (e.g. corn). 
Only plants that produce flowers containing 
both male and female reproductive organs 
will be studied in AS 90928 (Biology 1.4).
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The female part of the flower is the carpel, made up of the:
• stigma – traps pollen by being sticky
• style – holds up the stigma to increase chances of trapping pollen
• ovary – contains the ovules or female gametes.

The male part(s) of the flower are the stamen, made up of the:
• anther – produces pollen which contain the male gametes or sperm
• filament – holds up the anthers to increase chances of shedding pollen outside the flower.

A flower will typically have one 
carpel and many stamen; some 
flowers have the stamen and 
carpel combined rather than 
separate.

Alongside is a simplified, cutaway 
drawing showing the essential 
structures of an insect-pollinated 
flower, annotated to give the 
function of each part.

   Investigation 2 – Dissecting a flower

Your knowledge of the structure of flowers will be helped by examining a variety of common flowers. You or your 
teacher will need to collect several different flowers sufficiently large and simple in form that the structure is clearly 
shown – a walk around the local garden centre would be helpful! Examples include kowhai, fuchsia, lily, poppy, 
tulip, hellebore, camellia, geranium, freesia, polyanthus – availability will depend on the season. When pöhutukawa 
are in flower they make a good study – a pöhutukawa ‘flower’ is made up of many tiny ‘flowers’, each with a carpel 
and several stamen set in a small cup of nectar – taste this to see how sweet it is – great food source for pollinators!

‘cups’ 
contaning 
nectar

Hellebore Red poppy Pöhutukawa

You will need a sharp knife or razor blade and a bench / wooden board. A hand lens or magnifying glass will be 
helpful too (check to see if your school has binocular microscopes – they are excellent for work like this).
1. Select a flower, and, with the help of the simplified, cutaway drawing diagram (see above), identify and count 

the number of:
 • sepals     • petals     • stamen     • carpels.

ovary 
produces ovules nectary – makes nectar/scent

to attract insects

sepal – typically green,
protects the flower bud

style – holds
up stigma

stigma – sticky
to catch pollen

petal – brightly coloured 
to attract insects

anther – 
produces pollen

filament –
holds up anther

stamen
(male)carpel

(female)

Answers
p. 83
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2. Carefully cut the flower in half lengthways onto the bench/board (so that it resembles the simplified, cutaway 
drawing of the flower). Try to identify the two parts of the stamen and the three parts of the carpel. Look closely 
around the base of the carpel and flower to see if a nectary is present. Repeat this for two or three different flowers.

 Draw and label the main parts for one of the flowers.

Name of flower

Number of sepals

Number of petals

Number of carpels

Number of stamen

3. Compare two or three flowers that you or others have examined, recording any differences between them. 
Write one or two paragraphs comparing two or three flowers that you or others have examined, recording 
any differences between them.

Flower structure
1. a.  On the drawing of a flower, circle or colour in the male parts one colour and the female parts another colour.

Flower

➊

➋

➌

➍

➎

➏

➐

➑
➒

➓

Answers
p. 83
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Answers

Asexual plant reproduction (1) (page 4)

Method Description of method

Bulb Swollen underground leaves.

Corm Vertical swollen stems, below ground.

Runner Horizontal shoots growing above ground produce new 
plants at the tips.

Stem tuber and 
tuberous root

Swollen underground stems with buds (eyes); or 
swollen roots (tuberous roots).

Rhizome Horizontal stems growing below ground produce new 
plants.

Asexual plant reproduction (2) (page 7)
1. No answer – student-centred response.

2. a. Any two of the following.
 • Large number of new strawberry plants produced quickly.

Allows the plant to produce more offspring to take 
advantage of favourable conditions – e.g. good rainfall, 
long sunlight hours – so increased chances of survival 
and growth of offspring.

 •  New strawberry plants grow close to parent plant – the 
offspring have same survival and growth chances as parent 
(as they grow in same conditions) and since parent is 
surviving and reproducing, chances are conditions will also 
suit offspring surviving and reproducing.

Also, strawberry plants can effectively colonise the 
area around the parent, reducing the chances of other 
plants growing in that area therefore removing potential 
competition.

 •  As there is no need to produce flowers, pollen and seeds, 
the plant saves on energy demands and need for nutrients.

Energy and nutrients can then be used for other essential 
plant processes.

b. Any one of the following.
 •  Strawberry plants all identical to one another and to the 

parent – results in lack of genetic diversity.

Lack of genetic diversity reduces the plants’ chances of 
surviving an environmental change, especially the arrival of 
a new disease/pathogen which may kill off all the plants.

 •  As the offspring grow close to each other and the parent, there 
will be competition for sunlight/water/nutrients/living space.

Competition may stunt the growth of plants / reduce 
survival chances.

3. •  Offspring all identical to one another and to the parent, so have 
the same favourable trait(s) as the parent.

Example – apples produced by plants will all be crisp and/or 
full of flavour and/or juicy.

 •  Offspring are produced rapidly (no need for flower and fruit 
production), so time taken to get plants to produce apples is reduced.

4. a.  As there is only one parent (not two), all genes passed on are 
identical to that of parent.

If two parents, then offspring get a mix of the sets of genes from 
both parents so offspring vary from one another and from the parent.

b. Plants all have the same ‘successful’ genes as their parent.

Having the same ‘successful’ genes as their parent means 
offspring have good chance of surviving and growing and 
reproducing in the same environment.

c. All plants are at risk of an environmental change, especially 
a new disease – if one plant is affected then all are equally 
affected, such that all plants may die.

See side bar on Cavendish bananas, page 8.

Investigation 2 – Dissecting a flower (page 9)
3. Comparison depends on flowers dissected, but should include reference 

to number, size, colour of the petals; number, size, colour of the sepals; 
presence or absence of a nectary; numbers and arrangement of carpels 
and stamen; detailed structure of carpels and stamen (if possible).

Flower structure (page 10)
1. a.  

male parts

female parts

b.

N
um

be
r

Name of 
part Function of part

➊ Pollen Contains the male gametes.

➋ Anther Produces pollen.

➌ Filament Holds up anther.

➍ Stamen Male part of flower.

➎ Sepal Protects petals or bud.

➏ Nectary Produces nectar to attract insects or birds 
(in animal-pollinated flowers).

➐ Ovary Produces ovules containing female 
gametes.

➑ Style Holds up stigma.

➒ Stigma Place where pollen lands (pollination).

➓ Pistil/carpel Female part of the flower.

Petal
Protects stamen and pistil. In insect-
pollinated flowers is brightly coloured to 
attract pollinators.

2. Flowers are where gametes are made; they attract pollinators or are 
structured for wind pollination so pollination can take place; produce seeds.
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3. a.  If a flower is animal pollinated, the animal will pass over the 
anthers when it visits the flower (to feed on the nectar), in the 
process increasing its chances of collecting pollen from the 
surrounding anthers.

b. A flower needs to produce large amounts of pollen because 
pollen is easily ‘lost’ as the animal goes to a different species of 
plant, brushes against objects, etc. – therefore, a large number 
of anthers are needed to produce a large amount of pollen to 
increase the chances of successful pollination (and subsequent 
fertilisation / seed production).

Pollination (page 14)
1. a. i. cross-pollination   ii.   self-pollination

b. In cross-pollination, the male and female gametes come from 
different plants therefore the seeds formed have a mix of genes from 
two different parents. In self-pollination, the genes come from the 
same parent therefore the seeds formed have genes from only one 
parent; this reduces the potential genetic diversity of the offspring.

2. ➊ anther ➋ ovary ➌ ovules ➍ sepal 
➎ stigma ➏ stigma ➐ anther

3. a. Features of animal-pollinated flowers
 • Flowers often large and brightly coloured.
   Explanation – Large size and bright colours attract insects 

or birds, which are the pollinators.
 • Stigmas and anthers often inside the flower.
   Explanation – Pollinators have to enter flower to get nectar 

or pollen. As they do, pollen on their bodies rubs onto the 
stigma of the flower.

 • Produce nectar and scent.
  Explanation – To attract pollinators.
 • Pollen large with rough surface.
  Explanation – Pollen sticks to the body of the insect or bird.
 • Small amounts of pollen made.
   Explanation – There is a good chance the pollen will be 

transferred to a stigma, so reduces energy spent by the 
plant in making pollen.

b. Features of wind-pollinated flowers
 • Flowers often small; dull colours.
   Explanation – Flowers not needed to attract pollinators, so 

energy not wasted producing large, coloured flowers.
 • Large amounts of pollen produced.
   Explanation – Much pollen is wasted as it never reaches 

another flower, so plant must produce plenty to increase 
the chance that some will reach another flower.

 • Stigmas and anthers often hang outside the flower.
   Explanation – To ensure that as much pollen as possible is 

blown away by wind from the anthers and to increase the 
chance that pollen will meet and stick to the stigmas.

 • Pollen small with smooth surface.
   Explanation – Small size so pollen very light, smooth to 

reduce drag when blowing in the wind. This helps pollen 
travel a long way from the parent plant.

 • Do not produce nectar and scent.

   Explanation – Plant does not have to attract insects or birds to 
spread pollen, so doesn’t waste energy making nectar or scent.

4. Flower type 2.

5. Pöhutukawa flowers are animal pollinated as they are brightly coloured 
(red) and have a (obvious) nectary full of (sweet) nectar. In addition, the 
stigma is not feathery and does not hang out of the flower; the anthers 
are on short filaments, and also do not hang out of the flower.

6. Animal pollinators (such as bees) are typically accidental pollinators as 
they are lured to the flower by showy petals, sweet nectar, etc.

In this example, a male solitary bee is attracted to what appears to 
be a female bee – the male will attempt to mate with the ‘female 
bee’ and in doing so, spread pollen between flowers.

 When animal pollinators feed on nectar, they accidentally brush against 
the anthers and collect pollen. When they visit the next flower to get 
nectar, some of this pollen will brush against the stigma of the new 
flower – pollination has occurred.

7. a.  Advantages – plant does not expend large amounts of energy 
and nutrients in producing large colourful petals.

Energy and nutrients can go into other plant processes, 
including growth.

   Disadvantages – large amounts of pollen have to be produced 
as the chances of the pollen reaching a suitable stigma are much 
less than in animal pollination – therefore much wastage (of 
energy and nutrients).

b. Advantages – less pollen needs to be produced; chances of 
pollination much higher than in wind pollination.

Saving on energy and nutrients can be used for other plant 
processes.

   Disadvantages – flowers need to have large colourful petals and 
a nectary with nectar – requires large amounts of energy and 
nutrients.

Energy and nutrients can’t be used for other plant processes.

8. Wind pollination because in the female plant, the stigmas are feathery and 
hang well outside the small petals. In the male plant, anthers also hang 
outside the petals. This means that mature pollen from the anther can easily 
get blown away by wind and will be caught in a feathery stigma hanging 
out of female flower. Also, the flowers are very small – only 5 mm long.

9. Wind-pollinated flowers are small and green but produce much small, 
smooth, light pollen that can be carried easily by the wind. The flowers 
have anthers that are exposed to the wind so pollen can be released 
into the wind and large feathery stigmas so pollen in the wind can be 
caught on the stigma, grow down into the ovary and fertilise the ovule.

 In contrast, insect-pollinated flowers often have large coloured petals to 
attract insects carrying pollen that is sticky and rough so it sticks to the 
insect’s body. Insect-pollinated flowers also contain nectar at the base 
of the flower so the insect moves over the stigma to get to the nectar, 
during which pollen is transferred from the insect’s body to the stigma.

Fertilisation (1) (page 19)

pollen grain

pollen tube

sperm

site of fertilisation

stigma

style

site of pollination

ovary

ovule

Fertilisation (2) (page 21)
1. a.  The transfer of pollen from the anthers to the stigma (of the carpel) 

where the pollen grains will stick (then form the pollen tube).

b. Occurs when pollen is transferred between anthers and stigma of 
flowers on the same plant.

c. Occurs when pollen is transferred between anthers and stigma of 
flowers on different plants.

Plants must be of the same species.

d. Fusion of the male gamete (sperm) and the female gamete (ovum).

Occurs in the ovary of the carpel.
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