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Achievement Standard 90927 
Demonstrate understanding of 
biological ideas relating to 
micro-organisms

BIOLOGY

1.3
Externally assessed 4 credits

Micro-organisms

Bacteria, fungi (yeasts and moulds) and viruses are all micro-organisms.

Comparative sizes of micro-organisms

mould cell
often larger
than 40 μm

animal cell
10 μm

animal nucleus
2.8 μm

yeast cell
5 to 8 μm bacteria cell

(rod) 2 to 3 μm

bacteria cell
(coccus) 1 μmvirus
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Bacteria
Very small, single-celled organisms. Found in air, water, soil and food, as well as inside and outside all living 
organisms.

Require moisture, food and warmth (different bacteria are suited to different temperatures). Some are 
aerobic (require oxygen), while others are anaerobic (do not require oxygen).

capsule

flagellum

cytoplasm

cell wall

plasma membrane

genetic material
(DNA)

Reproduce by binary fi ssion (splitting in two). In good conditions they can reproduce every 20 minutes. 
Growth rates can be slowed down by lack of food or space, unsuitable temperatures, or a build-up of 
toxins excreted by the bacteria.

Saprotrophic/saprophytic bacteria are decomposers that feed on dead organisms and wastes (urine and 
faeces). Pathogenic bacteria are parasites that feed on a living host causing a disease.

Helpful bacteria Harmful bacteria

Bacteria are used to:

• produce foods such as cheese and yoghurt

• release vitamin K in our intestines

• recycle nutrients like nitrogen in the 
environment

• produce drugs – some antibiotics are from 
bacteria (others are from fungi).

Bacteria can make food inedible. Many 
illnesses are caused by bacteria, including:

• meningitis

• food poisoning

• tetanus

• tuberculosis

• whooping cough.
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Fungi
Yeast, mould and mushrooms are all fungi.
• Fungi require food, moisture and warmth to grow and 

reproduce. Some are aerobic while others are anaerobic.

• The body of a fungus consists of hyphae – fi ne thread-like 
structures that spread through the substance that the fungus 
is living on.

• Fungi produce spores, which grow in a spore head or 
sporangium. Mature sporangia burst, releasing large 
numbers of spores into the air. Spores settle and grow. 

• Saprotrophic/saprophytic  fungi live and feed on dead 
organisms. Pathogenic fungi are parasites that feed on living 
organisms and cause disease.

Viruses
Viruses are micro-organisms that cannot survive without a living host. They are always pathogenic (cause 
disease). Viruses are often thought to be nonliving, because they reproduce but do not grow, feed, respire 
or excrete wastes.

Viruses come in a variety of shapes, but they all have a protein case that holds genetic 
material. Diseases caused by viruses include the fl u, common colds, AIDS, measles, mumps, 
hepatitis. Viruses reproduce by entering another living cell (host) and making copies of 
themselves inside the host cell.

Extracellular digestion
Both bacteria and fungi feed by 
extracellular digestion – this 
means that digestion occurs 
outside the cell.

Culturing micro-organisms
Some bacteria and fungi can be grown, that is ‘cultured’, on agar plates. Bacterial colonies can be seen as small, 
different coloured shiny spots. By the time a colony can be seen by the eye, it contains at least 1 million cells.

Fungi can be seen as a furry mass of fi ne white threads that can later turn grey as the fungi start to reproduce.

The following steps are taken when culturing bacteria and fungi at school. The fi rst two steps may be 
carried out for you.

1. Sterilise Petri dishes and other equipment.

2. Mix agar with water and boil. Pour cooled agar into a Petri dish in a way that reduces the chance of 
bacteria and fungi in the air from falling on the agar surface.
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Questions: Micro-organisms

 Question One: Making bread
Yeast is a fungus, and it is used in making bread. Ana’s teacher said it is important to add sugar when 
making bread. To investigate, she decided to make two loaves of bread; one with sugar, and one without 
sugar. Ana was careful to make the loaves exactly the same way, except for the sugar.

Ingredients

Bread with sugar Bread without sugar

yeast

warm water

sugar

fl our

yeast

warm water

fl our

The recipe tells Ana that to make good bread, she should:

• use warm water, and not cold

• remember to add the sugar

• leave the bread dough in a warm place for some time to allow it to rise.

The two loaves, after baking, are shown below:

Bread with sugar added Bread without sugar added

Discuss how the life processes of yeast, and the environmental factors involved, work together to make 
good bread.

In your answer:

• describe and explain the life processes of yeast that are involved in making bread

• explain the impact on the bread if no sugar was added

•  make links between the environmental factors involved in the process of bread making and the life 
processes of yeast, to discuss how they work together to make good bread.

Year 2020
Ans. p. 113
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 Question Three: Culturing microbes
An investigation into the effect of temperature on culturing microbes was carried out by a group of Year 11 
students. They inoculated agar plates with the same material, and then incubated the agar plates for 
96 hours, at three different temperatures.

Photographs of three plates after 96 hours are shown below.
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Discuss the impact of environmental factors on the culturing and growth of microbes by:

• describing and explaining the structure and function of the microbes that are growing on the plates

• explaining the role of the agar in the culturing of microbes

• discussing the effect of different temperatures on the life processes of microbes, referring to the graph 
and photographs above. 

Year 2019
Ans. p. 114
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  Effects of bacteria and fungi
Bacteria, fungi and their spores are in the air, soil and water around us as well as on our skin and inside our 
bodies. These organisms have a range of effects that are useful or harmful to humans.

Useful effects of micro-organisms
The ways people use micro-organisms include

• recycling nutrients by decomposing dead and waste material

• food production and preservation – e.g. cheese, bread, yoghurt

• sewage treatment

• producing antibiotics

• vaccine delivery

• genetic mutation in epidemiology.

Recycling nutrients
If it were not for micro-organisms, the world’s ecosystems would be covered with dead plants and animals. 
All dead and waste organic and inorganic material from living things is recycled when micro-organisms 
decompose the dead and waste material – releasing the nutrients it contains into the air, soil or water. 
Nitrogen and carbon are two essential nutrients recycled by micro-organisms. The diagram on the next 
page shows the carbon cycle.

Composting is the use of micro-organisms to decompose dead plant material in garden waste – cycling 
the nutrients by making the waste into nutrient-rich compost that is then used to promote plant growth. 
Micro-organisms make compost effi ciently when they have moist, warm conditions with enough air, 
space and food to reproduce rapidly. Compost heaps and bins are designed to provide these favourable 
environmental conditions so decomposition occurs quickly.
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Food production and preservation
Bread-making uses yeast fungi. When the yeast is provided with sugars, fermentation occurs, breaking 
down the sugar to produce carbon dioxide. The release of carbon dioxide is what makes the bread rise and 
results in the holes found in bread. Alcohol is also produced during fermentation, but this evaporates when 
the bread is cooked.
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Questions: Effects of micro-organisms

 Question One: Treating sewage
Some micro-organisms, for example bacteria, are useful in treating and processing wastewater and sewage 
so that they can be recycled and are harmless when released into the environment.

The process of treating sewage
Source: https://w

w
w

.open.edu/openlearn/nature-environm
ent/m

icrobes-friend-or-foe/content-section-2

sewage

fi ltration and 
primary setting

primary digestion
digestion of sewage 
by aerobic microbes 

in biofi lms

activated sludge
inoculation of 
new sewage with 
microbes in partially 
processed sewagebiofi lm

air

secondary digestion
further digestion of 

sewage by aerobic and 
anaerobic microbes

biogas

sludge

sludge disposal 
or fertiliser

aeration 
tank

Compare and contrast the life processes of bacteria and viruses to explain why bacteria are useful in 
treating sewage, while viruses are not.

In your answer:

• describe the life processes that enable bacteria to be effective in treating sewage

• explain how environmental factors, such as oxygen availability and temperature, impact on the 
effectiveness of treating sewage using bacteria

• discuss the life processes of bacteria and viruses to justify why bacteria are useful in treating and 
processing sewage, while viruses are not.

Year 2020
Ans. p. 116
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 Question Four: Myrtle rust
Myrtle rust is a fungus that is killing our native plants. In the right conditions it grows quickly, making it 
easy to see. Symptoms to look out for on plants are:

• bright yellow powder on 
leaves • brown and red spots

• leaves becoming buckled and 
twisted, and dying off.

New Zealand’s Ministry for Primary Industries (MPI) is asking people to help them fi nd this harmful fungus, 
so that they can control its spread. Their advice is ‘If you see myrtle rust, do not touch the plant or try to collect 
samples. Take photos and call the MPI Pest and Disease hotline so that someone from MPI can be sent to remove 
all affected plants, and other plants on the property can be marked for observation.’

Elaborate on MPI’s advice, and explain why it is so concerned. In your answer:

• describe how fungi feed, grow, and reproduce

• in relation to fungal reproduction, explain why the public are advised not to touch or disturb plants 
infected with myrtle rust

• discuss how the fungal life processes of nutrition, growth, and reproduction work together with the 
environmental factors of warmth and moisture, to make myrtle rust such a risk to our native plants.

Year 2018
Ans. p. 117
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• When water is in short supply the stomata close. This limits the amount of carbon dioxide available for 
photosynthesis.

• Changing the wavelength (colour) of light changes the rate of photosynthesis. Chlorophyll absorbs 
all colours of light except green, which is refl ected. Blue and red light produce the highest rates of 
photosynthesis, yellow light produces lower rates and green light the lowest rate.

To show that light is necessary for photosynthesis
sunlight leaf still attached to tree

brown

blue/black

  
a. Previously destarched leaf 

which is then illuminated 
for some hours 

b. Appearance of leaf 
after testing with 
iodine solution  pattern cut out (stencil) of 

aluminium foil paper

To show that carbon dioxide is necessary for photosynthesis

destarched
leaf in water

concentrated sodium
hydroxide solution

(absorbs CO2)

concentrated sodium
hydrogen carbonate

solution (gives off CO2)bell jar

+ CO2– CO2

Experiment Control

To show that chlorophyll is necessary for photosynthesis

white area without chlorophyll 
(will not produce starch)

green area containing chlorophyll 
(will produce starch and this will stain
deep blue after starch test with iodine)

To show that oxygen is produced during photosynthesis

light source

oxygen weed

inverted funnel 

small object to raise 
funnel off bottom

oxygen gas accumulating at top of test tube

0.1% potassium 
hydrogen carbonate 

solution

Assessment specifi cations 
The Assessment specifi cations have given the following information to help clarify what could be included 
in the examination. This Achievement Standard requires knowledge of fl owering plants (angiosperms), 
with a focus on dicotyledonous seeds, fl owers, leaves, stems and roots. Candidates should be familiar with 
basic practical work relating to photosynthesis.

Photosynthesis includes: structure and function of a dicotyledonous leaf; raw materials and products; 
factors that affect the rate of photosynthesis: light intensity, wavelength of light, temperature, amount of 
chlorophyll, CO2 concentration; basic practical work relating to photosynthesis.
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 Transport and use of nutrients
Transport of nutrients – circul ation
Digested food molecules such as 
glucose, amino acids, minerals and some 
vitamins are soluble in water and can be 
transported by the circulation system – 
these food molecules are absorbed into 
the blood capillaries in the villi and taken 
directly to the liver in the hepatic portal 
vein. The liver acts as a sorting area – 
storing some molecules, modifying others 
and allowing some to continue on in the 
circulation system. The hepatic portal 
system is unusual in that it contains two 
sets of capillaries – one in the digestive 
system and one in the liver. In almost 
all other parts of the circulation system, 
the blood is returned to the heart after 
travelling through one set of capillaries.

Food molecules from the liver travel 
in veins to the heart, from where the 
blood is pumped into the lungs to be 
oxygenated. Once oxygenated, blood 
returns to the heart and is pumped 
through arteries to all areas of the body. 
The blood supplies the body cells with 
nutrients and oxygen.

Insoluble digested food molecules, such as fatty acids and some vitamins, are absorbed into the lacteals 
inside the villi and transported to the thoracic duct of the lymph system – a series of tubes throughout the 
body that collect fl uid from around the body cells and return it to the blood. The thoracic duct returns the 
food molecules and fl uid to the circulation system just above the vena cava, which leads to the heart.
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 Question Two: Aerobic and anaerobic respiration

Horses resting Horses running

Some of the food molecules produced as a result of digestion, e.g. glucose, are transported around the 
body to be used in the process of respiration.

Compare and contrast the effi ciency of the processes of aerobic and anaerobic respiration in mammals.

In your answer:

•  describe the processes of aerobic and anaerobic respiration, their purpose and where they occur in the 
body of a mammal such as a horse

• explain why the ability to carry out both types of respiration is important for a mammal such as a horse

• discuss the effi ciency of aerobic and anaerobic respiration in a mammal such as a horse.

Year 2020
Ans. p. 130
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Monohybrid inheritance
Monohybrid inheritance is the inheritance of a characteristic controlled by one gene with two alleles. 
Genotypes and phenotypes of individuals can be determined by using Punnett squares and studying a 
pedigree chart. The probability (chance) of a particular genotype/phenotype occurring can be obtained.

In humans, the allele for right-handedness (R) is dominant to the allele for left-handedness (r). If a left-
handed woman (rr) and a heterozygous right-handed man (Rr) have children, the possible genotypes and 
phenotypes of the children are shown in the following Punnett square:

Rr

R r

Rr rr

Rr rr
rr

r

r

gametes from
male

possible genotypes
of offspring

left-handed
female

gametes
from

female

heterozygous
right-handed male

There is a 50% chance (one chance in two) of 
any children born carrying the Rr genotype. 
These children would be right-handed. Children 
born with rr genotype would be left-handed.

If the man was homozygous for right-handed (RR), then the genetic outcome would be different – all 
children would have genotype Rr so all (100%) would be right handed.

RR

R R

Rr Rr

Rr Rr
rr

r

r

gametes from
male

possible genotypes
of offspring

left-handed
female

gametes
from female

homozygous
right-handed male

Two individuals with a dominant trait can produce offspring with the recessive trait. The two individuals 
must be heterozygous for the trait, e.g. right-handed parents can produce left-handed children if both have 
genotype Rr.

RR Rr

Rr

R

r

possible genotypes
of offspring

father’s
gametes

mother’s
gametes

rr

R r There is a 25% chance (one in four) a child 
will be left-handed (rr).

Two individuals with a recessive trait cannot produce offspring with the dominant trait, e.g. two left-handed 
parents (both rr) cannot produce a right-handed child as they do not have the dominant R allele to pass on 
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The ‘Achievement’ (A), ‘Merit’ (M) and ‘Excellence’ (E) 
ratings given with answers supplied are based on professional 
judgements made by the author.

Words/phrases like ‘this means’, ‘therefore’, ‘however’ show 
the linking of ideas and they are what makes a piece of text an 
explanation (M) or discussion (E) rather than a description (A). 
It takes several ideas linked together to make a discussion.

(A, M, E) – an answer containing mostly descriptions would 
be graded A, an answer with descriptions linked together into 
explanations would be graded M and a comprehensive answer 
containing descriptions and explanations linked together would 
be graded E.

 Achievement Standard 90927 (Biology 1.3): 
Demonstrate understanding of biological 
ideas relating to micro-organisms
 Micro-organisms

 Question One: Making bread
Check that your answer has the following important points.

• Life processes – growth, use nutrients to get bigger, 
reproduction by budding, respiration with carbon dioxide 
production, feeding by extracellular digestion.

• Impact of no sugar – less nutrients, less respiration, less 
carbon dioxide produced, less rising of the bread.

• Environmental factors linked to life processes to make good 
bread – sugar added: high respiration rate, more carbon dioxide, 
well-risen, soft bread; warm temperature: increased enzyme 
activity, increased growth and reproduction, more yeast cells 
respiring, more carbon dioxide, so dough rises quicker, higher; 
high temperature: denatures enzymes, bread not as good; 
water: required as medium for chemical reactions, increased 
respiration, growth, reproduction, soft, well-risen bread.

Possible answer

When bread is being made the yeast cells are placed in warm 
water. In warm water the yeast cells begin to use more nutrients 
from their environment to grow bigger and then begin to 
reproduce by budding. During budding, mitosis occurs and 
another small cell grows out from the side of the mature cell. The 
bud will then fall off to become a single-cell individual.

During growth and reproduction the yeast cells also require 
energy. In warm water there is an increase in respiration rate to 
supply the required energy. Anaerobic respiration of the sugar 
added to the bread will produce carbon dioxide. The carbon 
dioxide forms bubbles inside the fl our mixture, which causes the 
dough to expand and rise. If no sugar is added to the mixture, 
the respiration of other food nutrients is too slow, producing less 
carbon dioxide. Therefore, the bread mixture will not rise as high 
and will be tough, which is not as good. 

p. 5

Temperature is another important environmental factor. Life 
processes (growth, reproduction and respiration) can occur faster 
in warmer temperatures because enzyme activity is increased, 
making more individuals, making more carbon dioxide. This will 
help make soft, well-risen bread. However, if the temperature 
is too high the enzymes become denatured. Reaction rates will 
be lower, so the bread will not rise as well. The lack of water in 
the bread will also cause lower reaction rates, because water 
is required as a medium for materials to move and chemical 
reaction to occur. Without enough water, growth, reproduction 
and respiration rates are low, causing low carbon dioxide 
production, which causes harder, denser bread.
(A – describes four parts of: growth, reproduction, respiration, less sugar causing less rising, effect 
of an environmental factor, effect of CO2 in dough;

M – explains two out of: growth, budding, carbon dioxide production through respiration, effect 
of less sugar, effect of warm temperature, effect of hot temperatures, effect of less water;

E – discusses, by linking descriptions and explanations, how growth, reproduction and respiration 
of yeast and environmental factors are involved in making good bread)

 Question Two: Chickenpox
Check that your answer has the following important points.

• Structure – genetic material (DNA or RNA), protein coat.

• Function – disease causing, reproduction causes cell death/
damage.

• Reproduction – attaches to living host cell, genetic material 
OR whole virus enters host cell, contents of host cell used to 
make many copies of viral genetic material and protein coat, 
new viral particles are formed and released from host cell.

• How it is spread – by direct contact (e.g. touch), or coughing 
and sneezing.

• Effect of antibiotics – kill or slow the life processes (e.g. 
growth, respiration) of bacteria. No effect on viruses, 
because they do not carry out life processes like growth and 
respiration.

Possible answer

Viruses are small particles that are made up of genetic material 
surrounded by a protein coat. They always cause disease, because 
they damage or kill cells when they reproduce. The only life 
process viruses carry out is reproduction, and to do this they must 
use a living host cell. First, the virus attaches to a host cell. Then 
the genetic material OR the whole virus enters the host cell. The 
host cell contents are then used to make many copies of the viral 
genetic material and protein coat. New viral particles are formed 
from these and released from the host cell. This often causes the 
host cell to burst and die. Once released from the host cell, the 
viruses can be spread from one person to the next by coughing 
and sneezing, or by direct contact (e.g. touch, kissing). When 
spread to another person, the virus particles enter another living 
host cell and repeat the reproductive process.

Antibiotics work by killing bacterial cells or slowing the life 
processes (e.g. growth, respiration) of bacteria so that they 
cannot cause infection. Antibiotics have no effect on the 

p. 7

Answers and explanations
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