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GRADE 10A: Biology 8 

Classification and ecological relationships 

About this unit 
This unit is the eighth of eight units on biology for 
Grade 10 advanced. 

The unit is designed to guide your planning and 
teaching of biology lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 11A and Grade 8. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 

Previous learning 
To meet the expectations of this unit, students should already be able to 
identify causes of variation within populations and distinguish between 
continuous and discontinuous variation. They should be able to relate 
changes in numbers of organisms in a habitat to their feeding relationships. 
They should be able to construct and interpret a pyramid of numbers and 
biomass. They should understand why toxins increase in concentration 
along a food chain. 
 

Expectations 
By the end of the unit, students know that species are clustered into 
groups. They know about the hierarchy of classification and the key features 
of the kingdoms and main phyla of animals and plants. They understand 
how energy flows through an ecosystem. They relate pyramids of numbers, 
biomass and energy to food chains and food webs. They know the roles of 
micro-organisms in recycling and how they function in the carbon and 
nitrogen cycles. They know that the nitrogen-fixing micro-organisms in root 
nodules have a mutualistic relationship with the host plant. 

Students who progress further understand that interactions between 
organisms can cause changes in the size of populations. They understand 
that ecosystems are dynamic and subject to change, and that human 
activities have an impact on the environment. They recognise the main 
features of viruses, bacteria and fungi. They know how micro-organisms and 
cells can be cultured. 

Resources 
The main resources needed for this unit are: 
• overhead projector (OHP) and whiteboard 
• microscope, slides of specimens, models of specimens 
• video camera attached to microscope, monitor 
• sampling equipment, nets and pooters (optional) 
• video of predator–prey interaction 
• microscopes, slides of root nodules 
• Petri dishes of nutrient agar 
• Internet access  
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• Prokaryotae, Protoctista, Fungi, Animalia, Plantae 
• kingdom, phylum, class, order, family, genus, species 
• binomial system, dichotomous key 

• taxonomic hierarchy 
• food chains, food webs 
• pyramids of number, biomass and energy 
• trophic, autotroph, heterotroph, photosynthetic, chemosynthetic 
• producer, primary consumer, secondary consumer 
• micro-organism, saprophyte, decomposer 
• herbivore, carnivore, detritivore 
• gross primary productivity (GPP), net primary productivity (NPP). 
• putrefaction, ammonification 
• nitrification, denitrification 
• nitrogen fixation, mutualistic, leguminous, root nodules 
 

UNIT 10AB.8 
11 hours 
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Objectives for the unit 

11 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 10 standards 
 EXTENSION STANDARDS 

10A.13.1 Identify environmental and genetic 
causes of variation and distinguish 
between continuous and discontinuous 
variation within a population. 

10A.14.1 Understand the term species, know that species can be placed in 
groups with shared features, and that the groupings of kingdom, 
phylum, class, order, family, genus and species form a hierarchy of 
classification. 

11A.15.2 Know that natural selection and breeding 
isolation can lead to speciation. 

10A.14.2 Know the distinguishing features of the five kingdoms: Prokaryotae, 
Fungi, Protoctista, Plantae and Animalia. 

 

10A.14.3 Use knowledge of the key features of the major phyla of animals and 
plants to recognise a typical member. 

11A.15.3 Explain how natural selection and 
evolution over a long period of time have 
resulted in a great diversity of forms 
among living organisms. 

8.5.1 Relate changes in numbers of 
organisms in a habitat to their 
feeding relationships. 

11A.16.1 Explain examples of a predator–prey 
relationship and the possible effects on 
the population size of both the predator 
and the prey. 8.5.2 Interpret pyramids of numbers and 

biomass representing the organisms 
linked in a food chain. 

11A.16.2 Explain examples of inter- and intra-
specific competition for food and space 
and the effects on the distribution and size 
of the populations of organisms. 

8.5.3 Explain why toxins increase in 
concentration along a food chain. 

10A.15.1 Describe how the organisms in a pyramid of numbers relate to their 
biomass and to energy flow through food chains and food webs. 

11A.16.3 Explain how disease affects the size of 
population of organisms and the significance 
of limiting factors in determining the ultimate 
size of a population. 

11A.16.4 Explain how the diversity and numbers of 
organisms and the environmental factors 
in an ecosystem form a dynamic 
relationship that is open to disruption. 

 10A.15.2 Draw energy-flow diagrams to illustrate how energy flows through an 
ecosystem. 

11A.16.5 Explain examples of short- and long-term 
human impact on a variety of 
environments. 

 10A.16.1 Know that micro-organisms act as decomposers and help to recycle 
organic material. 

 

1 hour 

Classifying 
organisms 
 

2 hours 

The five 
kingdoms  
 

2 hours 

The major phyla 
of animals and 
plants 
 

3 hours 

Energy flow in an 
ecosystem 
 

3 hours 

Micro-organisms 
in recycling 

 

 10A.16.2 Know the roles of micro-organisms in the different stages of the carbon 
and nitrogen cycles. 

 

  10A.16.3 Know that nitrogen-fixing bacteria have a mutualistic relationship with 
the leguminous plants on which they form root nodules. 
 

 

Unit 10AB.8 
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Activities 

Objectives Possible teaching activities Notes School resources 

Discuss with students why it is necessary to classify organisms. They may have carried out an 
ecological investigation and be able to recall the need to identify organisms for scientific 
recording. Additionally, the need to label organisms unambiguously becomes more obvious 
when the international study of organisms is considered. Discuss why Latin names are used. 
Give examples of the binomial system, such as: man, Homo sapiens; the domestic cat, Felis 
silvestris; the meadow buttercup, Ranunculus acris. 

Encourage students to discover the work of the Swedish naturalist Carl Linnaeus by searching 
the Internet. 

Invite individual students to define the term species from their own knowledge. 

Clarify the concept of species by posing a biological riddle: ‘Which animal, if it died out today, could 
be born again tomorrow?’ The answer is a hybrid animal, such as the mule (the offspring of a 
donkey and a horse). Discuss other hybrid animals, such as the tigon (the offspring of a tiger and a 
lion) in this context. Now ask ‘Is the mule a species?’ Students should realise that it is not and that 
the condition ‘the ability to produce fertile offspring’ is central to the definition of a species. 

 
 
 
 
 
 

ICT opportunity: Use of the Internet. 

Enquiry skill 10A.2.1 

 

 

 
 
 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

Explain to students that species can be placed in groups with shared features, and that the 
groupings of kingdom, phylum, class, order, family, genus and species form a hierarchy of 
classification. 

Encourage students to make up a mnemonic to help them memorise the hierarchy of 
classification (e.g. ‘King Philip Counts Our Family Gold and Silver’ – kingdom, phylum, class, 
order, family, genus and species). 

Ask students to complete a table to show the scientific names in the taxonomic hierarchy for a few 
common organisms. Suggest a selection of common animals and plants; include a few examples 
of closely related organisms and others with less similarity. Discuss the results as a class. 

 
 
 

 
 
 

Prepare a table of classification for students to 
complete. Prepare other taxonomic examples on 
an OHT to show students. 

 

Provide pairs of students with specimens, photographs, silhouettes or drawings of a range of 
animals (e.g. five insects), each with an identifying letter: A, B, C, D and E. Now ask students to 
create a dichotomous classification key and use it to identify the five insects. If they need help to 
start off, suggest a first question that divides the insect group into two. For example: 
1 ‘Has antennae longer than 10 mm’ go to 2 
 ‘Has antennae equal to or less than 10 mm’ go to 3 

Discuss the results with pairs and the class. 

 

 

 

 

 

 

1 hour 

Classifying organisms 
Understand the term species, 
know that species can be 
placed in groups with shared 
features, and that the 
groupings of kingdom, 
phylum, class, order, family, 
genus and species form a 
hierarchy of classification. 

Let students carry out a simulation exercise by classifying some common inanimate objects. This 
will help them understand the principles of keys and classification. For example, provide students 
with a collection of a variety of fixings and fasteners and ask them to make a key to identify each 
item. The first question might be: 
1 ‘Has a screw thread’ go to 2 

 ‘No screw thread’ go to 3 

Discuss the results with individuals and the class. 

Provide a collection of a variety of fixings and 
fasteners (e.g. nails, screws, nuts and bolts, 
pins, clips, staples) for this classification 
exercise. 

 

Unit 10AB.8 
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Objectives Possible teaching activities Notes School resources 

Consider demonstrating different ways of representing the taxonomic hierarchy. 

One scheme uses a box-in-box approach. The outermost box represents the kingdom; inside 
this are several separate boxes representing phyla; inside each phylum box are several boxes 
representing classes; and so on. The final boxes are the individual species. 

Another scheme uses a family tree approach. Start with the kingdom alone at the top; then 
place several phyla in a horizontal line below, each connected to the kingdom above with a rule; 
repeat this process for classes emanating from each phylum; continue down the ‘tree’ through 
layers of families, genera and eventually species. 
 

 

Produce ‘box in box’ scheme on OHT. 
 
 

Produce ‘family tree’ scheme on OHT. 

 

 

Provide a list of about 20 different organisms, including representatives of all five kingdoms, and 
ask students to classify the organisms into logical categories. Discuss the results. This exercise 
will show you how much students already know about classification in terms of the five 
kingdoms. 

Confirm the identity of the five kingdoms: Prokaryotae, Protoctista, Fungi, Plantae and Animalia. 

Tell students to use their textbooks, the library or the Internet to find out the main distinguishing 
features of members of the five kingdoms. Discuss students’ findings as a class and make sure 
that everyone has complete and accurate information. 

Consolidate students’ understanding of the five kingdom system. Arrange a selection of 
examples of organisms from all of the five kingdoms around the room. Try to find a large number, 
at least 30, to make the exercise more interesting, challenging and varied. Tell students to 
identify and write down the kingdom for each specimen and also give one or more reasons to 
justify their selection. Start individual students at different positions in the room at different 
specimens to avoid any queuing. Also, get students to draw up a blank table before the start. 
You could even introduce a time limit of, say, one minute for each specimen. This enables you to 
regulate the time for this activity and maintain a smoother flow of students around the room.  

Prepare a list of suitable organisms from all five 
kingdoms. 
 
 

 

ICT opportunity: Use of the Internet. 
 
 

These examples can take a variety of forms: live 
specimens, preserved specimens, specimens 
viewed under the microscope, models, 
photographs or diagrams. 
 
 
 
 

 

Provide students individually with a set of cards containing the names of the five kingdoms 
separately mixed up with other cards containing the main distinguishing features of the 
kingdoms. Then ask them to arrange the cards in their correct matched categories. This activity 
could also be run as a competition to see which student completes the exercise correctly in the 
shortest time. The winner will not necessarily be the first student to finish. 

Alternatively, have your own set of ‘kingdom cards’, mixed face down. Give each student a 
‘distinguishing feature’ card face down. Turn the kingdom card over and call out the kingdom 
shown. Tell students to turn their cards over and raise their hand if they think they have a 
distinguishing feature of this kingdom. Confirm correct answers and record a mark for each 
correct student. Then repeat the process by turning over another kingdom card. 

Prepare sets of cards containing the names of 
the five kingdoms separately mixed up with 
other cards containing the main distinguishing 
features of the kingdoms. 

 

2 hours 

The five kingdoms  
Know the distinguishing 
features of the five kingdoms: 
Prokaryotae, Fungi, 
Protoctista, Plantae and 
Animalia. 

 

Get students to make a wall display to illustrate the different kingdoms, either individually, in 
pairs or in groups. If carried out in pairs or groups, make each member responsible for one 
kingdom. 
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Objectives Possible teaching activities Notes School resources 

Provide a list of about 20 different animals, including representatives of the major phyla of 
animals, and ask students to classify the animals into logical categories. Discuss the results. 
This exercise will show you how much students already know about classification in terms of 
the main categories (phyla) of animals. 

Repeat the above exercise with a list of about 20 plants to see how much students already 
know about the classification of plants. 

Ask students to use their textbooks, the library or the Internet to find out the main distinguishing 
features of members of the major phyla of animal and plant kingdoms. Discuss and confirm 
agreement and accuracy with students as a class activity. 

Consolidate students’ understanding of the major phyla of animals and plants. Arrange a 
selection of examples of organisms from all of the major phyla of animals and plants around the 
room. Try to find a large number, at least 30, to make the exercise more interesting, challenging 
and varied. Tell students, working singly or in pairs, to identify and write down the phylum for 
each specimen and also give one or more reasons to justify their selection. Use the same 
techniques as suggested in the activity on kingdoms to make the activity run smoothly. 

Prepare lists of suitable animals and plants. 
 
 
 

 
 

ICT opportunity: Use of the Internet. 
 
 

These examples can take a variety of forms: live 
specimens, preserved specimens, specimens 
viewed under the microscope, models, 
photographs or diagrams. 

 

Provide students individually with a set of cards containing the names of the major phyla 
separately mixed up with other cards containing the main distinguishing features of these phyla. 
Then ask them to arrange the cards in their correct matched categories. This activity could also 
be run as a competition to see which student completes the exercise correctly in the shortest 
time. The winner will not necessarily be the first student to finish. 

Alternatively, have your own set of ‘major phyla’ cards, mixed face down. Give each student a 
‘distinguishing feature’ card face down. Turn the major phyla card over and call out the category 
shown. Tell students to turn their cards over and raise their hand if they think they have a 
distinguishing feature of this category. Confirm correct answers and record a mark for each 
correct student. Then repeat the process by turning over another phylum card.  

Prepare sets of cards containing the names of 
the major phyla separately mixed up with other 
cards containing the main distinguishing 
features of the phyla. 

 

2 hours 

The major phyla of 
animals and plants 
Use knowledge of the key 
features of the major phyla of 
animals and plants to 
recognise a typical member. 

 

Get students to make a wall display to illustrate the different major phyla in the animal and plant 
kingdoms; this can be done individually, in pairs or in groups. If carried out in pairs or groups, 
make each member responsible for one kingdom or for one phylum if larger groups are 
involved.  

Students could make a photographic display to illustrate the different major phyla in the animal 
and plant kingdoms using the local environment as the source of subjects for study. 
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Objectives Possible teaching activities Notes School resources 

Introduce this section by reinforcing previous knowledge with a quiz. Ask a series of questions, 
such as: ‘What is a food chain?’ ‘What is a food web?’  

Ask students each to write down one food chain of three or four familiar organisms. To give 
them ideas, suggest a nearby habitat or encourage them to use their garden, a local park or a 
location in the school grounds. Collate the examples on the board or OHP and discuss. 

Alternatively, take students out to a nearby quiet location to introduce them to some basic 
fieldwork by making observations of the flora and fauna. A clearly defined local habitat, such as 
a pond, small stream, rocky shore, field or garden, could become your area for further studies. 
A mini-guide to identifying the most frequently found organisms will assist enormously in 
students’ identification of unknown specimens. Let students collect and identify organisms and 
then compile a list for the specific habitat.  

Provide students with a set of cards of many familiar organisms and ask them to arrange them 
into food chains and then into trophic levels. 

 
 

 
 
 

Visit opportunity: Visit a local habitat. Choose 
an environment that you know well as problems 
of identifying organisms will quickly become 
apparent. 

Students will need sampling equipment 
(e.g. pooters, nets). 

Prepare suitable sets of cards. 

Enquiry skills 10A.3.1–10A.3.3 

 3 hours 

Energy flow in an 
ecosystem 
Describe how the organisms 
in a pyramid of numbers 
relate to their biomass and to 
energy flow through food 
chains and food webs. 

Draw energy-flow diagrams 
to illustrate how energy flows 
through an ecosystem.  

Show students a video of a typical predator–prey relationship on the plains of Africa 
(e.g. lionesses catching antelope, zebras or buffalo). 

Use the examples of organisms your students have suggested or identified from fieldwork as 
your subject material for constructing pyramids of numbers. Ask students to explain the terms 
producer, primary consumer and secondary consumer. 

Discuss whether all pyramids of numbers show the same pattern. Use the board or OHP, or give 
each student a handout, to show the shape of ‘normal’ and inverted pyramids (where the primary 
producers are large plants, such as trees, and also where parasites may figure in the example). 

Use the same examples to display the organisms as biomass to appreciate that the two 
pyramids can tell you about different aspects of the same community. 

Discuss whether a food chain biomass display may ever appear as an inverted pyramid. Show 
students an example from an aquatic ecosystem where standing crops of zooplankton outweigh 
the phytoplankton. Explain the concept of productivity using these examples. 

 
 

 
 
 

Prepare examples of ‘normal’ and inverted 
pyramids on OHTs for showing and discussion. 

 

 

 

 

 

 

 

 

 

 

Now introduce the concept of energy flow. Ask students to suggest, with reasons, the 
organisms that ultimately support all the others in any ecosystem. 

Ensure students understand that autotrophs, mainly photosynthetic organisms using light 
energy, are the primary producers of most ecosystems. (The exceptions are chemosynthetic 
bacteria that support other ecosystems in more specialised locations, such as ocean floor hot-
vents, or some soil bacteria, like the nitrifying bacteria discussed later in this unit.) 

Ask students, using information from their textbooks and the library, to write a report to explain 
why plants only manage to trap and convert about 1% of the visible light that reaches the plant 
to chemical energy (organic compounds) by photosynthesis. 

Ask students, using information from their textbooks and the library, to write a report to explain and 
distinguish between the terms gross primary productivity (GPP) and net primary productivity (NPP). 

Ensure students understand that plants use some of the molecules for their own cellular 
respiration (R), so the following equation applies: 
 NPP = GPP – R 

 
 

 
 
 
 

Most solar radiation reaching the plant is not 
used in photosynthesis because it is lost in heat 
of evaporation, conduction and convection, 
transmitted or reflected. 
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Objectives Possible teaching activities Notes School resources 

 

Ask students, using information from their textbooks and the library, to write a report to explain 
what the fate of NPP is.  

Ensure they understand that the molecules either remain in the plant and contribute to an increase 
in biomass or are eaten by heterotrophs in food chains (or by detritivores and decomposers). 

  

 

 

 

 

 

 

Show students an OHT displaying a diagram and data concerning the flow of energy from a 
single square metre of grassland to produce secondary productivity in a cow. Ask them to use 
the data provided to work out the percentage of energy transferred from one trophic level (the 
primary producer) to the next trophic level (the primary consumer). 

Tell them to write an equation that accounts for the fate of all the energy consumed by the cow. 
The energy consumed (C) includes the energy used in respiration (R), secondary production of 
biomass (P), together with the energy lost in urine (U) and faeces (F). The expected equation is 
 C = R + P + U + F 

Show students a table displaying data on the productivity of a range of different animals and 
ask them to explain why the data differ. For example, compare and discuss the different 
productivity of herbivores and carnivores. 

Typical data, such as that from the Nuffield 
Advanced Science Biology Study Guide 2, p.517 
(Longman Group, 1986), is suitable. 
 

 
 
 

 

Source a table displaying suitable data on the 
productivity of a range of different animals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Provide students with an incomplete energy-flow diagram showing the fate of energy as it flows 
through an ecosystem. Show the same diagram on the OHP and discuss the energy-flow 
pattern. Ask them to complete the diagram and explain the process of energy flow. 

Ask students, using information from their textbooks and the library, to write a report to explain the 
approximate percentage of energy flowing through each trophic level and what processes are 
responsible for the energy losses. They should show that in each trophic level only a small amount 
of the energy entering becomes available to the next trophic level (about 10%) – energy is lost by 
animals because they: 
• never eat all the available food (e.g. food fragments and blood may be lost); 
• cannot digest all the available food (e.g. bone, hooves, hide); 
• use energy in their respiration so they can move, hunt, chew, reproduce, etc.; 
• lose heat energy to their surroundings; 
• lose energy in urine and faeces (this energy may go to decomposers). 

Consolidate the above information by asking students to explain why animals at the top of food 
webs, such as tigers and eagles, are rare. 

Show students a pyramid of energy for an ecosystem and ask them to explain why it is a useful 
way of representing relationships between organisms in different trophic levels. Explain that: 
• pyramids of energy take into account the rate of production, or productivity, of the organisms, 

in contrast to both pyramids of numbers and biomass; 
• weight for weight, two species do not necessarily have the same energy content – 

comparisons based on biomass may be misleading; 
• the relative importance of populations within one ecosystem can be compared by energy flow 

(e.g. soil bacteria have a relatively low biomass but display a high energy flow). 

Prepare an incomplete OHT energy-flow 
diagram and give copies to students. 
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Objectives Possible teaching activities Notes School resources 

 Ask students, using information from their textbooks and the library, to produce a flowchart and 
to explain the question: ‘What is the ultimate fate of all of the energy which enters a food chain?’ 
(All the energy will eventually be converted to heat, through respiration.) 

Show students an incomplete diagram of energy flowing through an ecosystem with arrows 
requiring the labels ‘respiration’ and ‘decomposers’ to be added. Ask them to complete the 
diagram and to explain the energy-flow sequence. 

Ask students, in pairs, to examine a table displaying the net primary productivity (NPP) of 
different ecosystems and explain the significance of the differences shown  

High NPP values (e.g. a tropical rainforest) show more energy available for heterotrophs, so 
more potential for larger and more varied populations of heterotrophs, when compared with low 
NPP values, such as a desert. 
 

One important concept often misunderstood by 
students is the fundamental difference between 
the fate of energy and the movement of 
materials in ecosystems. Many students do not 
appreciate that whereas energy flows through 
an ecosystem and is constantly lost from it, 
materials are constantly recycled within an 
ecosystem. 

Prepare a suitable diagram and tables. 

 

3 hours 

Micro-organisms in 
recycling 
Know that micro-organisms 
act as decomposers and help 
to recycle organic material. 

Know the roles of micro-
organisms in the different 
stages of the carbon and 
nitrogen cycles. 

Know that nitrogen-fixing 
bacteria have a mutualistic 
relationship with the 
leguminous plants on which 
they form root nodules. 

 

Ask students, using information from their textbooks, the library and the Internet, to write a 
report to describe the role of micro-organisms in nature. 

Explain the fundamental role they play in decomposing organic matter and releasing materials, 
which are recycled in such cycles as the carbon cycle. More particularly you could add that: 
• fungi and bacteria, which live saprophytically, obtain energy and raw materials from animal 

and plant remains; 
• fungi and bacteria are called decomposers and secrete digestive enzymes onto the dead or 

waste material; 
• in some situations (e.g. a tropical forest floor), 80% or more of the productivity at any trophic 

level may go through a decomposer pathway; 
• in other ecosystems (e.g. a peat bog), cold, wet, acidic conditions inhibit decomposition to 

such an extent that only about 10% of material is broken down, the rest accumulates (e.g. as 
peat). 

Discuss what would happen to food chains if there were no micro-organisms to act as 
decomposers. 

Ensure students understand that without decomposers an essential link in the cycle of life would 
be broken and materials would not be released back into the food chains. Dead animals and 
plants, and their waste matter, would not be broken down and would pile up everywhere. 
Minerals from the soil and carbon would be locked up in animal and plant compounds so plants 
would not grow. Shortage of plants would cause a decrease in the populations of animals. Life 
would gradually be reduced and would eventually die out altogether. 

Link this discussion to the conditions on Earth millions of years ago that led to the formation of 
fossil fuels – in particular, Qatar’s oil deposits. 

Provide pairs of students with the components of the carbon cycle on a set of individual cards. 
Ask them to arrange the cards in the correct sequence and to explain the relationships 
indicated.  

Prepare a similar set of named carbon cycle components on pieces cut out from OHT and ask 
for a volunteer to arrange them correctly in front of the whole class. 

ICT opportunity: Use of the Internet. 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 
 
 
 
 

 
 
 

Prepare suitable sets of cards. 
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Objectives Possible teaching activities Notes School resources 

Nitrogen cycle 
Introduce this topic by explaining the role bacteria play in the nitrogen cycle. Explain that most 
stages of the nitrogen cycle depend on the activities of specific types of bacteria, as outlined 
below. 

  

 

Putrefaction or ammonification 

Explain this stage to students and then ask them to write an account of the process. 

Make it clear that this stage in the cycle is virtually identical to the role of bacteria (and fungi) in 
the carbon cycle acting as decomposers (saprophytes) in the process of putrefaction. 

Ensure students understand that nitrogen is released from combined organic forms to 
ammonium ions (NH4

+). These micro-organisms, which are sometimes known as ammonifiers, 
break down proteins, amino acids and urea to produce NH4

+ as the end product. 

  

Nitrification 

Explain this stage to students and then ask them to write an account of the process of the two 
stages of nitrification. 

Ensure they understand that nitrifying bacteria carry out a sequence of oxidations in aerobic 
conditions, either in the soil or in aquatic ecosystems, which convert ammonium compounds to 
nitrate. 

Explain that nitrifying bacteria release energy in these reactions, which is used by these 
chemoautotrophic bacteria. There are two stages, each involving specific bacteria as follows: 
i. Nitrosomonas 
 NH4

+ → NO2
– + energy 

ii. Nitrobacter 
 NO2

– → NO3
– + energy 

The NO3
– is the form of nitrogen that is most readily absorbed by plant roots. 

Provide students with a set of cards with the components on them (e.g. nitrogen, nitrite, nitrate, 
arrows or equal signs, the names of bacteria). Ask students to organize them in a logical order. 

 
 
 

 
 
 

 
 
 
 
 
 

 

Prepare a suitable set of cards. 

 

 

Denitrification 

Explain this stage to students and then ask them to write an account of the process of 
denitrification in the soil. 

Ensure students understand that this process returns nitrogen back into the atmosphere from 
the soil nitrates. 

Ask students to explain why the level of atmospheric nitrogen remains relatively constant. 

Ensure students understand that the activities of denitrifiying bacteria, together with the 
nitrogen-fixing bacteria referred to below, maintain atmospheric nitrogen at its steady level of 
79%. 

Explain that denitrifying bacteria are active in anaerobic conditions within a soil (e.g. a 
waterlogged soil). These bacteria remove NO3

–, and therefore ‘available’ nitrogen, from the 
ecosystem. Examples include Pseudomonas denitrificans and Thiobacillus denitrificans. 
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Objectives Possible teaching activities Notes School resources 

Nitrogen fixation 

Explain this stage to students and then ask them to write an account of the process. 

Provide students with a task sheet concerning nitrogen fixation, with blank spaces where 
important words or phrases are missing. Ask students to insert the correct words or phrases. 

Ensure students understand that this nitrogen fixation reduces nitrogen from the air trapped in 
the soil into ammonium ions. The basic reaction is the same in all nitrogen-fixing bacteria and 
involves the enzyme nitrogenase and a supply of ATP: 
 N2 + 3H2 → NH3 

 
 

Prepare a suitable task sheet 

 

Ensure students distinguish between the two categories of nitrogen fixation:  
• free-living bacteria (these bacteria live freely in the soil and reduce nitrogen by hydrogen into 

ammonium ions); 
• mutualistic bacteria. 

Give examples and explain the role of mutualistic bacteria in nitrogen fixation. 

Free-living bacteria include a wide range of 
examples, such as the aerobic bacteria 
Azotobacter and Pseudomonas together with 
anaerobes such as Clostridium, Chromatium, 
and Chlorobium. 

 

Ensure students understand that some special nitrogen-fixing bacteria have a mutualistic 
relationship with the leguminous plants on which they form root nodules. Bacteria of the genus 
Rhizobium are found in most soils and mainly coexists in the roots of leguminous plants such as 
peas, beans, clover, alfalfa and acacia trees. The bacteria gains a supply of carbon compounds 
from the legume and an anaerobic environment and the legume gains a supply of NH4

+ from the 
bacteria. 

Provide students with suitable specimens of leguminous plants and ask them to observe and 
draw the roots and root nodules. 

Let students use a microscope to examine a cross-section of the root nodules of a leguminous 
plant. 

The cyanobacteria Anabaena also fixes 
nitrogen, is free-living and is abundant in rice 
paddies and other shallow areas in tropical and 
temperate wetlands. 

 
 
Enquiry skills 10A.3.1–10A.3.3 

  

Obtain soil samples either from the locality or ask students to bring a sample from their garden 
or from the school grounds. Organise the class into pairs or small groups. Tell them to shake up 
samples of different soil with water, plate out a few drops of the liquids onto nutrient agar in 
Petri dishes and incubate. Tell them to observe the range and number of bacterial and fungal 
colonies in different soils. 

Safety: Plates should be sealed, incubated at 
no more than 30 °C and destroyed after study. 

Enquiry skills 10A.1.1, 10A.3.1–10A.3.3 

 

 

 
 

Ask students to work individually to produce wall charts of the nitrogen and carbon cycles. 

Arrange for students to create a radio documentary on the nitrogen cycle. This could be 
organised as a class activity with pairs or small groups of students having responsibility for one 
component of the cycle. 
 

 

Enquiry skill 10A.3.4 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Explain why the horse and the donkey are recognised as species while the mule is not a 
species. 

  

a. Place the following in the correct taxonomic hierarchical order, starting from the largest 
category: 

 family  order  class  kingdom  species  genus 

b. In classification, why is a binomial system used together with Latin names. 

  

Explain how the pyramid of numbers for an ecosystem, such as a wood or forest, relates to the 
biomass of the organisms found there. 

  

a. Arrange the following organisms into a food web, clearly indicating the trophic layer into 
which each organism is placed. 

b. Select one food chain in your diagram and explain the movement of energy in that food 
chain. 

Provide a mixed list of plants or plant parts and 
animals, including herbivores and carnivores, for 
a local or well-known ecosystem. 

 

Explain why animals such as tigers and eagles are so rare in nature.   

Explain the role of micro-organisms in the carbon cycle.   

Explain the role of micro-organisms in the nitrogen cycle under the following subheadings: 

a. Nitrogen fixation 

b. Nitrification 

c. Denitrification 

  

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Explain how the farming practices of humans might influence the nitrogen content of the soil. 
 

  
 

 

Unit 10AB.8 
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