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Plants and KS3 Science

Planting ideas and helping them grow

Inspiring ideas
Plants and KS3 Science provides teachers with ideas and resources where ‘plants’ provide contexts for learning in some KS3 topics or parts of topics. And this doesn’t just mean the biology topics. Plants can provide interesting and sometimes unusual or unexpected contexts for learning chemistry and physics.
These contexts include innovative applications of science, scientific research and development, media coverage of science, and working with science and careers in science.

Plants and KS3 Science offers ways in which plant-based activities might be used to:

· spark curiosity and interest and to engage students in topics (‘starter activity’)
· provide a scenario or setting for activities that makes up the main part of a lesson (‘main activity’). 
In Plants and KS3 Science each Programme of Study (PoS) topic has:

· an introduction
· relevant SAPS resources (freely available on the SAPS website)
· links to Working scientifically, Biology, Chemistry and Physics in the 2013 Programme of Study
· a commentary
Why plants? 

Plants change constantly during their life cycle. Many can be propagated, nurtured, observed and measured in a school laboratory or outside (fieldwork). They can provide a stimulating context and a point of reference when discussing many key scientific ideas. Science is a practical subject and plants offer many opportunities to practise and demonstrate the skills and knowledge associated with Working scientifically. 

On top of all that they can brighten and add interest to any school laboratory and show that a properly managed laboratory need not be a dangerous place!

Living organisms and inanimate materials make up Earth’s four spheres: atmosphere, hydrosphere, lithosphere and biosphere. Applying scientific skills and knowledge, together with an understanding the interaction between these spheres, enables us to tackle challenges that face our world, such as providing food, clean water, health care, food, energy sources and safe living environments.
Plants are an ideal context to explore scientists’ ideas of energy, matter and change. For example,
· absorption of carbon dioxide from the atmosphere by green plants during photosynthesis
· release oxygen, produced during photosynthesis, into the atmosphere 
· uptake of liquid water by plants and the loss of water vapour during transpiration
· solubility of nutrients are in soil water and their uptake by plants
· making molecules from atoms: small molecules, e.g. O2, H2O and CO2; larger molecules, e.g. C6H12O6; giant molecules, e.g. DNA

· shapes and structures of molecules represented using molecular modelling kits

· diffusion of substances in and between plant cells

· materials cycles.
Biology 

Plants and KS3 Science matches SAPS resources to biology topics in the PoS, including sections where plants are not mentioned specifically. Plants are a natural component of biology courses, but Plants and KS3 Science hopes to spark some new ideas about how SAPS plant-based might be used and how connections may be made to chemistry and physics topics in the PoS. Here is an example:
KS3 PoS: Biology: Material cycles and energy
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     B7 Photosynthesis
Introduction
Photosynthesis is a series of chemical reactions that happen in the leaves of green plants. It offers an opportunity to describe the process in language used in the other scientific disciplines and draw together examples of how scientists describe and explain what happens in biological, chemical and physical changes.
Relevant SAPS resources and links to KS3 PoS
Practical activities 
	
	
	Links to KS3 PoS

	SAPS resource
	Comment
	B
	C
	P
	WS

	Sugar, starch or cellulose? What carbohydrates do plants make?
	Identification of glucose, starch and cellulose in different parts of different plants using tests which depend on chemical changes.
	7.1
7.2
	4.1
4.2
	
	

	Investigating photosynthesis and respiration using a carbon dioxide probe.
	Measuring the rate of carbon dioxide, using a probe and datalogger, and interpreting graphs obtained. Effect of different conditions can be investigated.
	7.2
	4.1
	4.1
4.2
	2.4 2.5

3.2

3.3 

	Photosynthesis: what are chloroplasts?
	Students look at chloroplasts and starch grains under the microscope. They use what that have learnt to deduce how a mutation in some leaves affects the way they grow.
	
	
	
	

	Demonstrating oxygen evolution during photosynthesis using Cabomba pondweed
	By counting the bubbles of oxygen released or by measuring the volume of oxygen released, students estimate the rate of photosynthesis and investigate the effects of either light intensity or wavelength on photosynthesis.
	
	
	
	

	Investigating photosynthesis with the SAPS / NCBE Photosynthesis Kit
	Students investigate photosynthesis using algae immobilised in calcium alginate. The rate of carbon dioxide uptake by the immobilised cells is used to measure the rate of photosynthesis, by observing the colour change of hydrogen carbonate indicator.
	
	
	
	

	Photosynthesis and leaf adaptation: how sun and shade plants respond to light
	Students use leaf discs to measure the rate of photosynthesis in plants from different habitats (sun and shade), and then consider what this demonstrates about leaf adaptation. 
	
	
	
	


Video clips
	
	
	Links to KS3 PoS

	SAPS resource
	Comment
	B
	C
	P
	WS

	Chloroplasts and starch
	An introduction to the importance and then the structure of the chloroplast, useful as part of a lesson or revision.
	
	
	
	

	Light and starch
	Classic experiment. Useful to introduce to show that light is needed for the production of starch. Could be followed by a discussion of what is happening and then students using their own leaf shading and iodine tests.
	
	
	
	

	Van Helmont's experiments on plant growth
	Classic experiment carried out by Jean Baptist Van Helmont to answer the question "how do plants grow?"
	
	
	
	

	Leaf structure, stomata and carbon dioxide
	The surface structure of a leaf is observed using increasingly larger magnifications. Detail of stomata can be seen. The absorption of carbon dioxide through stomata is discussed and linked to the structural features of a tree.
	
	
	
	

	Production of oxygen in plants
	Classic experiment to investigate the production of oxygen by plants through photosynthesis.
	
	
	
	

	Plant adaptations to overcome environmental limitations
	Introduces the idea of limiting factors in photosynthesis, and the way in which plants are adapted to their environments.
	
	
	
	


Others

	
	
	Links to KS3 PoS

	SAPS resource
	Comment
	B
	C
	P
	WS

	Biology animations - transport of water and sugar, respiration and photosynthesis and growth in plants.
	Useful animations. Could be a main activity or used to revise and reinforce a taught lesson.
	7.2
	
	
	

	Photosynthesis - A Survival Guide for Teachers
	A collection of teachers notes in the form of PPTs written to help teachers deliver the topic in a variety of ways using a variety of teaching strategies. It includes a suggested teaching route but each resource section is separate and teachers can to pick and choose which activities they want to use.
	
	
	
	

	Investigating the antibacterial properties of plants: Introducing STEM Careers
	Part of the SAPS Careers in Science series to support science teachers in integrating STEM careers information with practical activities. It’s aimed at post-16 students, but could be useful for younger students.
	
	
	
	


Commentary
Absorption of carbon dioxide from the atmosphere and take-up of water through a plant’s roots and be used to introduce or reinforce the particle model of matter (C1.1) and ideas about dissolving and diffusion (C3.3). The overall reaction to produce glucose can be summarised using a word equation (as required in PoS), but a balanced symbol equation, illustrated using molecular models could be used with some students. (C4.1, C4.2)

 carbon dioxide + water ( glucose + oxygen

6CO2 + 6H2O ( C6H12O6 + 6O2
The reaction is endergonic (energy is transferred to the reacting mixture). If the energy transferred heats the reaction mixture, it is an endothermic reaction. At KS3 only the term endothermic is needed by PoS (C5.2).

Energy stored in the Sun is transferred (P2) to Earth, carried by electromagnetic waves (P12.5). It is absorbed by the leaves and stored in the products of the reaction. It’s important to note that energy does not make photosynthesis happen; energy transfers as a result of the reaction.
The compound chlorophyll (the green pigment in leaves) is a catalyst (C4.8) for the reaction.

Note: Polymerisation of glucose to starch is also an endergonic process. Starch is a key energy store in the body. When it hydrolyses, the reverse reaction of the polymerisation happens and energy is released (an exergonic change). If the energy transferred heats the surroundings, it is an exothermic reaction. At KS3 students are only need to use the term exothermic (C5.2).

It isn’t just biology

Matching SAPS resources to biology topics is not the only way that ‘plants’ can make a significant contribution to science lessons. They can also provide a context for learning about many chemistry and physics topics. Some teachers and students, for example, might find that abstract concepts and models about energy and matter may ‘come to life’ when set in the context of plants.
Therefore, Plants and KS3 Science also matches SAPS resources to chemistry and physics topics.

Plants might sit alongside examples of rocks and minerals, different types of materials, chemical compounds, molecular models, models of the solar system, pieces of apparatus (old and new) in science laboratories – providing an opportunity to draw ideas together and to prompt discussion within and between the three ‘sciences’: biology, chemistry and physics. This might also help to tackle some of the barriers to learning when different terminology and approaches are used in different sciences for the same concept. Energy stores and transfers is one example. The nature of matter is another.
Chemistry
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KS3 PoS Chemistry

     C3 Pure and impure substances
Introduction

Plants provide an interesting context for introducing ideas about pure substances (elements or compounds) and mixtures, including solutions. Fertilisers are mixtures of compounds that are the source of nutrients needed by plants. They offer an opportunity to apply ideas about pure substances and mixtures for a specific purpose – to improve the healthy growth of crops. Plants consist of complex mixtures of chemical substances. Identifying these substances and, in some cases, extracting them helps us understand how plants ‘work’ and also enables useful products to be obtained from plants.
Relevant SAPS resources and links to KS3 PoS
Practical activities 

	
	
	Links to KS3 PoS

	SAPS resource
	Comment
	B
	C
	P
	WS

	Using radishes in the lab
	Investigating in plants grow better with fertiliser (aimed at KS2 but could be adapted to more quantitative work at KS3). The effects of different levels of minerals on plant growth (post-16, so needs modification). 
	
	
	
	

	Using mung beans in the lab
	Investigate the effect of water on growing seedlings. This could be adapted to investigate fertiliser solutions, slow release fertiliser pellets and toxic materials such as heavy metal ions.
	
	
	
	

	Using cress in the lab
	The effect of heavy metal chlorides on cress seedlings; Investigate the germination of seeds and growth of seedlings in different levels of acid rain. The protocol could be adapted to investigate the effect of nutrients (made in the laboratory or commercial products).
	
	
	
	

	Copper pollution from mines
	How pollution from copper mines affects growth of plants. There are two sections: (a) the effect of copper on germination and growth with data and photos of the set up and results, (b) data on copper tolerant plants. 
	
	
	
	

	Extracting oil from plants
Extracting oil from nuts
	Separation of a complex mixture, including immiscible liquid separation using a dropping pipette and filtration.
	
	3.4
	
	

	Thin layer chromatography for photosynthetic pigments
	A protocol for the rapid and reliable separation of photosynthetic pigments in green plants using thin layer chromatography.
	
	3.4

3.5
	
	


Video clips
	
	
	Links to KS3 PoS

	SAPS resource
	Comment
	B
	C
	P
	WS

	Investigating the difference between organic and non-organic food.

	One of the ‘Introducing STEM careers’ series. Could provide an interesting starter to the use of fertilisers, though the meaning of ‘organic’ and ‘non-organic’ food is not addressed in the resource.
	
	
	
	


Others

	
	
	Links to KS3 PoS

	SAPS resource
	Comment
	B
	C
	P
	WS

	What do plants take to grow
	A lively approach to the advantages of growing plants hydroponically and the nutrients needed by plants. It includes a card sort activity on changes in farming practice. This might make an interesting starter.
	
	
	
	

	Plants as chemical factories
	A short activity to encourage students to think about the plants as chemical factories. It could lead to discussion about how the compounds produced can be separated and what they might be use for. A good starter.
	
	
	
	


Commentary
Plants provide an interesting context for introducing ideas about pure and impure substances. One approach might be look at fertilisers used to promote the healthy growth of plants (B3.6) and the effect of toxic materials on their growth (B8.4). Students might make a pure substance which may be used as a fertiliser, for example, ammonium sulfate and investigate its effect of on plant growth. They might be asked to find what chemical substances are in solid and liquid commercial fertilisers contain.

Similarly, students could investigate the effect of toxic materials, for example, heavy metal ions and acid rain, on plant growth.

Another opportunity is to separate compounds in plants, e.g. pigments, by chromatography to illustrate the separation of a mixture.
Physics
There are plenty of opportunities to illustrate and explore many physics ideas about energy, matter and change through plants. 

KS3 PoS: Physics: Motion and forces

     P5 Forces 
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Introduction
Plants provide an interesting context for introducing ideas about motion and forces, for example, the rate at which plants grow and how they are affected by forces such as the wind.

Relevant SAPS resources and links to KS3 PoS
Practical activities 

	
	
	Links to KS3 PoS

	SAPS resource
	Comment
	B
	C
	P
	WS

	Investigating fertilisers: the effects of minerals on plant growth
	“This experiment is inexpensive, easy to set up, reliable and generates plenty of quantitative results, suitable for analysis. However, it does require a light bank and the radish seed take 2-3 weeks to grow to a suitable size followed by 2-3 days to dry to a constant dry mass.”

Data analysis could include representing the growth on a mass-time graph.
	
	
	4.2
	

	Stresses and strains in plants – botanical biomechanics
	In Osmosis No. 22 Feb 2002. “But are any students curious enough to wonder about the forces involved in holding the leaves up, against gravity and wind? How do woody and herbaceous plants support their shoots and branches, their flowers and fruit and shed them at the appropriate time?”
Practical suggestions include: testing the stiffness and strength of a twig or a cylinder of tissue; measuring the force needed to pull a leaf from a twig; compression tests for testing softness and squashiness; stripping or peeling plant material.

http://www.saps.org.uk/attachments/article/83/osmosis22.pdf
This might also be linked to ‘Extracting fibres from plants’ http://www.nuffieldfoundation.org/practical-biology/extracting-fibres-plants
	
	
	5.1
5.2

5.4

5.5

5.6


	


Video clips

	
	
	Links to KS3 PoS

	SAPS resource
	Comment
	B
	C
	P
	WS

	To follow
	
	
	
	
	


Others

	
	
	Links to KS3 PoS

	SAPS resource
	Comment
	B
	C
	P
	WS

	To follow
	
	
	
	
	


Crude oil is a raw material. It is a ‘chemical feedstock’ from which numerous chemical compounds are made. These are then used to make a huge range of products, including medicines, cosmetics and hygiene products, and plastics. It is a. But as supplies of fossil fuels diminish and their cost rises, scientists are searching for chemical feedstocks. Plants and other biomass may be one.





A portable biorefinery for obtaining useful chemicals from biomass





Part of a petrochemical plant for obtaining useful chemicals from crude oil





Bending in the wind but rarely breaking. Tree trunks are made of wood – a material that combines strength and flexibility, properties that make wood a valuable construction material.








The strength and flexibility of wood can be measured in the laboratory.
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