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Respiration and photosynthesis
Teaching Notes
Introduction and context
The animations in this series illustrate a range of processes that take place in plants. The animation can be used to observe movement and changes. The technical notes provided as a separate download explain how to navigate the various parts of the screen, whilst the teaching notes provide information and links to help explain the various processes.
The animations in this series are:

· Transport of water and sugar in plants 

· Respiration and photosynthesis

· Cell growth and division

The purpose of these animations is to illustrate how the different processes going on inside plant are dependent on each other, and to show how different structures support these processes. 


Teaching Notes

	Scene
	Points to note
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Vertical section through leaf cells (in the dark)

You Tube video 0.28/4.38
	The first scene represents the movement of material within the leaf in the absence of light. Note the stoma is closed, preventing the exchange of material between the leaf and its surroundings. For simplicity, the movement of material through the epidermis and cuticle of the leaf is not shown. 
Notice that inside the leaf, respiration leads to oxygen being consumed and carbon dioxide  released. These changes occur within the leaf cells, and alter the composition of the air inside the leaf spaces.
The sequence plays through twice with a slight jump when the sequence restarts. Watch the sequence through once and then track the movement of individual coloured dots as it plays a second time.
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Vertical section through part of a palisade cell (in the dark) 

You Tube video 1.30/4.38
	This is a close up view of a palisade cell in the absence of light. The mitochondrion is using up sugar from the cytoplasm and oxygen from the air spaces in the leaf. It is producing carbon dioxide and water, which diffuse through the cytoplasm to the air space surrounding the cell. The process taking place in the mitochondrion is respiration. A simple bar chart shows that respiration is proceeding at a steady rate, and that there is no photosynthesis. Check the chloroplast in the animation – for simplicity there is no net movement of material  shown, although in practice there will be interconversion of different carbohydrates taking place.  
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Vertical section through leaf cells (in the light)

You Tube video 2.35/4.38
	In the light, the stoma is open allowing greater exchange of material between the air spaces in the leaf and the leaf surroundings. Water is moving up the xylem, and diffusing through the airspace into the air surrounding the leaf. (transpiration) Some water is being used by leaf cells. The ‘Transport of water and sugar in plants’ animation in this series provides more detail on water movement.
There is a net movement of oxygen out of the leaf. 
There is a net movement of carbon dioxide into the leaf. 
Note the chloroplast shown in one of the cells surrounding the stoma (guard cell). Guard cells are the only epidermis cells to contain chloroplasts.
For simplicity the movement of material through the epidermis and cuticle is not shown. The amount of material transferred through the epidermis is much less than that transferred through stomata.
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Vertical section through part of a palisade cell (in the light) 

You Tube video 3.35/4.38
	The bar chart shows that the rate of photosynthesis is much greater than the rate of respiration in the light. Respiration rate stays approximately constant irrespective of light levels. 
Sugar is being produced – some is used by the mitochondrion in respiration and some is exported (to the phloem – see the animation ‘Transport of water and sugar in plants’). Oxygen is also produced. Some oxygen is used in the mitochondrion, but most moves by diffusion into the air space and then out of the leaf.
More carbon dioxide is needed for photosynthesis than is produced in the mitochondrion by respiration. Additional carbon dioxide is absorbed from the air space which results in very low levels of carbon dioxide in the leaf. A shortage can prevent further photosynthesis taking place, at which point carbon dioxide availability becomes a limiting factor.
Note this animation shows the effect of either the presence or absence of light. You should also consider the effect on the plant of changing light levels throughout daily or annual cycles.




Questions
1. Describe what happens to the rate of respiration and the rate of photosynthesis over a 24 hour cycle if the plant is illuminated for 12 hours followed by 12 hours with no light. If you graphed the two rates, how would the area under each of the curves compare? (Describe)
Possible answers may include:

· The rate of respiration would stay constant over 24 hours (allowing for variations in temperature). The rate of photosynthesis would increase once it starts to get light and fall again once the light begins to fade. During bright sunlight the rate will be constant. There would be no photosynthesis in the dark. The total amount of photosynthesis (area under the graph) exceeds the amount of respiration if the plant is to continue growing.
2. Which colours used in the animations represent the natural state of tissues, and which represent staining techniques used in microscopy to help distinguish between different cell types. (Explain)
Possible answers may include:
· The chloroplasts are shown green as this is their normal colour.

· Xylem is shown red as this is the most common stain colour used when preparing plant tissue for microscopy.

· Cell walls have been shown grey, to represent transparency

· Phloem has been shown pale yellow, to represent cells with a dense cytoplasm, but in practice it would be difficult to distinguish phloem tissue from parenchyma tissue on colour alone.

· Nuclei often appear as darker shapes within the cytoplasm. In the animation they have been represented by dark brown.

· Mitochondria are represented in the animation are brown, but would not appear this colour when observed using a microscope.
3. Different compounds are represented in the animation by coloured dots. Are these a fair representation of what happens inside plant tissues? (Analyse)
Possible answers may include:

· The movement of the dots represents movement by diffusion of material (molecules) within the plant, but in living tissue materials would be moving at very different rates.

· The dots are coloured to distinguish the different materials. Molecules moving in the plant would not be coloured in this way.

· The dots are of similar size, but different materials in plants are different sizes.

· A small number of dots represents many molecules. The number of dots has been reduced to avoid confusion.
4. Mammals can regulate internal conditions through homeostasis. To what extent does homeostasis explain how processes are regulated in plants such as the sunflower seen in this animation? (Link)
Possible answers may include:

· Plants do not use similar homeostatic mechanisms to animals involving sensor – coordinator – effector. Control in plants is less well understood, as their anatomy does not include discrete organs and tissues for coordination. Control of processes in plants is strongly influenced by the plant environment- for instance during transpiration water evaporates through stomata to cool the leaves; the leaf temperature increases when stomata are closed. Plants have adapted a number of ways to offset environmental influences and these are best seen in plant living in extreme conditions – including the arrangement of stomata, distribution of photosynthetic cells within the leaf, and different photosynthetic mechanisms for dealing with extreme conditions.



References and further reading
Further reading for teachers

Photosynthesis 

http://www.saps.org.uk/secondary/teaching-resources/134-photosynthesis-a-survival-guide-teaching-resources
Respiration

http://www.saps.org.uk/secondary/news-and-research/692-news-increased-rainforest-growth-could-release-soil-carbon
Further reading for students

All about stomata and why they open

www.saps.org.uk/saps-associates/browse-q-and-a/1101
Respiration in plants

www.saps.org.uk/saps-associates/browse-q-and-a/321
Increasing the rate of photosynthesis
www.saps.org.uk/secondary/news-and-research/641
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