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Growth in plants
Student Revision Notes
Introduction and context
The animations in this series illustrate a range of processes that take place in plants. Use the animation to observe movement and changes. The technical notes (separate download) will help you navigate the various parts of the screen, whilst these notes will provide additional information and links to help you learn more.

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

Guidance Notes

	Scene
	Points to note
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Growth points in a plant

You Tube video
	Unlike most animals, plants have specific zones where growth can occur, as shown by the circles on this screen. Each zone contains a meristem, which is a group of dividing cells, clusters of new cells which are increasing in size (elongation), and slightly older cells which become specialized into different tissues (differentiation).  This animation looks in more detail at two of these zones – in the root tip and in the stem.
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Increasing length – growth at the root tip

You Tube video
	Growth at the root tip results in the root being pushed further into the soil. To avoid abrasion the root tip is protected by a cap, which also needs a constant supply of new cells. Growth in the root is coordinated to ensure that root hairs for water absorption are only formed once elongation is complete, and to coincide with the formation of new xylem. More details about water uptake and transport can be seen in the animation ‘Transport of water and sugars in plants’. 
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Growth caused by cell division at root tip

You Tube video
	The cells in the zone of division are small and unspecialized. They divide by mitosis, forming two identical nuclei, before the cytoplasm divides between the nuclei and a new cell wall is formed. The cell then undergoes a period of growth before dividing once more.
As a flat two dimension animation it is difficult to appreciate the complexity of this process.  New cells are formed in all directions to create an elongating cylinder. The animation does not show how new cells in one direction form root cap cells, but form xylem and other root tissues in the other direction.
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Mitosis in a root cell

You Tube video
	The final scene in the root tip sequence illustrates how chromosomes behave during mitosis. Each chromosome consists of a pair of chromatids. These are pulled apart during anaphase by microtubules within the cell. The separate chromatids are then replicated to form new chromosomes, ensuring that each new cell formed is genetically identical to every other cell within the plant. The names of the different phases of mitosis are shown in the animation. There is also a photograph to show the appearance of onion cells undergoing different phases of mitosis for comparison. In the photograph the DNA of the chromosomes is artificially stained dark red.
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Increasing diameter – growth in vascular bundles

You Tube video
	Increasing the diameter of the stem enables the plant to grow taller. Patterns of growth are complicated as additional height needs additional xylem to provide support and extra water transporting capacity. New phloem is also needed to replace older damaged tissue. The dividing cells are located inside the vascular bundle in meristems called cambium.  

The animation shows how increasing diameter of the stem is brought about by an increase in the amount of xylem, and new phloem being pushed towards the edge of the stem. 
In trees, cambium forms a continuous ring and as growth continues, compressed xylem in the centre of the stem becomes wood, and the phloem is protected by bark.
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Growth caused by cell division in cambium

You Tube video
	The initial scene shows the arrangement of cells around the cambium, with mature cells towards the top and bottom of the picture and youngest cells in the centre.

For simplicity the animation then just focuses on one single column of cells. Similar changes to those shown in the animation take place at the same time throughout each vascular bundle.
Small undifferentiated cells in the cambium divide and are pushed outwards. They enlarge, by absorbing water driven by osmosis, and start to differentiate. Xylem cells become strengthened with lignin and lose their cell contents. Phloem cells develop a large vacuole and many phloem cells lose their nucleus.




Questions
1. List some possible ways of measuring the growth rate of a plant. Describe the advantages and some of the problems associated with each method. (Describe)

2. How does the root tip get the raw materials needed to create new cells? (Explain)

3. Use the information in these notes to explain why plants need specialized growth regions (meristems) unlike animals that have tissues each capable of creating new cells for growth or repair. (Analyse)

4. Compare and contrast the growth of sunflower plants with that of humans. (Link)



References and further reading
Ideas for measuring plant growth

http://www.sciencebuddies.org/science-fair-projects/project_ideas/PlantBio_measuring_growth.shtml
Plant meristems – for younger students

http://www.bbc.co.uk/schools/gcsebitesize/science/add_ocr_pre_2011/growth_development/singlecellrev2.shtml
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