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Transport of water and sugar in plants 

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 (* animation title; video title is Plant transport – xylem and phloem)

· 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 a root

You Tube video 0.20/4.00
	Water (blue) moves into the root through the epidermis, which has been modified to increase surface area. The epidermal cells in this region have outgrowths called root hairs, which can be several millimetres long. Water, carrying solutes, moves across the cortex to xylem in the centre of the root which conducts water up to the rest of the plant.

Sugars (red) are transported down the root in the phloem. This process is translocation. 
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Magnified vertical section through a root

You Tube video 0.48/4.00
	Water can move between cortex cells along the porous cell walls until it reaches the endodermis. This is the apoplast route. It can also move through the cytoplasm of the cortex cells, the symplast route.

At the endodermis, lignified material in a band around the cells (Casparian strip) stops water moving through the apoplast so all water has to travel into the xylem in the root via the symplast. It moves into the lignified xylem cells due to pressure differences in the root, where it is transported upwards. The animation shows water appearing to go through the phloem cells to reach the xylem, whereas in a root, water would go round the phloem and not through it.

Notice sugars moving down the phloem within the cytoplasm. There is no cytoplasm in xylem cells. Notice also which cells have nuclei.
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Vertical section through a stem

You Tube video 1.44/4.00
	Water moves up the xylem in the transpiration stream due to there being a pressure gradient drawing water up from the bottom to the top of the plant. The water is drawn up by the tension created by evaporating water in the leaves, and cohesion and adhesion between water molecules. Some water moves into the cortex cells of the stem as it flows through the xylem.

Sugars move by translocation due to the movement of cytoplasm within phloem cells. The net movement of sugars is down the plant as sugars are produced in the leaves. Some sugars are absorbed from phloem by the stem cells for use in metabolism.
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Magnified vertical section through a stem

You Tube video 2.08/4.00
	Some sugars are shown moving into cortex cells where they are used. Sugars are not absorbed and used by fibres which have no cytoplasm. These have lignified walls, like xylem, and are used to help provide mechanical support for the stem.

Note that there are two cell types in the phloem. The main conducting cells are sieve tube elements and have no nucleus. Each sieve tube element has a neighbouring cell, the companion cell, which provides the metabolic functions of the sieve element.
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Vertical section through a leaf

You Tube video 2.29/4.00
	Within the midrib of the leaf are xylem and phloem tissue, carrying water and sugars respectively.

The xylem also provides a supporting structure for the leaf, with additional supporting tissue to help prevent the leaf lamina from drooping. The cells of the leaf need to be kept turgid, using water and solutes from the xylem to maintain osmotic pressure. A failure to maintain this osmotic pressure results in wilting.

Notice that sugars originate from palisade and mesophyll cells and move to the phloem where they are translocated to other parts of the plant.

Notice the stomata on the lower leaf surface, which are bounded by green guard cells.
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Vertical section through leaf cells

You Tube video 3.01/4.00
	The stoma is surrounded by a pair of guard cells that contain green chloroplasts. The stoma allows the exchange of gases between the air outside the leaf and the inside of the leaf. The animation shows the stoma open, the leaf is illuminated, and water is moving out of the leaf whilst carbon dioxide can move in.

At one point in the animation water and carbon dioxide move into a chloroplast in a palisade cell and result in sugar being released. This is explained in more depth in the next animation – Respiration and photosynthesis.




Questions / suggested answers
1. The endodermis of the root prevents water entering the vascular tissue via the apoplast route. How does this benefit the plant? (Describe)

The Casparian strip is a barrier to the movement of water between cells. Water, and any solutes therefore have to pass through the membranes of cells. This membrane transport allows the plant to regulate the quantities of materials entering the rest of the plant.
2. How does the plant produce a pressure difference within the phloem causing sugars to be moved from leaf to root? (Explain)

In the leaf, source sugars are pumped into phloem cells lowering the water potential of the cell contents and causing water to enter by osmosis, and thus increasing the pressure. In the root (sink), sugar is removed from the phloem, raising the water potential causing water to exit by osmosis and thus reducing the pressure. These two processes cause a pressure difference to exist across the phloem, with the gradient in pressure driving sap movement by mass flow. Sugars can also flow upwards from source leaves to developing shoots and flowers by the same mechanism.
3. Suggest some reasons why wilting could be a useful survival mechanism for plants in times of water stress. (Analyse)
Reduction in cell volume causes the cells to become flaccid and to wilt.  In guard cells this causes the stomata to close and therefore reduce transpiration rate. Mesophyll cells that undergo wilting will not be able to support the mass of the leaf lamina causing the leaf to collapse. There will now be less leaf area exposed to radiation from the sun, reducing leaf temperature. The collapsed leaf will tend to trap moist air and reduce the concentration gradient of water vapour between the inside of the leaf and surrounding air, causing a reduction in transpiration rate.
4. How does the movement of water and sugar in a plant contrast with the movement of the same materials in mammals? (Link)
In plants, water and solutes are moved by unidirectional mass flow systems. Xylem sap is drawn from the root to the shoot by cohesion and tension between water molecules, with the driving force ultimately being the loss of potential energy as water changes from a liquid to vapour during evaporation.  Sugars are actively uploaded into the phloem from leaf (source) cells, creating a pressure gradient driving movement to other parts of the plant (roots and growing tip sinks).

In animals there is a single mass flow circulation system for the transport of solutes and gases. The blood system circulates around all tissues, and the system depends on pressure differences created by muscle action (pumps) rather than the osmotic pressure or potential energy of evaporating water in plants.


References and further reading

How plants can suck water from the sky

http://www.saps.org.uk/secondary/news-and-research/1267-how-plants-can-suck-water-from-the-sky
The pressure-flow hypothesis of phloem transport: misconceptions in the A-level textbooks
http://www.tandfonline.com/doi/abs/10.1080/00219266.2002.9655814#.VFEZEYfv2fQ
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