Water Transport in Plants

Name:  _________________________
1. Review:  water into roots from soil

a. Symplastic route:

b. Apoplastic route:

c. Casperian strip:

2. Structure of the xylem
a. Xylem forms a ____________________________ from the root up through the stem to the leaf
b. The cytoplasm, cell membrane and ends of the cell wall of xylem cells break down to form a continuous tube
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c. Xylem tubes are strengthened with ___________ and other structural __________________________ embedded in the cell wall - this helps the plant stand upright in the face of wind and other mechanical factors such as being stepped on by animals. 
d. There are two types of xylem cells:

i. ______________________:

1. Long and tapered, with angled end-plates that connect cell to cell
2. More primitive 
ii. ______________________:
1. Shorter, much wider, and lack end plates

2. Occur only in angiosperms
3. Transpiration 

a. Definition:  ______________________ of water from plants through the leaves and stem (mostly leaves)
b. The rate of transpiration is controlled via opening and closing of ___________________
i. Each stomata is formed by two specialized ______________________
ii. Function:
1. Stomatal closing – _________________
a. _________________ ions move out of the vacuole and out of the cells.

b. _________________ moves out of the vacuoles, following K+ ions.

c. The guard cells ________________________.

d. The stoma closes to _______________________
2. Stomatal opening – ___________________
a. _________________  ions move into the vacuoles.

b. Water moves into the vacuoles, following potassium ions.

c. The guard cells _________________
d. The stoma opens, allowing for _________________ entry (a benefit) and _________________  loss (a cost)

3. If water loss is too severe during the day, _________________ cells in the leaf release ____________________ which stimulate stomata closure.  

4. How does water get from the roots to the leaves?
a. ______________________________________
i. The evaporation of water through transpiration pulls more water up the plant from the roots to the leaves

ii. Cohesion and adhesion act together to maintain the water column all the way up from the root to the stomata.

1. Water molecules are weakly attracted to each other by ____________________________ (cohesion). 

2. _______________ between water molecules and the ____________________ tracheid and vessel walls
b. ___________________________________

i. Minerals are actively loaded into the xylem which in turn causes water to enter the xylem vessel (via osmosis)

ii. ___________________  within the xylem increases, forcing water upward. 

iii. This is probably not a major factor in water movement
5. How do abiotic factors affect the rate of water transport?
a. Light:  
b. Temperature:  
c. Humidity:  
d. Wind:  
e. Soil water:   
6. How do plants reduce water loss?
a. ____________________ are plants that have adaptations to reduce water loss or indeed to conserve water.   They occupy habitats in which there is some kind of water stress.  Examples:
b. Adaptations

i. ________________________:  repels water loss through the upper and lower epidermal cells. 
ii. ________________________:  this places the stomata in an enclosed space not exposed to the wind, allows layer of humidity to build up which reduces water loss by evaporation.
iii. ________________________:  allow water vapor to be retained which reduces water loss through the stomata pores. 
iv. ________________________:  to remain out of the wind, reducing the rate of evaporation of water
v. ________________________: 

1. store water in their leaves and/ or stems

2. the storage of water often gives succulent plants a more swollen or fleshy appearance than other plants   
vi. ________________________:
1. Examples:  cacti and bromeliads (i.e. pineapples)

2. _________________________________________

3. Converts CO2 to malic acid (  carbon gets stored until the day time
4. During the day, the stomata close (thus conserving moisture)

5. The accumulated malic acid is broken down to release CO2. 

6. The CO2 is taken up into the Calvin (C3) cycle of photosynthesis
vii. ________________________:

1. Examples:  corn and sugar cane

2. Open up stomata for a ________________________________________________
3. carbon dioxide can be __________________________________________ by converting it to malic acid 
4. photosynthesis can continue during the day without opening the stomata by using the stored CO2
Assessment statements:
	9.2.4
	State that terrestrial plants support themselves by means of thickened cellulose, cell turgor and lignified xylem.

	9.2.5
	Define transpiration.

	9.2.6
	Explain how water is carried by the transpiration stream, including the structure of xylem vessels, transpiration pull, cohesion, adhesion and evaporation.

	9.2.7
	State that guard cells can regulate transpiration by opening and closing stomata.

	9.2.8
	State that the plant hormone abscisic acid causes the closing of stomata.

	9.2.9
	Explain how the abiotic factors light, temperature, wind and humidity, affect the rate of transpiration in a typical terrestrial plant.

	9.2.10
	Outline four adaptations of xerophytes that help to reduce transpiration.


Helpful websites:

Water Transport
· http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/X/Xylem.html
· http://croptechnology.unl.edu/animationOut.cgi?anim_name=transpiration.swf
· http://www.phschool.com/science/biology_place/labbench/lab9/transpull.html
Adaptations

· http://www.mbgnet.net/bioplants/adapt.html
· http://www.desertusa.com/du_plantsurv.html
