Stomata & Transpiration Background Information

Most plants lose 90% of the water taken into the roots as a result of the process of transpiration. Transpiration is the movement of water molecules from the plant into the air. Most water loss is through the stomata when they are open for photosynthesis.  Stomata are microscopic pores found on the under side of leaves.  The stomata are bounded by two half moon shaped guard cells that function to vary the width of the pore. Each guard cell contains chloroplasts. The glucose concentration of the cells changes with the photosynthetic activity and therefore it is the guard cells that regulate the opening and closing of the stoma.
Plants carry on the process of photosynthesis by combining together several ingredients in their leaves.  These materials are gaseous( carbon dioxide),  liquid ( water ), and one is energy ( sunlight ). When we look carefully at the anatomy of a leaf, it is easy to see how these materials are brought into the leaf so that they can form the food. The stomata are an important part of the way in which this transfer of ingredients occurs, transferring the CO2 from the surrounding atmosphere into the plant and providing an exit for the (toxic) waste product of photosynthesis, oxygen. 

In light, the guard cells swell, causing the pore to be at its widest, and CO2 diffuses into the leaf and into the cells to be assimilated in photosynthesis. In the dark or under drought conditions the guard cells are not turgid (not swelled), the stomata are closed and no photosynthesis takes place. Opening of the stomata not only allows CO2 to diffuse into the leaf, but allows water vapor and oxygen to diffuse out of the leaf. Plants keep their stomata open just enough to allow photosynthesis to take place but not so much that they lose an excessive amount of water. Guard cells respond to conditions in the environment, such as wind and temperature, helping to maintain homeostasis within a leaf.

In general, stomata are open during the daytime, when photosynthesis is active, and closed at night, when open stomata would only lead to water loss.  However, stomata may be closed even in bright sunlight under hot, dry conditions in which water conservation is a matter of life and death.

By using high-powered microscopes we are able to view the stomata, clearly seeing the guard cells surrounding them.
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Transpiration is not simply a hazard of plant life. It is the "engine" that pulls water up from the roots to: 

· supply photosynthesis 

· bring minerals from the roots for biosynthesis within the leaf 

· maintain homeostasis 
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Movement of Water in a Plant
Water enters a plant through the root hairs, 

passes through the tissues of the root into 

the xylem, and travels up through the xylem 

vessels into the leaves. Transpiration is the 

major factor that pulls the water up through 

the plant.  When water enters the roots, 

hydrogen bonds link each water molecule 

to the next so the molecules of water are 

pulled up the thin xylem vessels like beads 

on a string. The water moves up the plant, 

enters the leaves, moves into air spaces in 

the leaf, and then evaporates (transpires) 

through the stomata (singular, stoma).

Transpiration and Photosynthesis
A leaf needs carbon dioxide and water for photosynthesis. For carbon dioxide to enter, the stomata on the surface of the leaf must be open. As you have seen, transpiration draws water from the roots into the leaf mesophyll. However, the plant must not lose so much water during transpiration that it wilts. The plant must strike a balance between conserving water and bringing in sufficient amounts of CO2 for photosynthesis.

Factors That Affect the Rate of Transpiration

Environmental conditions can cause changes in the opening and closing of the stomata. Some environmental conditions will increase the rate of transpiration, while others will slow it down.

1. Light - Plants transpire more rapidly in the light than in the dark. This is largely because light stimulates the opening of the stomata (mechanism). Light also speeds up transpiration by warming the leaf. 

2. Temperature - Plants transpire more rapidly at higher temperatures because water evaporates more rapidly as the temperature rises. At 30°C, a leaf may transpire three times as fast as it does at 20°C. 

3. Humidity - The rate of diffusion of any substance increases as the difference in concentration of the substances in the two regions increases.  When the surrounding air is dry, diffusion of water out of the leaf goes on more rapidly. 

 4. Wind - When there is no breeze, the air surrounding a leaf becomes increasingly humid thus reducing the rate of transpiration. When a breeze is present, the humid air is carried away and replaced by drier air. 

 5. Soil water - A plant cannot continue to transpire rapidly if its water loss is not made up by replacement from the soil. When absorption of water by the roots fails to keep up with the rate of transpiration, loss of turgor occurs, and the stomata close.  This immediately reduces the rate of transpiration (as well as of photosynthesis). If the loss of turgor extends to the rest of the leaf and stem, the plant wilts. 

The volume of water lost in transpiration can be very high. It has been estimated that over the growing season, one acre of corn plants may transpire 400,000 gallons of water. As liquid water, this would cover the field with a lake 15 inches deep. An acre of forest probably does even better. 

Name: ___________________ Per. _____

Stomata & Transpiration Questions
1. What are stomata?

2. What is the function of guard cells?

3. What materials are combined together during photosynthesis?

4. What happens to guard cells in the light? How does this affect the stomata?

5. What happens to photosynthesis when the stoma is closed?

6. What external stimuli can cause the stoma to open and close?

7. During what type of conditions would the stomata be closed in sunlight? 

8. Draw an open stoma and a closed stoma. Label the guard cells.

9. Describe the process of transpiration (use the words: roots, xylem, hydrogen bonds, transpire, and stoma).

10. How does temperature affect the rate of transpiration?

11. What causes a plant to wilt?

Bonus: List a variable that might affect the transpiration rate of plants.  Briefly describe an experiment that would test the effect of this variable.
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