Whole Plant Transpiration Lab

Objective:  Students will be able to investigate, analyze, and explain how the following conditions –normal room conditions, in high humidity, in high light, or in the presence of wind – affect the rate of plant transpiration.

Movement of Water in Plants
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, the evaporation of water from the leaves, is the major factor that pulls the water up through the plant.   It is important to recognize that this upward conducting tissue is continuous through vascular or tracheophyte plants, starting at the roots and continuing upward through the plant to the leaves.

Transpiration
There are hundreds of stomata in the epidermis of a leaf. Most are located in the lower epidermis. This reduces water loss because the lower surface receives less solar radiation than the upper surface. Each stoma allows the carbon dioxide necessary for photosynthesis to enter, while water evaporates through each one in transpiration.

Guard Cells
Guard cells are cells surrounding each stoma. They help to regulate the rate of transpiration by opening and closing the stomata.

 Your group will be assigned one plant and one set of conditions in class.  You will record your data and it will be posted for all groups and all classes to include as part of the overall data chart, which will be posted online as a Google document, which has been posted on biowithoutwalls.com. 

Review the following websites: 

The pre-lab questions are part of this site: http://www.phschool.com/science/biology_place/labbench/lab9/intro.html 

This site has an excellent review of the factors affecting transpiration: http://croptechnology.unl.edu/animation/transpiration.swf 

Procedure Day 1:

1. Obtain ten cups of radish seedlings per group.

2. Label the cup with the conditions (control, light, wind, or humidity) that you were assigned and the cup number (1-10).

3. Add a small amount of water to the plant, just so the soil is damp, not soggy.

4. Take a plastic bag and tie it around the cup and soil to prevent water loss due to evaporation. Tie this loosely with string or a rubber band. You may have to trim down the excess plastic due to the size of the bag.

5. Mass the cup and plant together.  

6. Record in your data sheet.

7. Place your cup in the appropriate place for the conditions you were assigned.

· Control:  On the classroom lab counter.
· Light:  Under the grow light. We will use a heat sink (a jar filled with water) to prevent the heat from the light from affecting transpiration.

· Wind:  In front of the fan set to low.

· Humidity:  Place a Ziploc bag over the top of your plant and use a rubber band to secure around the top of the cup.  Place it in the designated spot near the control plants.

Procedure Days 2:

1. Get your plant and mass the cup and plant.

2. Record in the data chart and on the group data chart online. 

3. Calculate the percent mass loss for each group’s results and find the average percent mass loss for each condition.  This mass loss is due to water loss through transpiration.

a. Calculation of percent change in mass: 
(Mass(g) day 1 – mass day 2(g))/(mass day 1(g)) x 100 = percent change in mass

Analysis Questions

1. Calculate the rate of transpiration by calculating the percent change in mass. Include a sample calculation with your data.
2. On a bar graph, graph the average percent change in mass for each group.

3. From these data, explain which environmental condition most influenced the rate of transpiration in plants. Use your data!

4. Consider each environmental condition. How does each condition affect the water potential inside of and outside the plant? (Take a look at this website: http://croptechnology.unl.edu/animation/transpiration.swf) 
5. How does each environmental condition affect transpiration pull?

6. How do changes in water potential involving the guard cells influence the rate of transpiration? Briefly review guard cell function as it relates to water potential and transpiration?
7. What is the advantage to a plant of closed stomata when water is in short supply? What are its disadvantages?

8. Explain how the polarity of the water molecule produces hydrogen bonding between water molecules. You should include a diagram of hydrogen bonding between water molecules.

9. Besides transpiration pull, identify and briefly explain three other factors associated with upward pull in vascular plants.
10. Discuss several adaptations that enable plants to reduce water loss from leaves. Include both structural and physiological adaptations.

