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Student Inquiry Worksheet


Transpiration
Driving Questions
Does transpiration in plant leaves take place faster on a windy day or a day when the air is not moving?
Background
Transpiration is the evaporation of water from a plant surface. Guttation is the loss of water from the ends of vascular tissues at the margins of leaves. The amount of water needed by plants for growth and maintenance of tissue is small compared to the amount that is lost through the transpiration and guttation. If water lost from leaves is not replaced by water transported up from the plant roots, the plant will wilt and die.

The transport of water up the xylem tissue in plants is controlled by differences in the concentration of water molecules (water potential or pressure difference). In a root, minerals transported from the soil accumulate in the xylem vessels of the vascular tissues of the stem. This, along with the negative pressure (tension) in the xylem tissues, lowers the water potential of the xylem. Because of this difference, water will move into the xylem by osmosis, forcing fluid up the xylem vessels. This upward movement results in root pressure, but this pressure only moves water a short distance up the xylem. Transpiration ‘pulls’ the water and dissolved minerals (xylem sap) further up the xylem.
Materials and Equipment
For each student or group:

	· Data collection system
	· Knife

	· Barometer/low pressure sensor
	· Fan

	· Sensor extension cable
	· Bowl

	· Large base and support rod 
	· Glycerin, 1 mL

	· Clamp, utility 
	· Petroleum jelly, 2 to 3 g

	· Clamp, three-finger
	· Plant seedling, 12 to 15 cm tall

	· Pipet
	· Water, 1 L


Safety
Add these important safety precautions to your normal laboratory procedures:

· Be careful as you use a knife or razor blade to trim the plant stem. 

· Do not let the barometer/low pressure sensor get wet. 
Sequencing Challenge
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The steps below are part of the Procedure for this lab activity. They are not in the right order. Determine the proper order and write numbers in the circles that put the steps in the correct sequence. 
Procedure
After you complete a step (or answer a question), place a check mark in the box (() next to that step.

Note:  When you see the symbol "�" with a superscripted number following a step, refer to the numbered Tech Tips listed in the Tech Tips appendix that corresponds to your PASCO data collection system. There you will find detailed technical instructions for performing that step. Your teacher will provide you with a copy of the instructions for these operations.
Part 1 – Transpiration in Still Air
This portion of the lab looks at transpiration of a plant located in still air.
Set Up

1. 
(
Start a new experiment on the data collection system. �(1.2) 
2. 
(
 Connect a barometer/low pressure sensor to the data collection system using a sensor extension cable. �(2.1)
3. 
(
Display a graph on the data collection system showing Barometric Pressure (hPa) on the y-axis and Time (s) on the x-axis. �(7.1.1)
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4. 
(
Put a drop of glycerin on the barbed end of the quick-release connector, and insert the barb into one end of the plastic tubing. The barb will not go completely into the tubing. However, be sure that it is in far enough so it does not easily fall out. 

5. 
(
Use a knife or single-edge razor blade to cut the stem of a plant seedling 2 to 3 cm above the soil. Immediately immerse the cut end of the seedling in a bowl of water.

6. 
(
Trim the freshly cut end of the stem to a 45-degree angle, keeping the cut end submerged.

7.
(
Why do you think it is important to keep the plant stem under water after you cut it?

8. 
(
Bend the piece of plastic tubing into a "U-shape." Use a pipet or an eyedropper to fill the tubing with water.

9. 
(
Place the tubing into the bowl of water. While holding the tubing underneath the water, insert the plant stem, cut-end first, into the tubing. 

Note: Avoid creating air bubbles in the tubing.
10.
(
Raise the tubing and plant out of the water, keeping the tube in a "U" shape. Adjust the level of the tubing so there is a 2- or 3-cm air gap beneath the connector end. Water will spill out of the tubing. Be sure that water in the tubing always stays in contact with the plant.
Note: Don't allow the connector-end of the tubing to be lower than the plant-end of the tubing.

11.
(
Spread petroleum jelly around the end of the tube to create an airtight seal between the edge of the plastic tubing and the plant stem. If you see water leaking from the end of the tubing around the plant, add more petroleum jelly.

Note: Be sure that the petroleum jelly does not come in contact with the cut end of the plant stem. 

12.
(
Why do you think that petroleum jelly is needed?

13.
(
What would happen if the petroleum jelly came in contact with the cut end of the stem?

Note: If air bubbles form around the cut end of the stem, pull the tubing away from the stem. Use the eyedropper to refill the open end of the tubing with water. Put the stem back into the water in the tubing.

14.
(
Secure the tubing with the plant seedling in an upright position using a clamp and the base-and-support rod.
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15.
(
Mount the barometer/low pressure sensor to the support rod with the three-finger clamp. The pressure port should be above the cut end of the stem, preventing water from entering the sensor.
16.
(
Align the quick-release connector on the tubing with the connector on the pressure port of the sensor. Push the connector onto the port, and then turn the connector clockwise until it clicks (about one-eighth turn). 
Note: Make sure that no water enters the sensor. There should be a 2- to 3-cm air pocket between the water level and the pressure port.

Note: Do not move the sensor up or down on the support rod while recording data.

17.
(
Do you expect to see an increase or decrease in pressure if transpiration is occurring? Explain your answer.

Collect Data

18.
(
Start recording data. �(6.2)
19. (
Adjust the scale of the graph to show all data. �(7.1.2)
20.
(
Record data for 600 seconds (10 minutes), and then stop recording. �(6.2)
21.
(
To restore the pressure in the tubing to the original value, carefully disconnect and then reconnect the tubing to the sensor. 
Analyze Data
22.
(
Why is it necessary to restore the pressure?

23.
(
Describe your graph. What happened to the pressure?


24.
(
Name Run 1 "Still Air". �(8.2)
25.
(
What are some of the controlled variables in this experiment?

Part 2 – Transpiration in Moving Air
Set Up

26.
(
Place the fan at about 1 meter from the plant seedling. 
27. (
Put the fan on a low setting so it blows a light breeze over the seedling.

28.
(
What do you expect to happen to the rate of pressure change when you add wind? Explain your answer.

Collect Data

29.
(
Start recording data. �(6.2)
Note: A new graph page will automatically open with a new data run. 
30. (
 Adjust the graph to show all data. �(7.1.2)
31. (
Record data for 600 seconds (10 minutes, then stop recording data. �(6.2)
32.
(
Describe your graph. What happened to the pressure?

33.
(
Name Run 2 "Wind". �(8.2)
Analyze Data
34.
(
What is your independent variable (the variable you are changing) in this experiment?

35.
(
What is the dependent variable (the variable that responds to the changes of the independent variable)?

36.
(
Save your experiment �(11.1) and clean up according to your teacher's instructions. 
Data Analysis
1.
(
Draw a sketch of your Barometric Pressure versus Time graph for each data run, including scaling for the y-axis and x-axis. (You will have 2 sketches of data on one graph.) Be sure you correctly scale your sketches so you can compare one with the other.
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2.
(
Use the graph tools of your data collection system �(9.2)  to find the data from your graph to complete the first two columns in the Table 1.  Then, calculate the rate of transpiration. 
Table 1: Calculate the rate of transpiration of leaves in still air and in moving air
	Transpiration Run
	∆P (hPa)
	∆t (s)
	Rate of Transpiration (hPa/min)

	Without Fan
	
	
	

	With Fan
	
	
	


Analysis Questions

1.
What was the rate of pressure change in the plastic tubing? Does a decrease in pressure in the tubing correspond to an increase or to a decrease in water loss through the seedling's stomata? Explain.
2.
Did the fan affect the rate of pressure change? Explain how the fan affects transpiration. What natural phenomena does the fan mimic?

3.
Describe some adaptations that enable plants to minimize water loss from their leaves.

Synthesis Questions
Use available resources to help you answer the following questions.

1.
Would you expect all plant species to have the same transpiration rate under similar environmental conditions? Why or why not?

2.
Do you think that leaves or stems are more important in the process of evaporation through transpiration?

3.
Would exposing a cut stem to air affect the rate of transpiration as measured in this experiment? Explain your answer.

4.
How would covering the lower side of the leaves with petroleum jelly affect transpiration?

5.
Would the transpiration rate in a conifer leaf (needle) be higher or lower than a deciduous (broad) leaf? Explain your answer.

6.
What would the data look like if the leaves were removed from the plant prior to collecting data? How does this relate to what you know about transpiration?

7.
Describe the data you might obtain if the experiment was performed without a plant. Why are controls necessary in scientific investigations?

Multiple Choice Questions

Select the best answer or completion to each of the questions or incomplete statements below.

1.
Which of the following describes the fate of most of the water taken up by a plant?

A.
It is used as a solvent.

B.
It is used as a hydrogen source in photosynthesis.
C.
It is lost during transpiration. 
D.
It makes cell elongation possible.
2.
In a plant, where does transpiration take place?

A.
All parts of the plant

B.
Leaves
C.
Stem 

D.
Only the aerial parts

3.
Most transpiration takes place through the:
A.
Stomata
B.
Epidermis

C.
Stem 

D.
Cuticle

4.
All of the following can affect transpiration except:
A.
Humidity

B.
Temperature

C.
Air movement 

D.
Leaf color
Key Term Challenge
Fill in the blanks from the list of randomly ordered words in the Key Term Challenge Word Bank.
1. 
____________ is the evaporation of water from a plant surface. The amount of water needed by plants for growth and maintenance of tissue is ____________ compared to the amount that is lost through the transpiration. If water lost from leaves is not replaced by water transported up from the plant ____________, the plant wilts and dies.

2. 
The transport of water up the ____________ tissue in plants is controlled by differences in the concentration of water molecules. Because of this difference, water moves into the xylem by ____________, forcing fluid up the xylem vessels. This upward movement results in root pressure, but this pressure only moves water a short distance up the xylem. Transpiration pulls the water and dissolved minerals further up the xylem.

3. 
There are hundreds of ____________ 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 ____________ to enter, while water evaporates through each stoma in transpiration.

4. 
Studies have revealed that about 10 percent of the moisture found in the atmosphere is released by plants through transpiration. The remaining 90 percent is supplied mainly by evaporation from oceans, seas, and other bodies of water. Some factors affecting transpiration are ____________, ____________, and ____________.

Key Term Challenge Word Bank
	Paragraph 1
	Paragraph 2
	Paragraph 3
	Paragraph 4

	transpiration

small

roots

respiration
	xylem
osmosis

phloem
	stomata

photosynthesis

respiration
	humidity
air movement

air temperature

barometric pressure


Air bubble





The sensor is mounted above the cut end of the stem.





The cut end of the stem is mounted 1 to 2 inches below the sensor.





Analyze the data to find the change in barometric pressure and time. Determine the relative rates of transpiration.





Plant stem sealed with petroleum jelly





Water level is �2-3 cm below connector

















Adjust the scale of the graphs to show all data. Sketch the graphs of the collected data. 











Next, record data in moving air.











Mount the sensor to the support rod. Connect the seedling to the sensor using a water-filled tube. Set up a graph display.














First, record data in still air.





Quick-release connector
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