Biology Labs with Computers
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B09: Transpiration
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Name _____________________
Class ______________
Date _________


Activity B09: Transpiration in a Plant Leaf

(Low Pressure Sensor)

	Concept
	DataStudio
	ScienceWorkshop (Mac)
	ScienceWorkshop (Win)

	Cell biology
	B09 Transpiration. DS
	B09 Transpiration
	B09_TRAN.SWS


	Equipment Needed
	Qty
	Equipment Needed
	Qty

	Low Pressure Sensor (CI-6534)
	1
	Pipette (or eye dropper)
	1

	Base and support rod (ME-9355)
	1
	Tubing (w/ sensor)
	

	Bowl
	1
	Protective gear
	PS

	Clamp, buret (SE-9446)
	1
	Chemicals and Consumables
	Qty

	Clamp, three-finger (SE-9445)
	1
	Glycerin
	1 mL

	Connector (w/ sensor) 
	1
	Petroleum jelly
	2 – 3 g

	Electric fan
	1
	Plant seedling
	1

	Knife or razor blade (single edge)
	1
	Water
	1 L


What Do You Think?

[image: image5.wmf]The purpose of this activity is to study the rate of transpiration in a plant. How will the rate of transpiration under normal conditions compare to the rate of transpiration on a windy day?

Take time to answer this question in the Lab Report section.

Background

Transpiration is the evaporation of water from a plant surface[image: image6.png]


. 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. 

Transpiration involves a linked chain of processes: a) The concentration of water molecules in the air surrounding the leaf is lower than the concentration of water molecules in the moist air surrounding the leaf’s mesophyll cells, resulting in the movement of water vapor through the leaf’s stomatal openings into the surrounding air; b) the concentration of water molecules in the moist air spaces surrounding the mesophyll cells is now decreased, resulting in evaporation of water from the outside of the mesophyll cells; c) evaporation of water from the outside of the mesophyll cells causes water to be drawn from the inside of the mesophyll cell to its outer surface; d) the mesophyll cells now have a lower water potential than the xylem, resulting in water moving from the xylem to the mesophyll cells; e) the water potential in the xylem at the top of the plant becomes less than the water potential in the xylem in the lower part of the plant; f) through the combined forces of the differences in water potential, cohesion of water molecules due to hydrogen bonds, adhesion of the water molecules to the walls of the xylem cells, and root pressure, the upward force on the water molecules becomes greater than the force of gravity, and the water moves upward in the plant; g) as water moves up the xylem, the water potential in the roots’ xylem tissue decreases; h) when water potential in the roots becomes less than that of the surrounding soil, water moves into the roots, allowing the transpiration process to continue.

	SAFETY REMINDER
· Be careful as you handle the knife or razor blade used in this activity.


	[image: image1.wmf]


For You To Do

Connect a small plant to a Low Pressure Sensor. The plant’s leaves will experience transpiration – the evaporation of water from their surface. Use the Low Pressure Sensor to measure the change in pressure at the end of the plant stem as a result of transpiration. Then use a fan to blow air across the plant’s leaves and use the sensor to measure the change in pressure. Use DataStudio or ScienceWorkshop to record and display pressure versus time. 

[image: image7.wmf]Compare the rate of transpiration under normal conditions to the rate of transpiration when air blows across the leaves.

PART I: Computer Setup
1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer.

2.
Connect the Low Pressure Sensor DIN plug into Analog Channel A on the interface. 

3.
Open the file titled as shown:

	DataStudio
	ScienceWorkshop (Mac)
	ScienceWorkshop (Win)

	B09 Transpiration. DS
	B09 Transpiration
	B09_TRAN.SWS


•
The DataStudio file has a Workbook display. Read the instructions in the Workbook.

•
The ScienceWorkshop document will open with a Graph display of Pressure versus Time and a Digits display showing pressure.

•
Data recording is set for 1 measurement per second. 

PART II: Sensor Calibration and Equipment Setup
· You do not need to calibrate the Pressure Sensor for this activity since you will measure the change in pressure. 

· Equipment Setup is easier with two people: one to hold the plant seedling in place, and one to attach the plastic tubing and clamp.

The sensor is durable, but it is designed to be used with non corrosive gases such as air, helium, nitrogen, etc. Do not let the sensor get wet. The sensor comes with a length of plastic (polyurethane) tubing and several “quick-release” style connectors. 
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Prepare the Tubing

•
You will need one “quick-release” connector (included with the sensor), about 35 cm of plastic tubing (included with the sensor), and glycerin.

1.
Put a drop of glycerin on the barb end of the quick-release connector and insert the barb into one end of the plastic tubing.

[image: image9.wmf]1. Cut the stem at 45 degrees.

2. Spread a thick ring of petroleum jelly around the stem.

Prepare the Plant

•
You will need a plant, a knife or single edge razor blade, a bowl of water, and petroleum jelly.

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

3.
Shave the freshly cut end of the stem to a 45-degree angle, keeping the cut end submerged.

4.
Make a thick ring of petroleum about 1 cm wide on the plant stem about 5 cm from cut end. Make sure no jelly touches the cut end.

Put Water into the Tubing
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5.
Bend the piece of plastic tubing into a U-shape. Use a pipette or an eye dropper to fill the tubing with water.

6.
Hold the tubing over the bowl of water. Slowly raise the end of the tubing that has the quick-release connector until there is a 2 or 3 cm air gap beneath the connector. (Note: Some water will spill out of the other end of the tubing.)

Put the Plant into the Tubing

7.
Put your thumb over the end of the tubing and put the end of the tubing into the bowl of water. Remove your thumb and insert the plant stem, cut-end first, into the tubing. 


Avoid creating any air bubbles in the tubing.

8.
Spread the petroleum jelly around the end of the tube to create an airtight seal between the top edge of the plastic tubing and the plant stem.

•
NOTE: If air bubbles do 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.
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9.
Secure the plant seedling in an upright position with a clamp and the base and support rod.

10.
Mount the Low Pressure Sensor to the support rod with the three-finger clamp. The pressure port should be above the cut end of the stem. This will prevent water from entering the pressure sensor.

11.
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). Make sure that no water enters the Low Pressure Sensor. There should be a 2 to 3-cm air pocket between the water level and the pressure port.
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PART III: Data Recording
There are two parts to data recording. First, record the change in pressure while the plant is under ‘normal’ conditions. Second, use a fan to blow air across the leaves of the plant. 

PART IIIA: Transpiration – No Fan
•
Note: Do not move the Low Pressure Sensor up or down on the support rod while recording data. 

1.
Start data recording. Hint: In DataStudio, click ‘Start’. In ScienceWorkshop, click ‘REC’.

2.
Record data for at least 500 seconds.

3.
Stop data recording after 500 seconds. 

PART IIIB: Transpiration – Fan
1.
Place the electric fan at least 1 meter from the plant seedling. Turn the fan on to a low setting so it blows a light breeze over the seedling.

2.
Record data for at least 500 seconds. 

Optional
Determine the effect of the following environmental factors on the rate of transpiration:

· Light intensity

· Humidity

· Temperature

Analyzing the Data
1.
Use the Graph’s built-in analysis tools to find the rate of change of pressure for each run of data. 

[image: image13.png]


•
Hint: In DataStudio, click ‘Run #1’ in the Graph legend to make it the active run. Click the ‘Smart Tool’ button ([image: image2.png]


) in the Graph. The ‘Smart Tool’ displays the coordinates of its position as you move it to any position in the Graph display. When the ‘Smart Tool’ is on a data point, the ‘x’ coordinate is the time and the ‘y’ coordinate is the pressure value at that point. 

[image: image14.wmf]•
Move the ‘Smart Tool’ to the point on Run #1 where the pressure begins to change. Move the cursor to a corner of the ‘Smart Tool’. Notice that the cursor changes to a delta shape ([image: image3.png]


). Click-and-drag the delta cursor to the end of Run #1. The ‘Smart Tool’ shows the change in time and the change in pressure between the starting and ending points.

•
In ScienceWorkshop, click the ‘Smart Cursor’ button ([image: image4.png]


) and move the cursor into the display area. The coordinates of the cursor are displayed in the label area of the Y-axis and the X-axis.

[image: image15.wmf]•
Move the ‘Smart Cursor’ to the point on the first run where the pressure begins to change. Click-and-drag the ‘Smart Cursor’ to the end of the run. The change in pressure appears along the Y-axis and the change in time appears along the X-axis. 

2.
Record the change of pressure and the change of time between the beginning and end points for the first run of data.

3.
Repeat the process to find the change of pressure and time for the second run of data (transpiration with a fan). 

•
Hint: In DataStudio, click the second run of data in the Graph legend. In ScienceWorkshop, click the Experiment menu and select ‘Run #2’ from the end of the menu.

4.
Calculate the rate of transpiration in kilopascals per minute. (Hint: Convert the time from seconds to minutes.)

Record your results in the Lab Report section.

Lab Report - Activity B09: Transpiration

What Do You Think?

The purpose of this activity is to study the rate of transpiration in a plant. How will the rate of transpiration under normal conditions compare to the rate of transpiration on a windy day?

Data Table

	Transpiration Run
	∆P (kPa)
	t (s)
	Rate of Transpiration (kPa/min)

	No Fan
	
	
	

	With Fan
	
	
	


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 a decrease in water loss through the seedling's stomates? 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?
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