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I. TEACHER NOTES & GUIDELINES

TITLE OF LAB: Transpiration in Plants  

DEVELOPERS OF LAB: John Fedor JD414, Maureen Vrana JD433, Bryan Woods JD434, David Grover JD824

OVERVIEW OF LAB


DESCRIPTION: 


Through this activity students will study the process of transpiration and the concept of
 
transpiration pull.  In this lab, a small plant or a piece of a small plant will be connected 
to a low-pressure sensor.  The change in pressure at the end of the plant stem as a result 
of transpiration is measured with the low-pressure sensor.  The data will be recorded on a 
graph and displays of pressure versus time.

CURRICULUM CONSIDERATIONS:  

This is geared towards Regents Biology.  This lab can be used when studying the topics of transport and gas exchange in plants.

REAL WORLD APPLICATIONS:  

Helps to explain the primary mechanism for movement of water upward in plants.

SAFETY CONSIDERATIONS: 


1. A scalpel will be used to cut a plant petiole.


2. The use of water near electrical equipment.


BACKGROUND INFORMATION

A. SCIENTIFIC VIEWPOINT: This lab will help explain why plants lose water on a daily basis. There are three factors that contribute to the movement of water through plants from the roots to the leaves: transpiration, root pressure, and capillary action.  Openings in the leaves are called stomates, the sizes of which are regulated by guard cells.  If the water lost by the plant is not replaced, the plant will wilt and die.  Although most veteran teachers are familiar with the terms, here is a list of some frequently used terms in the regents syllabus:  

1. Leaf structure: mesophyll, pallisade layer, stomates,  guard cells, petiole, cuticle, vein

2. Vascular tissue: xylem, phloem

3. Adhesion

4. Cohesion

5. Root pressure

6. Capillary action

7. Transpiration

8. Transpirational pull

9. Osmosis

  FYI:  1 atm = 1.015 x 105 Pa = 1.015 x 102 kPa = 7.5mmHg = .15psi



B. COMMON MISCONCEPTIONS

1. Osmosis alone will move water molecules upwards.  Root pressure, capillary action and transpirational pull will move water molecules upward.

2. Humidity has no effect on water movement.  Low humidity will allow an increase in the rate of transpiration due to an increase in evaporation. 
3. Energy is required for water to move upwards in the plant.  The mechanism for water transport requires no energy.
4. All plants have the same number of stomates in their leaves.  The number of stomates on the leaf varies with the plant species.
5. Stomates and guard cells are the same structure.   Guard cells regulate the size of the opening known as the stomate.
6. Any leaves can be used in studying transpiration.  Transpiration is best studied using younger leaves, not mature ones.
7. Stomates only open at night.  Stomates can open during the day or night.
8. Plants breathe only at night.  Plants carry out respiration, not breathing and this respiration is performed day and night.
9. Leaves can absorb water like a sponge.  The roots absorb water at the root hairs.
10. Water absorbed by the roots stays there.  Water must be transported from the roots, through the stems, to the leaves in the xylem conducting tissue.
OBJECTIVES

To measure the pressure caused by the transpiration of water in a plant.

To graph the data collected and assign a value for the slope of the line. 

To design an experiment to study other factors that may effect transpiration.

EQUIPMENT/MATERIALS


PROVIDED BY SOTM



Laptop Computers



Interfaces and Cables

Low pressure sensors with Plastic Tubing and Syringes



Eye dropper



Lamps



Scalpels



Spray Bottles with Water



Petroleum jelly



Plastic bags










Three fingered clamp (hold the sensor)

Temperature clamp (to hold the tubing)



Swab applicator for petroleum jelly


PROVIDED LOCALLY


 
Plants



Electric Fan



Ring stand



Water



100 ml beakers



Large container 

ADVANCE PREPARATION

The teacher can obtain plants, at their own discretion, that fit the following requirements:

1. Plant with young broad leaves.

2. Plant stem must be able to fit into the tubing.

3. Leaves of succulent plants should be avoided.

4. Possible plants for use:  tomato plants, bean plant, marigolds, petunias, common weeds (Weeds work extremely well).

II. PRE-LAB

PRE-LAB EXERCISE TO ELICIT STUDENTS’ PRIOR KNOWLEDGE AND MISCONCEPTIONS
This is to be done the previous day in class or for a homework assignment the night before.

Define the following terms:

1. Leaf structure: mesophyll, palisade layer, stomates ,  guard cells, petiole, cuticle, vein

2. Vascular tissue: xylem, phloem

3. Adhesion

4. Cohesion

5. Root pressure

6. Capillary action

7. Transpiration

8. Transpirational pull

9. Osmosis

DISCUSSION OF PRECONCEPTIONS

· Will osmosis alone move water molecules upwards? 

· Does  humidity have an effect on water movement?

· Is energy required for water to move upwards in the plant? 

· Do all plants have the same number of stomates in their leaves? 

· Are stomates and guard cells the same structure? 

· Can any leaves be used in studying transpiration? 

· Are stomates only open at night?

· Do plants breathe only at night?  

· Can leaves absorb water like a sponge?

· Does water absorbed by the roots stay there?  

III. EXPLORATION OF SCIENTIFIC PRINCIPLE & INTRODUCTION OF EXPERIMENTAL PROTOCOL

PROBLEM: 

What is the rate of transpiration in a plant? 

EXPERIMENT AND TECHNICAL OPERATION OF EQUIPMENT

OVERVIEW: For this activity, a small plant is connected to a low pressure sensor. The plants leaves experience transpiration-the evaporation of water from their surface.  The low pressure sensor measures the change in pressure at the end of the plant stem as a result of transpiration.

1. Set up the computer and interface.  Open Science Workshop.


2. Connect the low pressure sensor DIN plug into analog Channel A on the interface.  NOTE:  there are several different pressure sensors.  Be sure to choose the low pressure sensor.

3. Highlight File, select open, choose Do Not Save, select the library folder, choose biology and select the B09_TRANS.SWS.  A data table can be added if desired.


4. Choose sampling options and set sampling options to: 

Periodic Sample = Slow at 20 seconds(1 sample each 20 seconds) and the stop time at 600 seconds.  This is a total elapsed time of 10 minutes.

5. See experiment notes for the diagram of the plant/tube/sensor set up.

6. Fill the plastic syringe with approximately 15-20 ml of water.  Connect the plastic syringe to the open end of the tube.  Plunge the water out of the syringe into the tube until the tube is almost completely filled (there should be about 2 cm of tubing filled with air at the quick-release end).  Make sure there are no other air bubbles in the tubing. 

7. As shown in the experiment notes, place the pressure gauge in a clamp.  Connect the quick release end of the tube to the pressure gage.  Clamp the end with the syringe in a thermometer clamp creating a “U” with the tube.  Remove the syringe.  Be sure the water fills this end of the tube completely.  If not, add to the opening using a micro pipette or an eye dropper.  Eliminate any air bubbles with a dissecting needle inserted at the opening.  Another technique that can be used is to tap the tube to dislodge any air bubbles that cling to the inside of the tube.

8. Cut a leaf from the plant provided.  PLACE THE STEM OF THE CUT LEAF INTO WATER IMMEDIATELY, BUT DO NOT IMMERSE THE LEAF ITSELF.  Under water, cut the stem at a 450 angle.  QUICKLY, place the stem end into the open end of the tubing.  Be sure there is no air bubble at the end of the stem. Spread a thick ring of petroleum jelly around the stem where it meets the tubing.  Caution: do not get petroleum jelly on  the cut end of the plant, as it will block the flow of water into the plant.  Make sure that the petroleum jelly creates an air tight seal between the top edge of the plastic tube and the plant stem. 

9. Click the REC button to begin recording data.  The data will be recorded for 600 seconds in 20 second intervals.  Run #1 will appear in the data list in the experiment set up window.

10. Once the graph is plotted using Run #1 data, select “”, click on “No Statistics Selected,” choose curve fit, select linear curve and select best fit.  The numerical value for a2 is the slope of the line.

DATA 

	RUN
	SLOPE (kPa/s)

	Run#1 Leaf under normal room conditions
	


QUESTIONS

1. What is the relationship between the pressure in the tubing and time passing?  

2. What about the slope indicates that this relationship exists?

3. Explain why the drop in pressure in the tubing is a measure of the rate of transpiration in the leaf.

IV. ELABORATION OF SCIENTIFIC PRINCIPLE:

INQUIRY-BASED STUDENT INVESTIGATION

PROBLEM


What factors will change the rate of transpiration?



HYPOTHESIS OR PREDICTION


Guiding questions: 


Transpiration is loss of water from the leaf, what conditions should we change to either                       

decrease or increase this evaporation?

What procedures would you keep the same and what procedures would you change?

Use these questions to form a hypothesis or prediction to base your experiment on.

Be sure your hypothesis is a statement and not a question.

EXPERIMENTAL DESIGN

Guiding questions:

What are you going to measure?

What variables could you change in the pre-lab experiment to investigate your hypothesis

 or prediction?

What would you keep constant and why?

What procedures could you use to test your hypothesis?

What is the new slope of line on your graph and how does it relate to the first

 experiment?

Checkpoint  

Have your experimental design approved by the teacher before proceeding.

Students should have a written lab with specific materials and procedures at this point.  (Teacher checks students’ experimental design for feasibility.)

PLAN FOR DATA COLLECTION & ANALYSIS

Guiding questions:
Will your data be more useful in a graph or table form?

What will be the best form for you to interpret your data?

Checkpoint  (Teacher checks students’ plan for feasibility.)

CONDUCTING THE EXPERIMENT

Teacher will be monitoring students for safety procedures, and keeping students focused

On their hypothesis.

Checkpoint (Teacher monitors students’ investigations in progress.)

ANALYSIS OF DATA
Checkpoint (Teacher checks students’ analysis.)

DISCUSSION OF RESULTS

COMPARE

Was your hypothesis for this experiment confirmed or refuted?

How do your results compare to your preconceptions of what would happen?

What experimental conclusions can you now draw from your data ?

PERSUADE

A five minute oral presentation will be required here to share with the class the results of

your experiment.  Explain your hypothesis and discuss whether your results confirm or 

refute your hypothesis.  (Allow for time to debate and discussion between groups.)



RELATE

 How does the studying of the change of the rate of transpiration relate to real world

 situations?

How does a commercial plant growing facility control transpiration in their plants and

why would they want to?

V.  EVALUATION

POST-LAB SURVEY OF STUDENTS’ CONCEPTIONS


Have students retake the Pre-Lab Exercise.  Compare pre-lab and post-lab responses.

TRADITIONAL

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 decrease in water loss through the plants stomates?  Explain.

2. Did your alternative experiment show a different rate of transpiration?  Explain.

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

` 

ALTERNATIVE

1. Develop data tables and graphs for each experiment carried out.

2. Develop 5 questions pertaining to these experiments.

3. Suggest another experiment that was not done, but could be used for further research on transpiration.

4. Have students research transpiration on the internet.

*This material is based upon work supported by the National Science Foundation under Grant No. ES1 9618936.   Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation.
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