TEACHER INFORMATION



Photosynthesis and Respiration

Photosynthesis and Respiration
Overview

In the Preliminary Activity, your students will use a CO2 Gas Sensor to measure the amount of carbon dioxide consumed or produced by plants during photosynthesis and respiration. They will then determine the rate of respiration and the rate of photosynthesis of the leaves. If available, they will use a PAR (Photosynthetically Active Radiation) Sensor to measure the amount of PAR that reaches the leaves from the light source.
During the subsequent Inquiry Process, your students will first find out more about photosynthesis using the course textbook, other available books, and the Internet. They will then generate and investigate researchable questions dealing with photosynthesis. (In the Guided Inquiry approach, students will plan and conduct investigations of the researchable question(s) assigned by you.) 
Learning Outcomes

· Identify variables, design and perform the investigation, collect data, analyze data, draw a conclusion, and formulate a knowledge claim based on evidence from the investigation.

· Study the effect of light on photosynthesis.
The Inquiry process

Suggested Time to Complete the Investigation
	
	Inquiry Phase
	Open Inquiry
	Guided Inquiry

	I
	Preliminary Activity
	40 minutes
	40 minutes

	II
	Generating Researchable Questions 
(Omitted in Guided Inquiry Approach)
	10 minutes
	0 minutes

	III
	Planning
	10 minutes
	10 minutes

	IV
	Carrying Out the Plan
	50 minutes
	50 minutes

	V
	Organizing the Data
	15 minutes
	15 minutes

	VI
	Communicating the Results
	10 minutes
	10 minutes

	VII
	Conclusion
	5 minutes
	5 minutes


Materials

Make the following materials available for student use. Items in bold are needed for the preliminary activity.

	Data-collection interface
	fresh spinach

	Data-collection program
	light source

	Vernier CO2 Gas Sensor
	aluminum foil

	Vernier PAR Sensor
	500 mL tissue culture flask

	respiration chamber
	others as requested by students


I  Preliminary Activity 

This inquiry begins with an activity to reinforce prior knowledge of the use of Vernier data-collection technology and to introduce a method for collecting photosynthesis data.
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Sample Results

Figure 1  Photosynthesis and respiration rate by spinach leaves
	Table 1

	Leaves
	CO2 rate of production/consumption
(ppm/s)
	PPFD 
(µmol m-2 s-1)

	In the dark
	0.574
	0

	In the light
	–2.839
	470


Answers to Questions

1.
Were any of the rates observed a positive number? If so, what is the biological significance of this?


CO2 should be produced when the leaves are in the dark, thus the rate observed for this condition should be positive. The biological significance of this is that CO2 is produced during respiration. This 

causes the concentration of CO2 to increase, as sugar is oxidized and broken into CO2, water, and energy. A positive rate for CO2 indicates that the leaves were performing respiration.
2.
Were any of the rates a negative number? If so, what is the biological significance of this?


CO2 should be consumed when the leaves are exposed to light, thus the rate observed for this condition should be negative. The biological significance of this is that CO2 is consumed during photosynthesis. This causes the concentration of CO2 to decrease, as the CO2 is converted into glucose. A negative rate for CO2 indicates that the leaves were performing photosynthesis.
3.
Do you have evidence that cellular respiration occurred in leaves? Explain your answer.


Yes, the level of CO2 gas increased when the leaves were in the dark. 
4.
Do you have evidence that photosynthesis occurred in leaves? Explain your answer.


Yes, the level of CO2 gas decreased when leaves were exposed to light.

5.
Why would measuring PAR be important for photosynthesis?


PAR is a measure of the amount of light that is available for plants to perform photosynthesis. 


6.
List five factors that might influence the rate of carbon dioxide production or consumption in leaves. Explain how you think each will affect the rate?



Answers may vary. They might include:

· A greater number of leaves should increase the rate of both respiration and photosynthesis. If you have more leaves you will have more plant cells. If you have more plant cells you will have more chloroplasts to undergo photosynthesis and more mitochondria to produce cellular respiration.

· A greater PAR value will increase the rate of photosynthesis. It should not affect the rate of cellular respiration, however.

· A cooler room may decrease both rates, as cellular metabolism is influenced by temperature.

· If the top of the leaves are placed so that they are facing toward the light, the rate of photosynthesis should increase. This is because the top of most leaves has a larger amount of chloroplasts than the bottom of the leaf.
· If the plants overheat due to the heat from the lamp, they may lose an excess amount of water and will wilt. This will decrease the rate of photosynthesis observed and will also decrease the rate of respiration that could be observed.

· If there are too many leaves in the bottle, this may restrict diffusion of the gases in the chamber, thus preventing accurate readings.
7. 
Design and perform an experiment to test one of the factors that might influence the rate of carbon dioxide production or consumption in Question 6.


Answers will vary. See the Researchable Questions list below for some possible answers.
II  Generating Researchable Questions
Note: Researchable questions are assigned by the instructor in the Guided Inquiry approach.
Some possible researchable questions for this investigation are listed below:
Recommended for Open Inquiry or Guided Inquiry (sample results provided)

· How does distance from the light source affect photosynthetic activity?

· What effect does the use of different colored light have on the photosynthetic activity?

Recommended for Open Inquiry or Guided Inquiry (no sample results provided)

· How does photosynthetic activity vary using different lighting sources?
· How does the age of the leaves affect photosynthetic activity?

· How does PAR level affect photosynthetic activity?
· How does temperature affect photosynthetic activity?
Recommended for Advanced Students (no sample results provided)

· How do different plant types affect photosynthesis? (i.e., C3, C4, CAM plants)
There are many more possible researchable questions. Students should choose a researchable question that addresses the learning outcomes of your specific standards. Be sure to emphasize experimental control and variables. (Instructors using the Guided Inquiry approach select the researchable questions to be investigated by their students. We encourage you to assign multiple researchable questions because this strategy enhances student interaction and learning during phases IV–VII.)

III  Planning

During this phase students should formulate a hypothesis, determine the experimental design and setup, and write a method they will use to collect data. The plan should list laboratory safety concerns and specify how they will be addressed during the investigation. Circulate among the student groups asking questions and making helpful suggestions.

IV  Carrying Out the Plan

During this phase, students use their plan to carry out the investigation and collect data. Circulate among the student groups asking questions and making helpful suggestions.
Student experiments will not always work out as hypothesized. Be ready to help when things “don’t work.” Unexpected results present learning opportunities and often lead to new researchable questions.
V  Organizing the Data

Groups should prepare to communicate their results with presentations and reports using graphs, tables, and/or charts. They can prepare to communicate their results to the class using Logger Pro, LabQuest, PowerPoint, poster board, or a combination of these. 

The student groups should also work on reports to be submitted to you and fitting your guidelines. Consider using Logger Pro and the Page feature as a tool for producing such hardcopy or electronic reports.

Circulate among the student groups asking questions and offering assistance as they organize their data.
VI  Communicating the Results

During this important and exciting phase of the inquiry process, student groups present their research results using tools such as those listed above. Interaction among groups is important during this phase and leads to better understanding by all involved.

You may find it desirable to have a student recorder to record a list of new researchable questions that are generated during the session. Make opportunities available for the investigation of such questions.

Record information that you will be able to utilize during the Conclusion phase.

VII  Conclusion

Using your notes recorded during the Communicating the Results phase, summarize the group results for the experiment and tell how they will fit into the upcoming instruction.

VIII  Assessment
Scientific inquiry assessment may take on many forms. It determines students’ abilities to form a question or hypothesis, design an investigation, collect and present data, and analyze and interpret results.

These guidelines are extensively based on the content of the books available from NSTA (the National Science Teachers Association) and other sources: 

Inquire Within: Implementing Inquiry-Based Science Standards, 2nd Edition (2007)

Douglas Llewellyn

Corwin Press

ISBN# 978- 1412937566
Teaching High School Science Through Inquiry (2005)

Douglas Llewellyn

Corwin Press and NSTA Press

ISBN# 978-0761939382
SAMPLE RESULTS

Student results will vary depending on experimental design.
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The Effect of Distance on Photosynthetic Activity
Figure 2  Photosynthetic activity and PAR different distances from a lamp
	Table 2

	Distance
	CO2 rate of consumption
(ppm/s)
	PPFD 
(µmol m-2 s-1)

	13 cm
	–2.927
	550

	15 cm
	–2.298
	317

	18 cm
	–2.298
	233

	21 cm
	–1.942
	176

	24 cm
	–1.979
	145

	27 cm
	–1.234
	117

	30 cm
	–0.801
	93


This investigation addresses the question, “How does distance from the light source affect photosynthetic activity?” Data were collected in front of a 35W halogen floodlight, with a 5 min recovery time between each reading. During this recovery time, the respiration chamber was wrapped in foil for 15 minutes to prevent photosynthesis from occurring. This allowed the CO2 concentration to increase in order for there to be a measurable amount of CO2 to be used by the spinach leaves for photosynthesis. 
As the distance increases, the rate of photosynthesis decreases due to a decrease in CO2 consumption rate. Also the PAR decreases as distance increases further showing a decrease in available light for the leaves to perform photosynthesis.
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The Effect of Colored Filters on Photosynthesis
Figure 3 Comparing the effect of light filters on PAR and PSN
	Table 3

	Color of light
	CO2 rate of consumption
(ppm/s)
	PPFD 
(µmol m-2 s-1)

	White
	–2.8392
	470

	Red
	–2.3269
	273

	Yellow
	–2.6543
	383

	Green
	–0.9449
	110

	Blue
	–1.7737
	165


This investigation addresses the question, “What effect does the use of different colored light have on the photosynthetic activity” In each set up the color of the water in the heat sink was changed using food color to make the appropriate color filter. White light was a heat sink with no color change to the water. Data was collected in front of a 35 W halogen floodlight, with a 5 minute recovery time between each reading. During this recovery time the respiration chamber was wrapped in foil to prevent photosynthesis from occurring allowing the CO2 concentration to increase in order for there to be a measurable amount of CO2 to be used by the spinach leaves for photosynthesis.
Tips

1.
Use Logger Pro 3.8.6.2, or newer, if you are collecting data with a computer. Use LabQuest App 2.2.1, or newer, if using LabQuest 2. LabQuest App 1.7.1, or newer, is necessary if you have an original LabQuest. All updates can be downloaded from the Vernier website.

2.
Plant material used must be fresh, moist, and turgid. Spinach leaves purchased from a grocery store work very well and are readily available any time of the year. 

3.
For best results, the spinach should be rinsed in cold water prior to being placed in a cooler. Leave excess water on the leaves and store them in the cooler with the lid sealed so that the spinach is in the dark. A Styrofoam cooler with a reusable freezer pack works well. If kept cold with fresh freezer packs, the spinach should produce good results for several days. 
4.
Have the students obtain their spinach leaves directly from the cooler so they stay as fresh as possible. 

5.
Wrap the respiration chamber with foil between each run so that the leaves only go through respiration allowing a replenishment of CO2 within the chamber for the leaves to use for photosynthesis in the next run.

6.
A 35 W halogen flood beam bulb is recommended for this experiment. Due to the amount of heat this type of blub can put off it is necessary to use a heat sink to remove the variable of temperature on the experiment. A tissue culture flask filled with water makes a good heat sink. A beaker or flask of water may be used, but the tissue culture flask is thinner, and will allow the leaves to receive much more light from the same lamp.

7.
When using the PAR Sensor, make sure the sensor is positioned so that the lens is facing the light source and is level. A clamp on a ring stand is an easy way to do this. 


8.
Cell culture flasks serve as effective heat shields for this investigation. Drum bowls and other containers with two flat sides work well. If necessary, 1000 mL beakers can be used.

9.
More information about the sensors used in this Investigation, as well as tips for optimal performance, can be found in the sensor's user manual available for download from the Vernier website, www.vernier.com/sensors

10.
The plans that your students submit for approval should list laboratory safety concerns, including chemical safety concerns, and specify how they will address these safety concerns during their investigations. 
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