
Photosynthesis and Respiration


Preliminary activity for

Photosynthesis and Respiration
Plants make sugar, storing the energy of the sun into chemical energy, by the process of photosynthesis. When they require energy, they can tap the stored energy in sugar by a process called cellular respiration.

Cellular respiration refers to the process of converting the chemical energy of organic molecules into a form immediately usable by organisms. Glucose may be oxidized completely if sufficient oxygen is available in the following reaction:

C6H12O6 + 6 O2  6 H2O + 6 CO2 + energy

All organisms, including plants and animals, oxidize glucose for energy. Often, this energy is used to convert ADP and phosphate into ATP. 

The process of photosynthesis involves the use of light energy to convert carbon dioxide and water into sugar, oxygen, and other organic compounds. This process can be summarized by the following reaction:

6 H2O + 6 CO2 + light energy  C6H12O6 + 6 O2
During photosynthesis not all wavelengths of visible light are used by plants to perform photosynthesis. A PAR (Photosynthetically Active Radiation) Sensor can be used to measure the amount of light that is available for photosynthesis that is emitted by a natural or electric light source. 

In this Preliminary Activity, you will use a CO2 Gas Sensor to determine the rate at which carbon dioxide is being produced during cellular respiration. This experiment will be conducted with plant leaves in the dark. You will then determine the rate at which carbon dioxide is being consumed during photosynthesis. This experiment will be conducted with the leaves in the presence of light. Finally, if a PAR Sensor is available, you will use it to measure the amount of light that is available for photosynthesis. After completing the Preliminary Activity, you will use reference sources to find out more about cellular respiration and photosynthesis in plants. You will then choose to investigate a researchable question dealing with plants and photosynthesis. Some topics to consider in your reference search are:
 photosynthesis
 cell respiration

 plant pigments
 visible light
 chlorophyll
 light sources
PROCEDURE

1.
Turn the lamp on, facing away from the respiration chamber. Let it warm up for the duration of the cellular respiration data collection.

2. 
Obtain several leaves from the resource table. If they are damp, blot them dry between two pieces of paper towel. 
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3.
Place the leaves into the chamber, using forceps if necessary. Wrap the chamber in aluminum foil so that no light reaches the leaves.
4.
If your CO2 Gas Sensor has a switch, set it to the Low 
(0–10,000 ppm) setting. Connect the CO2 Gas Sensor to the data-collection interface and choose New from the File menu. Allow 90 seconds for the sensor to warm up.
5. 
Insert the CO2 Gas Sensor into the chamber (see Figure 1). Wait 3 minutes for the sensor to equilibrate.

6.
Start data collection.
7.
When data collection is complete, perform a linear fit on the linear portion of the graph. Record the slope of the line, m, as the respiration rate in CO2 ppm/s in your data table.
8.
Store the data from the first run by tapping the File Cabinet icon.
9.
Fill the tissue culture flask with water and place it between the lamp and the chamber. The flask will act as a heat shield to protect the plant leaves.


10.
Place the lamp 10 cm from the chamber. Do not let the lamp touch the tissue culture flask. 


11.
Remove the aluminum foil from around the chamber and start data collection.

12.
When data collection is complete, perform a linear fit on the linear portion of the graph. Record the slope of the line, m, as the rate of photosynthesis in CO2 ppm/s in your data table.

13.
Save the experiment file as instructed by your teacher. 

Determine PAR Level (Optional)


14.
Disconnect the CO2 Gas Sensor from the interface. Connect the PAR Sensor and select New from the File menu.


15. 
Using a clamp and ring stand, position the PAR Sensor so that it is located in the same position as the chamber during your experiment. The lens of the PAR Sensor should be centered in the light path of the lamp and the heat shield in the same location as before.


16.
When the PAR Sensor reading is stable, record the value in your data table.


17.
Remove the plant leaves from the respiration chamber, using forceps if necessary. Clean and dry the respiration chamber.
DATA

	Table 1

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

	Dark
	
	0

	Light
	
	


Questions

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

2.
Were any of the rates observed negative? If so, what is the biological significance of this?

3.
Do you have evidence that cellular respiration occurred in leaves? Explain your answer.

4.
Do you have evidence that photosynthesis occurred in leaves? Explain your answer.

5.
Why would measuring PAR be important for this experiment?

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?

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.
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