
Photosynthesis

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

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 is often summarized by the following reaction:

H2O + CO2 + light energy CH2O + O2

Respiration refers to the process of converting the chemical energy of organic molecules into water, carbon dioxide and energy in a chemical form (phosphate bond in ATP). This process is often summarized by the following reaction:

CH2O + O2(g) (H2O + CO2(g) + energy

Using an infrared CO2 gas sensor, you will monitor the carbon dioxide consumed or produced by plants.
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Figure 1

MATERIALS

	Power Macintosh computer
	2 L photosynthesis chamber

	Vernier LabPro interface
	plant shoots in beaker of water

	Logger Pro Software 
	#6 rubber stopper

	Vernier infrared CO2 Gas Sensor
	Halogen lamp

	Large cardboard box
	1 gallon aquarium

	LiCor Quantum Radiometer
	Paper, scissors, centigram balance


PROCEDURE

1.
Connect the CO2 Gas Sensor to Channel 1 of the Vernier Lab Pro interface. Connect the power supply to the interface. Connect the interface to the USB port on the computer. Turn all of the equipment on.

2.
Prepare the computer for data collection by double-clicking on the Logger Pro icon on the desktop of the computer. The resulting window will show a graph with carbon dioxide on the vertical axis which can be scaled to values around what is ambient. The horizontal axis has time scaled from 0 to 10 minutes. The data rate is set to 12 samples/minute. In the upper right panel is the current reading from the CO2 sensor; lab air should be around 500 ppm unless lots of people have been around in the lab.

3.
Obtain a small potted plant OR place cuttings from a plant into a 200 mL beaker half-filled with water. Place the beaker into the photosynthesis chamber. Plug one port with the rubber stopper and place the sensor firmly into the other port. Twist only by the rubber stopper on the sensor…do NOT twist the square box or the shaft of the sensor! Be sure the screw cap of the chamber is secured.

4.
Measure and record in Table 1 the room light (photon flux density) with the quantum radiometer between the photosynthesis chamber and the aquarium filled with tap water, making sure the sensor faces the heat filter (aquarium).

5.
Start the data collection for room light with the Collect button ([image: image2.wmf]) at the top (center) of the screen. After about 5 minutes or so, you can stop the data collection.

6.
Now you can determine the rate of CO2 production in ppm/min.

a. Click the mouse pointer on the graph and drag the pointer to select the range of points that form the trend of the line. 

b. Click on the Regression button, [image: image3.wmf],to perform a linear regression. A small floating box will appear with the y = mx + b formula for a best fit line.

c. Record the slope of the line, m, in Table 1 in the units of ppm/min


7.
Turn on and place the halogen lamp right behind the heat filter with the cage touching its glass. Repeat steps 4-6 above. Be sure to take two minutes on step 4 to let the plant respond to the greatly increased light! Yes, it is OK to erase the old data from the screen in Step 5.


8.
Repeat steps 4-6 after moving the lamp away from the heat filter and the plant tissue until the quantum radiometer indicates you have reduced the photon flux density by half.


9.
You will repeat step 8 until you reach an initial PFD that is 2x the PFD of room light.


10.
Place a corrugated paper box over the photosynthesis chamber and repeat steps 5 and 6 with no light.


11.
Remove the plant leaves from the photosynthesis chamber. Cut off each leaf blade and place them on a sheet of copier paper. Trace around each leaf and cut out the shape with fine scissors. Weigh all of the leaf shapes together and then also weigh a 15 x 15 cm piece of the same paper to allow you to convert the weight of the leaf shapes to a measure of area (cm2). Record the room temperature and convert if needed to °C.
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Table 1. The rate of photosynthesis in various photon flux densities at ____°C by leaves of

 ______________________ _________________ having an area of ___________ cm2
	PFD (µmol photons/m2/sec)
	CO2 (ppm/min)
	PSN rate (nmol CO2/min/cm2)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


The third column in this table is calculated from data collected on the rest of this page. In doing these calculations, be careful to make proper units conversions and use the correct multipliers! The ppm value can be converted to a volume figure knowing that the volume of the chamber is 2 L. At STP 1 mole of a gas occupies 22.413 L. To express this on a leaf-area basis, you need to divide by the area of the leaves in the container, which is calculated from the facts below:

Weight of leaf cutouts _______g      Weight of 15x15 cm paper______g/225 cm2

REPORTING

Plot the photosynthetic rate calculated above as a function of the photon flux density. Be careful to use a scatter (xy) plot rather than Excel’s line graph type.  Format your graph to be professional, including a proper legend with figure number, title, and clarifications needed to make the figure free-standing. Write an abstract summarizing your project. Staple the abstract on top of the figure and this sheet filled out above. Hand in your submission before the deadline.

Questions

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

2.
Were any of the rate values a negative number? If so, what is the biological significance of this?

3.
At some PFD the smooth-fit curve among these points gives a rate of 0. What would that PFD value be called and what is the biological significance of this value?


