AP Biology Photosynthesis Lab

The Floating Leaf Disk Assay for Investigating Photosynthesis 
 Introduction Light is a part of a continuum of radiation, or energy waves. Shorter wavelengths of energy have greater amounts of energy. For example, high-energy ultraviolet rays, with wavelengths of approximately 1 nanometer (nm) to 380 nm, can harm living tissues due to the large amount of energy they carry. Wavelengths of light within the visible part of the light spectrum power photosynthesis. The visible light spectrum is from about 400 to 750 nm (1 billionth of a meter). Only visible light, with its intermediate wavelengths, has enough energy to cause chemical change without destroying biological molecules. The short, high frequency waves of gamma rays (10-5 nm) have too much energy and break the hydrogen bonds found within biological molecules such as proteins and nucleic acids like DNA. The longer waves of heat, microwaves and radio waves (103 nm to 103 meters) do not possess enough energy and are absorbed by the water molecules in a plant. 

When light is absorbed by leaf pigments such as chlorophyll a or b, electrons within each Photosystem are boosted to a higher energy level. This energy is used to produce ATP, to reduce NADP to NADPH and then used to incorporate carbon dioxide (CO2) into organic molecules in a process called carbon fixation. Leaf disks float, normally. When the air spaces are infiltrated with a solution the overall density of the leaf disk increases and the disk sinks. The infiltration solution includes a small amount of sodium bicarbonate (NaHCO3) thus enabling the bicarbonate ion to serve as the carbon source for photosynthesis. As photosynthesis proceeds, oxygen is released into the interior of the leaf which changes its buoyancy causing the disks to rise. Since cellular respiration is taking place at the same time within the leaf, consuming the oxygen generated by photosynthesis, the rate that the disks rise is an indirect measurement of the net rate of photosynthesis. In this lab, you will measure the net rate of photosynthesis for several plants under various lighting conditions.
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Materials:
	1.               Sodium bicarbonate (Baking soda)

2.               Liquid Soap

3.               Plastic syringe (10 cc or larger)

4.               Leaf material

5.               Hole punch

6.               Plastic cups

7.               Timer

8.               Light source
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Part A Procedure:

1. Prepare 300 ml of bicarbonate solution for each trial. 

a. The bicarbonate serves as an alternate dissolved source of carbon dioxide for photosynthesis. Prepare a 0.2% solution. (This is not very much—it’s about 1/8 of a teaspoon of baking soda in 300 ml of water.) Too much bicarbonate will cause small bubbles (CO2) to form on the surface of the leaf which will make it difficult to sink the leaf disk. 

b. Add 1 drop of dilute liquid soap to this solution. The soap wets the hydrophobic surface of the leaf allowing the solution to be drawn into the leaf. It’s difficult to quantify this since liquid soaps vary in concentration. Avoid suds. If your solution generates suds then dilute it with more bicarbonate solution. 

 

2. Cut 10 or more uniform leaf disks for each trial 
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a. Single hole punches work well for this but stout plastic straws will work as well 

b. Choice of the leaf material is perhaps the most critical aspect of this procedure. The leaf surface should be smooth and not too thick. Avoid plants with hairy leaves. Ivy, fresh spinach, —all work well. Ivy seems to provide very consistent results. Any number of plants work. 

c. Avoid major veins. 

 

3. Infiltrate the leaf disks with sodium bicarbonate solution. 

a. Remove the piston or plunger and place the leaf disks into the syringe barrel. Replace the plunger being careful not to crush the leaf disks. Push on the plunger until only a small volume of air and leaf disk remain in the barrel (< 10%). 
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b. Pull a small volume of sodium bicarbonate solution into the syringe. Tap the syringe to suspend the leaf disks in the solution. 
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c. Holding a finger over the syringe-opening, draw back on the plunger to create a vacuum. Hold this vacuum for about 10 seconds. While holding the vacuum, swirl the leaf disks to suspend them in the solution. Let off the vacuum. The bicarbonate solution will infiltrate the air spaces in the leaf causing the disks to sink. You will probably have to repeat this procedure several times in order to get the disks to sink. You may have difficulty getting the disks to sink even after applying a vacuum three or four times. Generally, this is usually an indication that you need more soap in the bicarbonate solution. Some leaf surfaces are more water repellent than others are. Adding a bit more soap usually solves the problem. 
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4. Pour the disks and solution into a clear plastic cup. Add bicarbonate solution to a depth of about 3 centimeters. Use the same depth for each trial. Shallower depths work just as well. Label the cup with CO2.
5. Set up a control. Infiltrate leaves with just water solution with a drop of soap---no bicarbonate. Pour the disks and solution into a clear plastic cup. Add just water solution to a depth of about 3 centimeters. Label the cup without CO2.

6. Develop a hypothesis before you begin testing.
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7. Place under the light source and start the timer. At the end of each minute, record the number of floating disks. Then swirl the disks to dislodge any that are stuck against the sides of the cups. Continue until all of the disks are floating. 
	Time (minutes)
	# of disks floating

With CO2
	# of disks floating 

Without CO2

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


 

Make a graph to analyze the data. To make comparisons between experiments, a standard point of reference is needed. Repeated testing of this procedure has shown that the point at which 50% of the 

leaf disks are floating (the median or ET 50, the Estimated Time it takes 50% of the disks 

to float) is a reliable and repeatable point of reference for this procedure. Make sure to find the ET 50 of your data.
*Sample graph to find ET 50.
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Part B: Design your own experiment to test what factors affect the rate of photosynthesis

 Once you have mastered the floating disk technique, you will design an experiment 

to test another variable that might affect the rate of photosynthesis. Some ideas 

include the following:

· Distance of light source

· Color of light source

· Type of leaf 

· Turning light off after 15 minutes

· % of bicarbonate solution

Summary Questions:

1)  What was the function of the sodium bicarbonate in this experiment?

2)  Explain the process of carbon fixation.

3) Explain the process that causes the leaf disks to rise.

4) Which trial worked the best? Explain.

5) What was the purpose of using water/soap solution for one of the trials?
6) What factors may affect photosynthesis?

Lab Report Guidelines:

· Title

· Objective

· Background Information

· Materials

· Part A:

· Hypothesis

· Procedure

· Data table

· Graph with ET 50 value

· Conclusion

· Part B:

· Hypothesis

· Procedure/experimental design

· Data table

· Graph with ET value

· Conclusion

· Answers to summary questions
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