Name: ____________________________________________ Date: _____________________________ Period: ______

Photosynthesis “Floating Leaf Disk” Lab

Background Information: 
Photosynthesis fuels ecosystems and replenishes the Earth’s atmosphere with oxygen.

Like all enzyme-driven reactions, the rate of photosynthesis can be measured by either

the disappearance of substrate or the accumulation of product (or by-products).

The general summary equation for photosynthesis is:  H2O + CO2 + light → carbohydrate (CH2O) + O2 + H2O

What could you measure to determine the rate of photosynthesis?

• Production of O2 (How many moles of O2 are produced for one mole of sugar

synthesized?)… OR…
• Consumption of CO2 (How many moles of CO2 are consumed for every mole of

sugar synthesized?)

In this investigation, you will use a system that measures the accumulation of oxygen.
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Figure 3. Photosynthesis at Work



Because the spongy mesophyll layer of leaves (shown in Figure 1) is normally infused with gases (O2 and CO2), leaves — or disks cut from leaves — normally float in water. What would you predict about the density of the leaf disk if the gases are drawn from the spongy mesophyll layer by using a vacuum and replaced with water? How will that affect whether or not the leaf floats? If the leaf disk is placed in a solution with an alternate source of carbon dioxide in the form of bicarbonate ions, then photosynthesis can occur in a sunken leaf disk. As photosynthesis proceeds, oxygen accumulates in the air spaces of the spongy mesophyll, and the leaf disk will once again become buoyant and rise in a column of water. Therefore, the rate of photosynthesis can be indirectly measured by the rate of rise of the leaf disks. However, there’s more going on in the leaf than that! You must also remember that cellular respiration is taking place at the same time as photosynthesis in plant leaves. (Remember that plant cells have mitochondria,

too!) What else could be going on that might affect this process? Aerobic respiration will consume oxygen that has accumulated in spongy mesophyll. Consequently, the

two processes counter each other with respect to the accumulation of oxygen in the

air spaces of the spongy mesophyll. So now you have a more robust measurement tool

— the buoyancy of the leaf disks is actually an indirect measurement of the net rate of

photosynthesis occurring in the leaf tissue.
[image: image2.png]Figure 1. Leaf Anatomy



Your Hypothesis:

Materials:

· Sodium bicarbonate (Baking soda) 

· Liquid Soap

· Plastic syringe (10 cc or larger)
· Leaf material 

· Hole punch 

· Plastic cups 

· Timer 

· Light source 

Procedure:

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

· The bicarbonate serves as an alternate dissolved source of carbon dioxide for photosynthesis. Prepare a 0.5% solution. (1.5 grams of baking soda per 300 mL of water) 

· Add 1 drop of dilute liquid soap to the tip of a stirring rod and stir into the 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 uniform leaf disks for each trial using a sturdy plastic straw.  Try to avoid the veins of the leaf.  
3)  Infiltrate the leaf disks with sodium bicarbonate solution. 

· [image: image3.emf]Remove the piston or plunger and place the leaf disks into the syringe barrel.  You may need to use a stirring rod to push them down near the tip of the 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%). 

· Pull a small volume of sodium bicarbonate solution into the syringe.  Tap the syringe to suspend the leaf disks in the solution. 

· [image: image4.emf]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 many times in order to get the disks to sink. 
If you have difficulty getting your disks to sink after about 3 evacuations, it is usually because there is not enough soap in the solution.  Add a few more drops of soap. 
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· 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. 

· For a control infiltrate leaf disks with a solution of only water with a drop of soap--no bicarbonate. 
· 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. 

Methods Summary Chart: 
	Independent Variable
	

	Levels of the Independent Variable (if applicable)
	

	Dependent Variable
	

	Method for Measuring Changes in the Dependent Variable
	

	Control Group (if applicable)
	

	Constants (factors that stay the same between your control group and your experimental groups)
	

	Number of Trials
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Data Tables (Individual Lab Group) 
Graph
Using graph paper provided below, plot your data on a graph similar to the one given to the right.  (You should have two graphs, one for the bicarbonate solution, and one for the water).  Time (in minutes) should go on the X-axis and the number of disks should go on the Y-axis.  Next, draw a best-fit line through your points, and then determine your 50% point (ET50).  This is the point at which 50% of the leaf disks are floating (median).  For the graph to the right, ET50 = 11.5 minutes.  
When you compare the ET50 across treatments, you will discover that there is an inverse relationship between ET50 and the rate of photosynthesis — ET50 goes down as rate of photosynthesis goes up. 

Discussion / Conclusion Questions:

1) Compare the results of the water and bicarbonate trials.  (Discuss actual numerical data.) Why are these results different?
2) Why does a low ET50 correspond to a high rate of photosynthesis?

3) Why do the leaf disks float when photosynthesis is occurring?

4) Why did we need to use the syringe to “infiltrate” the leaf disks with solution before starting the trial?

5) If the bicarbonate trial was conducted in the dark, would the leaf disks float?  Why or why not?
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