Designing an experiment to test the rate of photosynthesis

Adapted from:
John S Olson, Dist. 88 Schools, New Ulm, MN 56073 based on "The floating leaf disk assay for Investigating photosynthesis" 

Summary

This activity will allow you to measure the rate at which the photosynthesis process occurs. You will work in small groups of 3-4 to design an experiment with one independent variable and test this variable on spinach leaf disks. The punched out leaf disks will initially sink in a test tube of water but will float as photosynthesis occurs. The final assessment for this lab will be a formal lab report recorded in your notebooks to include: hypothesis, experimental design, data collection / analysis, and conclusion (findings). 

Description and Materials

Introduction:
Before you begin your lab report, record a descriptive title and purpose in your notebook as your introduction to this lab.  Then, record the following pre-assessment questions.  Make sure you ask questions at this stage so that your experimental design is sound!

Rate of Photosynthesis Research
Background: Where in a leaf does photosynthesis mainly occur? How does carbon dioxide get into a leaf? Where / how does oxygen leave a leaf? How does water get into a leaf from the roots?

1) In which of the labeled structures, does most of the photosynthesis occur? 
2) Through what structure does carbon dioxide get into the leaves so photosynthesis can occur?
3) What is the function of the guard cells?
4) Of what purpose does the spongy mesophyll serve to the leaf and the process of photosynthesis?
5) Through which of the labeled structures does water get to the leaves from the roots?
6) Through which of the labeled structures are sugars, that are made during photosynthesis, transported to other parts of the plant where they can be used for energy or stored?
7) Discuss the variations / adaptations that desert plants, water plants, and plants that grow well in shade have in their leaves that allow them to survive in their particular environments.
8) Write out a balanced equation for photosynthesis.


You are now prepared to begin your lab report and experimental design. Your experiment and report MUST contain the following components for full credit!

Experimental Design
Your table will design an experiment to test how a selected variable affects the rate of photosynthesis. Follow the information below to make "sinking plant disks". You will measure how long it takes (in seconds) for the disks to float as a way to measure the rate of photosynthesis.

Preparation of the leaf disks:
1) Use the hole punch (to cut out the number of disks needed for your experiment).
2) Put disks in a syringe and suck up 5 cc (5 ml) of .2% sodium bicarbonate (baking 
    soda)
3) Put finger over end of syringe, pull back on plunger to about the 35 cc mark (on a 
    60 cc syringe) and hold this position for 30 seconds. You should see air coming out 
    the sides of the disks. As this is done, the oxygen is being removed from the spongy 
    layer of the leaf and the .2% sodium bicarbonate is entering the spongy layer. This 
    is the source of carbon dioxide needed for the plant to carry out photosynthesis
4) Carefully squirt out the .2% sodium bicarbonate. Suck up about 10 cc's of water. 
    Check to see if the plant disks sink in the water. If they don't, remove the water and 
    try steps 2 and 3 again.
5) Choose the disks that sink. Make sure enough disks are available to properly 
    complete a controlled experiment. They are now ready to be used in your 
    experimental set up. The disks will float when they have produced a measured 
    amount of oxygen through photosynthesis. The time needed for the disks to float is 
    an indirect measure of the rate of photosynthesis occurring in the leaf disks.

FOR FULL CREDIT, YOUR LAB REPORT MUST INCLUDE ALL OF THE FOLLOWING:

--Descriptive title of experiment: The effect of __________________________ on the rate of photosynthesis.


--Purpose / Introduction: write out your own descriptive purpose.  What will this lab teach you? Why do we care about this?  Include your answers to the introduction questions here under the “Introduction” heading.


--Research question answers

--Hypothesis: what you think will happen AND WHY—be sure to link your hypothesis to scientific principles we have discussed in class.
--Materials: list ALL materials used

--Sketch of the experimental design used. (The sketch should be specific enough so that the experiment could be reproduced exactly as it was set up; include all measurements, angles, label materials / solutions used, wattage and type of light bulbs, etc.).  This sketch should include most of your procedure, but you will need to write up a brief procedure to describe exactly what you are doing as well.

--Controls: How was the experiment controlled? How are you sure your results reflect what you are seeking to test?

--Data chart: (you design, label and fill in with data)(you must have enough data to make a graph!)

--Graph of data (obtain a piece of graph paper, make appropriate graph that has a title and is properly labeled, and GLUE STICK, NOT STAPLE this paper into your lab notebook.  I recommend making your graph before gluing it in, just in case something goes tragically wrong)

--Results / discussion / analysis of data: this should be detailed.  Include a detailed discussion of what your results were and how they relate to your independent variable.

Answer the results questions here—see last page for questions.  You are going to 

need to discuss with another group!

--Findings/Conclusion/ list possible sources of error: this is the most detailed section of your report.  Describe in detail all that could have led to your results, what may have gone wrong, and what your results indicate about photosynthetic limiting factors. Include the answers to the three conclusions questions after this section.

--Applications: link your experiment to World environmental issues. Why is what you found important?  How might a changing world influence photosynthesis as described by your project?

--Extensions: List new questions that could be researched
Materials 
-Spinach leaves 
- Paper punch for making leaf disks
-Syringe (plastic 10+ cc)
-.2 % sodium bicarbonate (baking soda) solution
-Test tube or plastic cup
-Light source
-Thermometer

Possible extra materials needed depending on variable chosen to test:
-Colored cellophane (yellow, green, red, blue)(to change wavelength's of light the plants receive)
-Meter stick
-Baking soda (extra for more concentrated solutions)
-Different species of plant (other than spinach—ask to go outside to retrieve these!)
-Weak acid (vinegar) to change the pH of the solution
-Other materials that might inhibit photosynthesis? 

Tips

1) Use fresh spinach leaves, soak them in water overnight at about 4 degrees C. This
increases turgor pressure and minimizes "limp" leaves. Use only the firm, dark green areas of the leaf. Avoid major veins or damaged areas.

2) Do not over vacuum the leaf disks. Too little vacuum treatment causes the disks not to sink, too much vacuum treatment may kill the cells.

Conclusion questions (after results/analysis—part of your conclusion section!)

1. What factors affect the rate of photosynthesis?

2. Why do these factors only increase the rate of photosynthesis up until a certain point?

3. Compare your results with one person who investigated a different photosynthetic limiting factor.  What were their findings?

