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Photosynthesis and Respiration

Photosynthesis and Respiration

1.
Use Logger Pro 3.8.6.2, or newer, if you are collecting data with a computer. Use LabQuest App 2.2.1, or newer, if using LabQuest 2. LabQuest App 1.7.1, or newer, is necessary if you have an original LabQuest. All updates can be downloaded from the Vernier website.

2.
Plant material used must be fresh, moist, and turgid. Spinach leaves purchased from a grocery store work very well and are readily available any time of the year. 

3.
For best results, the spinach should be rinsed in cold water prior to being placed in a cooler. Leave excess water on the leaves and store them in the cooler with the lid sealed so that the spinach is in the dark. A Styrofoam cooler with a reusable freezer pack works well. If kept cold with fresh freezer packs, the spinach should produce good results for several days. 
4.
Have the students obtain their spinach leaves directly from the cooler so they stay as fresh as possible. 
5.
A 35 W halogen flood beam bulb is recommended for this experiment. Due to the amount of heat this type of bulb can put off, it is necessary to use a heat sink to remove the variable of temperature on the experiment. A tissue culture flask filled with water makes a good heat sink. A beaker or flask of water may also be used. 
6.
When using the PAR Sensor, it is important that the sensor is positioned so that the lens of the sensor is facing the center of the light source. An easy way to do this is to use a test-tube clamp to hold the PAR Sensor. Once the test-tube clamp and PAR Sensor are secured to a ring stand, you can easily position the sensor so that it located in the center of the light path of the light source. 

7.
If you are using an interface that can be powered with an AC Adapter, we recommend using the AC Adapter when working with the CO2 Gas Sensor in order to conserve battery life.
8.
When looking at the effect of distance, the respiration chamber is wrapped with foil between each run. This allows the CO2 within the chamber to rise so that it can be used by the leaves for photosynthesis in the next run. 
SAMPLE Data and Graphs
Part I  Exploring photosynthesis and respiration 
	Table 1

	Leaves
	CO2 rate of production/consumption
(ppm/s)

	In the dark
	0.574

	In the light
	–2.839


Part II  Exploring distance 
	Table 2

	Distance
	CO2 rate of production/consumption
(ppm/s)
	PPFD 
(µmol m-2 s-1)

	15 cm
	–2.298
	317

	20 cm
	–1.942
	176

	30 cm
	–0.801
	93
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Sample graph illustrating CO2 consumption and production rates 
ANSWERS TO QUESTIONS

1.
The CO2 rate for leaves in the dark was a positive number. The biological significance of this is that CO2 is produced during respiration. This causes the concentration of CO2 to increase as sugar is oxidized and broken into CO2, water, and energy.

2.
The rate value for leaves in the light was a negative number. The biological significance of this is that CO2 is consumed during photosynthesis. This causes the concentration of CO2 to decrease, as the CO2 is converted into glucose.

3.
Yes, cellular respiration occurred in leaves. Since CO2 increased when leaves were in the dark and photosynthesis was not possible.

4.
Yes, photosynthesis occurred in leaves. Since CO2 decreased when leaves were exposed to light.
5.
PAR is a measure of the amount of usable wavelengths of light that is available for plants to do photosynthesis. A high PAR value means there is more available wavelengths for plants to use to do photosynthesis.

6.
As the value of PAR increases the rate of photosynthesis also increases.

7.
Answers may vary. They might include
· A greater number of leaves should increase the rate, since there are more chloroplasts to undergo photosynthesis and more cells to require energy through cellular respiration.

· A greater light intensity will increase the rate of photosynthesis. It may not affect the rate of cellular respiration, however.

· A cooler room may decrease both rates, as cellular metabolism decreases in cooler weather.

· Facing the top of the leaves toward the light should increase the rate of photosynthesis, since the chloroplasts are closer to the light source.

· If the plants overheat due to the heat from the lamp, they may wilt and stop functioning. This will decrease all rates.

· If there are too many leaves, diffusion may be restricted and prevent accurate readings. This may apparently decrease both rates.
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Sample data for extensions

Sample data showing the relationship 
between PAR levels and CO2 uptake
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