
   LABORATORY
INVESTIGATION    

Seed Respiration
Pea seeds, each,  contain an embryo plant, a supply of nutrients and a protective covering called 

the seed coat.  Assuming the temperature is high enough, germination of the pea seed begins when 
water and air diffuse into the seed through the coat.  These two substances contribute to vital cellular 
processes that further the growth of the embryo.  In time the embryo enlarges to the extent that it 
emerges from the seed coat and appears as a new pea plant.

Cellular respiration is one vital process referred to above.  Cellular respiration requires oxygen 
and an organic substrate that can undergo oxidation by the enzymes contained within the cell's 
cytoplasm and mitochondria.  This process using sugar as the organic substrate is summarized by the 
equation shown below.  

C6H12O6  + 6O2      6CO2 + 6H2O + Energy (ATP)

The chemical potential energy shown in the equation is released as ATP.  ATP in turn furnishes the 
energy needed by the cells of the embryo for growth and all life processes.

One would expect that as the embryo's total number of cells increases, then its total need for 
energy would increase. This energy need would drive the respiration process,  illustrated by the 
equation,  more rapidly to the right resulting in greater amounts of waste carbon dioxide being produced. 
Your task is to test this assumption by measuring the carbon dioxide released by pea seeds. One group of 
seeds will be dormant. Another test group will be into the germination process for 24 hours. A third test 
group will be into the germination process for 48 hours. From the data collected you are to determine if 
older germinating seeds release greater amounts of carbon dioxide then younger germinating seeds and 
dormant seeds.  Develop a hypothesis that predicts the effect of germination time on the seed’s rate of 
respiration.  Write your hypothesis after item 1 in the analysis section of this investigation.

Vernier Apparatus
LabPro, Carbon Dioxide Gas Sensor,  Seed Respiration Chamber

Materials
Safety goggles, laboratory apron, 40 glass beads, 40 pea seeds of three kinds (dormant, 24 hour, 

and 72 hour), paper towels.

Safety
Wear safety goggles at all times during this investigation 

Procedure
Seed carbon dioxide release is measured directly using the carbon dioxide gas sensor.  

Measurement using the sensor  is based on the knowledge that carbon dioxide gas absorbs infrared (IR) 
radiation. The sensor produces IR radiation from a hot filament. The IR radiation travels through air 
for a short distance from the filament to an IR detector. Carbon dioxide gas in the air path between the 
IR producing filament and the IR sensing detector decreases the electrical output of the carbon dioxide 
sensor. The LabPro computer interface in turn converts the electrical output of the sensor into a digital 
value that is carried to the computer via the USB cable. Computer Logger Pro software stores the carbon 
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dioxide values in a table and plots a graph of the carbon dioxide concentration over time. The carbon 
dioxide sensor you will use is sensitive to concentrations of the gas between 0 and 5000 parts per million 
(ppm).   The carbon dioxide concentration in the earth’s atmosphere is around 370 ppm.  Your breath 
could have concentrations as high as 50,000 ppm.
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Lab Pro Computer Setup

1. Check your computer lab station equipment for the following connections.  The cable of the 
carbon dioxide sensor is plugged into LabPro channel 1 (ch1).  The LabPro power supply is 
plugged into the LabPro AC adaptor port and a 110 volt outlet.  The USB cable is plugged into 
the LabPro and the computer USB port. 

2. Start the data collection software by double clicking on the LabPro icon found on the desk top.  
A data table and graph should appear on the screen.  The Y axis of the graph should be labeled 
CO2 ppm and the X axis should be labeled Time (sec).  The Collect button at the top of the 
screen should also be highlighted.  If this is the case proceed to step 4.  If the computer did not 
detect the carbon dioxide gas sensor the graph will not be labeled and the Collect button will be 
faded. In this case proceed to step 3.

3. Single click on the LabPro button. A new window appears showing the LabPro image and CH 
information.  Click and hold on the gray CH button. Drag to Chose Sensor and hold.  Drag to 
CO2 gas and release.  Now the CH1 display should be titled CO2 gas and a CO2 reading should 
be shown below the title.  Finally, close the sensor window. 

4. At this point the monitor window should be divided into two regions.  The left region should 
contain the table for recording the carbon dioxide readings.  The right region should contain the 
graph where the carbon dioxide readings will be plotted.  Both the table and graph have titles 
and labels.  You are now ready to start data collection.  Begin by single clicking the Collect 
button.

5. Clicking the collect button begins the warm-up of theCO2 sensor and initiates the collection of 
data.   One data sample will be taken each second for 600 seconds.  The warm-up process takes 
about  two minutes before the data readings are stable.

6. While you are waiting for the data readings to stabilize bring 50 glass beads, 50 (48 hour) pea 
seeds, 50 (24 hour) seeds and 50 dry (0 hour) pea seeds to your lab station.  Place each group on a 
paper towel and keep the groups separate from one another.

7. Click the Stop button.  Click on the Experiment menu item and drag to Clear Latest Run, then 
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release.  The data table and graph should now be clear for a new run.
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Running the Experiment

1. Pour the 40 dry seeds into the seed respiration chamber. 

2. While holding the chamber with one hand use your other hand to place the shaft of the sensor 
into the mouth of the chamber.  Twist the stopper gently to seal the sensor and chamber mouth.  
DO NOT TWIST THE SENSOR ITSELF OR YOU MAY DAMAGE IT.

3. Click the Collect button to begin measuring any accumulation of carbon dioxide in the 
respiration chamber.  Collect data for the full 600 seconds.  Data collection will stop 
automatically at this time. 

4. After data collection stops, click and hold on the File  menu option.  Drag to Print Graph, 
release. 

5. Remove the sensor from the chamber by grasping the rubber stopper and twisting. DO NOT 
TWIST THE SENSOR ITSELF.  Empty the dry seeds from the chamber and return them to the 
supply table.  One member of the team should draw a “best fit line” though the data points of 
the graph and then calculate the rate of carbon dioxide release (slope of the line).  Record the 
rate value as the respiration rate in ppm/sec. 

6. Other team members should repeat steps 1 to 5 for the 24 hour and 72 hour seed groups as well as 
for the glass beads.  Print a graph for each data set and calculate the rate of carbon dioxide 
release (slope of the best fit line) for each data set.  Record the rate values in the data table.

7. Return the germinating seeds to the supply table.  Close the Pro Logger data collection program.  
Turn off the power supply to the LabPro interface.  Turn off the computer if told to do so by your 
instructor.  Organize the lab station for the next user group.

Analysis
1. State the hypothesis in proper form.

2. You should have 3 graphs, one for each seed germination group.  Write a title at the top of each 
graph.  Which variable is plotted on the Y axis of the graph?  Which variable is plotted on 
the X axis of the graph?  Is the relationship between the two variables linear or nonlinear?  Is 
the relationship between the two variables direct or inverse?  Explain.

3. Construct a bar graph of the data in Table 1.   Write a title for the graph. Label the axes of the 
graph. 

4. Identify the conditions of this experiment that were held constant.  What condition was 
varied?

5. Explain the control set-up for this experiment.  

6. Write a conclusion for this investigation, reflecting back on your original hypothesis and 
including specific data values to support your ideas.

Going Further
1. Continue your study of pea seed respiration using other germination ages.

2. Continue your study of seed respiration by comparing a variety of seed types.
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3. Compare the respiration rate of untreated and herbicide treated germinating seed.

4. Continue your study of seed respiration by investigating the effect of temperature on the rate of 
carbon dioxide release.
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No Peas - Glass Beads

Wet Peas - 72 hours germination

Wet Peas - 24 hours germination

Dry Peas -  0 hours germination

Respiration Rate  (CO2 ppm/sec)Condition

Table 1:  Effect of Seed Germination Time on Cellular Respiration
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