Seed Respiration: Student Guide
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What makes a seed breathe faster?

In some respects, plants are not that different from people.  Although plants can make sugars using the sun’s energy, when plants need energy they have to metabolize their stored sugars through cellular respiration, just like we do.  Plants need energy to stay alive (and maintain homeostasis), to perform certain functions like transporting sugars, and to grow.  Like us, a plant’s respiration rate is not constant and depends on many factors.  Think about when and why we breathe faster?  Do all people respire at the same rate when doing the same activity?  

After a seed drops from a plant it usually goes into a resting period called dormancy.  During dormancy the seed waits until conditions are just right and then begins germination.  Some seeds have to wait for years before they are able to germinate.  During this time, seeds cannot make their own food because they lack leaves!  Therefore, in order for a seed to stay alive or to grow it needs to use stored energy reserves and undergo cellular respiration.  Have you ever wondered why seeds and nuts have so many calories?  The seed will use those calories to survive during dormancy and to begin germinating.  

In this experiment you will select and test one factor that you think affects the respiration rate of a seed.  Do you think all seeds respire at the same rate?  You can choose from a variety of seeds that vary in size and type.  How do you think environmental conditions like light, moisture or temperature affect seed respiration?   Some seeds have been soaking in water.

When plants use sugars stored in their leaves or seeds they undergo cellular respiration.  


Sugar  +  Oxygen  (  Carbon dioxide  +  Water  +  Energy (ATP)

To detect respiration you will use a substance called calcium hydroxide that absorbs any carbon dioxide in the air and converts it to solid calcium carbonate.  We will put several seeds in a test tube that contains calcium hydroxide and then place the test tubes upside down in a beaker of water so that no new air can enter the test tube.  The calcium hydroxide will react with any carbon dioxide that is produced and remove the gas from the test tube air space.  As the seeds respire, they are taking in oxygen and respiring out carbon dioxide, but the carbon dioxide is being absorbed by the calcium hydroxide.  As a result, the number of gas molecules in the sealed test tube actually decreases as the seed respires and water is sucked up into the test tube.  This provides a visible indication that respiration is actually occurring.  Look at the diagram of the experiment on page 3.

You and your partner will choose your own variable to test (e.g., seed size or seed moisture), but everyone will use the same procedure for detecting respiration.  This will allow you to compare your results with other groups.  

Step 1:  Develop a question to explore  

What factors do you think would influence a seed’s respiration rate? 
(For example, you might wonder, how does moisture affect seed respiration?)

Step 2:  Develop a hypothesis 

How do you think the factor will influence a seed’s respiration rate?  Write a hypothesis below.  Include why you think your hypothesis is reasonable.  (For example, we think dry seeds will respire more than wet seeds because water could suffocate the seeds.)
Step 3:  Design an experiment to test your hypothesis.

What type of comparison will allow you to test your hypothesis?  Remember, to test the effect of one factor requires that all other factors are identical.  (For example, if you want to test the effect of water, you could compare wet and dry seeds.  Wet and Dry would be your two treatments.  You would use the same type of seeds and place them under the same environmental conditions.)  

The seeds for each of your treatments will be placed in a test tube that allows you to measure their rate of respiration (see diagram below).  Each group’s experiment will include a comparison of 2-3 treatments (for example wet seeds and dry seeds) and an experimental blank.  The blank will be a test tube without any seeds.  It will reveal if changes occur in the test tube without respiration from seeds!  If you are placing your seeds under different conditions in two different places (e.g., light and dark) you will need two blanks.  

Describe each of your treatments below.  If you are testing different seed types (e.g., beans vs. peas), keep all other conditions constant.  If you are testing the effect the seed or environmental condition (e.g., soaking the seeds), be sure to use the same type of seeds in all your treatments.  You will add the seed weight and final height later.

	Seed Respiration Experimental Treatments and Results

	Description of each treatment
	Measurements

	Treatment name

(wet seeds or dry seeds)
	Seed Type

(bean, pea)
	Seed size

(large, small)
	Seed condition (soaked or dry)
	Environmental conditions (light, temperature)


	Seed

Weight (g)
	Final height of water in test tube (cm)
	Difference between the blank and treatment (cm)

	1. Blank


	None
	None
	None
	Same as below
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Step 4:  Set up your experiment.

After sharing your ideas with your teacher, prepare your experiment.  Follow the instructions provided for setting up the test tubes.  Be sure to note anything unusual that happens during this time.

Day One

1. Review your experimental design (see Table above).

2. Select the seeds needed for your experiment.  Each test tube should contain 3 seeds, except for the blank.

3. Record the weight of the seeds.  Weigh the 3 seeds that will go in one test tube together. 

4. Gather the following materials:

· Test tubes with calcium hydroxide and a cotton plug. You will need one test tube for each part of your comparison and one for a blank without seeds.

· Cotton plugs





· 100 ml beaker with 25 ml of colored water.  If you are putting the seeds under different conditions you will need two beakers.  (For example if one needs to be in the light and one in the shade)





· Ruler


· Rubber band

5. Label each of your test tubes based on your experimental comparison.  (For example, wet, dry and blank).  Label the beaker with your names.

6. Add 3 seeds to each of your comparison test tubes.  Remember to leave one test tube without any seeds- this is your blank.

7. Add a layer of cotton next and make sure it stays in place when flipped upside down.

8. Put a rubber band around the test tubes and the ruler.

9. Turn the test tubes upside down in a beaker with colored water. Be sure the water level in each test tube is identical at the start of the experiment.  Ideally no water should enter the test tubes until the seeds have time to respire.  


Figure 1. Diagram of the experimental set up

Day Two

10. Measure the height of the water in each test tube.  Record the height on the data table.

11. Subtract the height of the water in the blank from the height of the water in your treatment test tubes.  Record this number.

12.  The difference in water heights indicates the degree to which the seeds were respiring. 

13. Add your results to a table with data from the rest of the class.  Compare your results.

14. Think about your results and answer the questions below.

Step 5: Think about your experiment.

Remember what happens during cellular respiration.


Sugar  +  Oxygen  (  Carbon dioxide  +  Water  +  Energy (ATP)

What causes water to rise in the test tube?  Refer to page 1 if needed.

Step 6:  Interpret your own results.

In which test tube did water rise highest?   Which seeds showed greater rates of respiration?

Step 7: Explain your results.

Why did respiration differ among your treatments?  Is this what you expected?  If you didn’t see any differences, why didn’t you? 

Step 8:  Compare your results.

Add your data to the class results.  Did your results match what other people found?  

Step 9:  Reflect.

Did your comparison provide interesting results?  What would you do differently next time?  What factors would you test next?


























Name(s) of researchers:





�








This material was developed through the Cornell Science Inquiry Partnership program (http://csip.cornell.edu), with support from the National Science Foundation’s Graduate Teaching Fellows in K-12 Education (GK-12) program (DGE # 0231913 and # 9979516) and Cornell University.  Any options, findings, and conclusions or recommendations expressed in this material are those of the author (s) and do not necessarily reflect the views of the NSF.





Air space within tube





Treatment 2





Treatment 1





Blank








Cotton plug 





Rubber band





Ruler











Beaker with water





Cotton plug





Seeds





Calcium hydroxide powder








PAGE  
4

