
BIOL 442 – Plant Physiology 

Lab #9:  Respiration 

 

Report due: 30 Nov 2019 

 Germinating seeds are not yet able to acquire the energy they need through 

photosynthesis, and so they depend largely upon respiration for their early development.  

Germination and establishment are very important parts of a plant's life cycle through 

which numerous individuals do not survive.  Therefore, measuring respiration rate of this 

stage under different environmental conditions will supply us with a greater 

understanding of these critical developmental stages. 

In the first experiment of this exercise, we will measure the respiration rate of 

germinating seeds at four different temperatures comparing them to controls which do not 

contain seeds.  In the second experiment, you will stain seeds that have been germinated 

at three different temperatures with a compound that will become colored in actively 

respiring cells.  These results will be used to assess the effects of temperature on 

respiration for developing seedlings. 

Objectives: 

Measure the respiration rate of seeds at different temperatures of seeds (seeds 

were germinated at room temperature). 

Observe respiration activity (by color changes in a dye indicating respiratory 

enzyme activity) for seeds germinated at three different temperatures. 

Materials: 

 0.1 M Ba(OH)2 solution --  Be careful.  As a strong base, it is TOXIC. 

 1 M HCl 

 1 % phenolphthalein 

 cheesecloth 

 string 

 1 % Tetrazolium 

Because of time constraints, each group of students will split into two sub-groups:  one 

sub-group will perform Experiment 1, and one sub-group will perform Experiment 2, the 

tetrazolium experiment.  If either sub-group of your group finishes before the others, they 

are expected to help with the other parts of these experiments. 

Experiment 1, Barium Hydroxide: 

 You will perform this experiment with beans germinated at room temperature and 

respiring at the four different temperatures.  For this part of the experiment, you will have 

four reaction flasks with beans (one for each treatment temperature) and four reaction 

flasks without beans but treated to the same set of temperature conditions.   



The respiration rate in the first experiment will be measured as CO2 production.  To 

estimate the amount of CO2 produced in a 2 hour period, we will depend on the ability of 

a solution of barium hydroxide [Ba(OH)2] to absorb CO2.  In this process, barium 

carbonate is produced that is insoluble in water and will precipitate. 

Ba(OH)2 + CO2  BaCO3 + H2O. 

As CO2 is produced from respiration, it will precipitate as barium carbonate.  So the trick 

is to be able to measure how much barium hydroxide has been “used up” in this process.  

Barium hydroxide is a strong base and will react in water by dissociation: 

Ba(OH)2  Ba
++

 + 2 OH
-
 

We can measure how much barium hydroxide has reacted to form the barium carbonate 

precipitate by seeing how much acid it takes to neutralize the remaining base.  This 

process takes place when we titrate the solution with acid in the presence of the indicator 

phenolphthalein.  The more CO2 produced by respiration and then removed from the air, 

the less acid it will take to neutralize the barium solution. 

Thus, greater respiration causes a greater decline in the pH of the barium hydroxide 

solution.  When this happens, a lesser amount of HCl is necessary to titrate the solution to 

neutral.  In other words, the control vials should require the most HCl and the most 

actively respiring vials should require the least HCl. 

For Experiment 1: 

1 The 250 ml Erlenmeyer flasks will be used as reaction vessels.   

2 Collect 12 germinating seeds for each of the four treatments from the seeds 

germinated at room temperature 

3 Determine their fresh mass. 

4 Tie them up in moist cheesecloth. 

5 Prepare a 250 ml solution of 10 mM Ba(OH)2 from the 0.1 M (100 mM) stock 

solution provided.  Add 25 ml to each of 8 flasks (four treatments plus four 

control flasks with no seeds). 

6 Hang the seeds by a string from the rubber stopper by passing the string along the 

side of the flask next to the stopper.  The seeds must not touch the solution.  The 

flask must be tightly sealed.  Do not allow the Ba(OH)2 solution to be exposed to 

the air any longer than necessary (it will react with CO2 in the air). 



7 After all the flasks are ready, place them in either the freezer (-15 deg-C), the 

refrigerator (5 deg-C) at room temperature (25 deg-C) or in the oven (65 deg-C) 

and let them respire for 2 hours. 

While waiting for the two hours, experiment with the Ba(OH)2 solution and develop you 

titrating skills.  For titrating, place 10 ml of fresh 10 mM Ba(OH)2 into an Erlenmeyer 

flask.  Add about 2-3 drops of 1% phenolphthalein (pH indicator).  Swirl to mix.  The 

solution should turn deep pink.  Using a pipette, add 0.1 M HCl dropwise until the color 

just disappears.  (You will need to make the 0.1 M HCl from the 1.0 M stock solution.  

Use a small beaker and a graduated cylinder.)  When adding the HCl dropwise, swirl 

your flask between each drop added to the solution until the solution becomes clear.  

How many milliliters did you add? 

Also, let 10 ml of Ba(OH)2 sit exposed to the air for an hour or so.  Titrate this solution--

it should take less HCl now because some of the base has been neutralized by carbonic 

acid from the CO2 in the air. 

After the 2 hours are over, titrate the Ba(OH)2 solution from each treatment.  Analyze 

these results by comparing the HCl required for each temperature treatment.  The actual 

value to compare is the difference between the control and the seed-containing treatments 

at the same temperature.  That difference is then divided by the fresh mass of the seeds 

and divided by the time over which they respired.  (Respiration rate = ∆ ml HCl / (fresh 

weight * time))  The units could be ml HCl g-1 min-1.   

Discussion question for this part:  How does the respiration vary with temperature?  Do 

all the controls require the same amount of HCl?  Why or why not? 

Experiment 2,  Tetrazolium test for dehydrogenase activity in cells and tissues 

 This experiment is intended to demonstrate the use of a simple test for indicating the 

activity of certain respiratory enzymes.  It is commonly used as a quick test for the 

viability of tissues, particularly seeds. 

Aerobic respiration involves the transfer of electrons from certain metabolic 

intermediates to oxygen, forming water.  (Remember that, in many ways, respiration is 

the reverse of photosynthesis, where water was split and oxygen released.)  The transfer 

of these electrons is catalyzed by a number of enzymes, collectively called 

dehydrogenases.  Acting as electron receptors and carriers are molecules such as NAD+, 

NADP+ and FAD+.  The enzymes can also transfer electrons to certain organic 

compounds not naturally found in plant cells.  One example of such a compound is 2,3,5-

triphenyltetrazolium.  When this compound is reduced by dehydrogenase enzymes, it 

changes from colorless to a reddish color (water-soluble triphenyl formazan).  Therefore, 

dehydrogenase activity can be estimated by the relative production of the reddish color 



when tissues are immersed in a tetrazolium solution.  Dead or dormant cells, unable to 

respire, lack dehydrogenase activity and will not show this red color. 

 We will apply this test to bean seeds that have been soaked in water overnight in 

three different temperature treatments:  -15°C, 23°C or 65°C.  Seeds were kept moist, so 

the 65°C treatment did not dry out the seeds.  Prepare three petri dishes (one for each 

temperature treatment) with paper to keep seeds moist (cut paper towels or filter paper to 

line the petri dishes and wet the paper).  Select 2 or 3 bean seeds for each treatment.  

Using a sharp razor blade, carefully cut longitudinally through the center of the seeds 

and place them seed coat down on the paper in the petri dishes.  Apply an approximately 

standard amount (several drops) of a 1% tetrazolium solution to the cut surface of each 

seed.  Cover the dishes to prevent drying.  Maintain them in darkness at room 

temperature because the tetrazolium will turn yellow in sunlight. 

 After 1/2 hr to 1 hr, observe the seeds for appearance.  Estimate, qualitatively, the 

appearance of the seed structures and count the number of colored seeds in each 

treatment.  Can you tell what parts of the seeds are stained red?  Use the dissecting 

microscopes if necessary.  How did the temperature treatment affect cell activity? 

 

 


