
(b) Each group will select a plant. The problem is an
environmental one relating to the plant; for example,
cacti live in places with high temperatures and
evapotranspiration rates, so their stomata are closed
during the day. Groups should describe the solution
appropriate for the plant. Cacti fix carbon at night,
forming malic acid. During the day, malic acid is
decomposed into carbon dioxide and a 3-carbon
molecule, which supplies carbon dioxide when light is
available.

2. Similarities include the use of ATP, NADPH, and the
Calvin-Benson cycle. Differences are localized as to how
carbon dioxide is provided to the cycle. In C3 plants,
carbon dioxide is provided directly through diffusion. In
C4 plants, diffusion is augmented by the formation of 
4- carbon compounds during the day, which are
transported into the bundle sheaths where they are
decomposed to release carbon dioxide. In CAM plants,
stomata are opened at night and carbon dioxide is fixed to
malic acid, which is stored in vacuoles. During the day,
malic acid decomposes to release carbon dioxide.

3. Accept any answer that links our understanding of
photosynthesis to each topic. The more specific the link
and the example used for each topic, the better.

Answer to Extension Question
4. Students should provide a clear outline of their opinion

and a few key points that support their opinion. Make it
clear to students that there is no right or wrong answer,
but that they are stating their opinion and are to provide
support for that opinion based on their readings.

Assessment Options
■ Collect and evaluate students’ answers to Analysis and

Extension questions.
■ Use Assessment Checklist 4: Performance Task Group

Assessment or Assessment Checklist 7: Independent
Research Skills from Appendix A.

Section 5.2 Review Answers
Student Textbook page 179

1. A plant uses glucose for cellulose and other structural
tissues, for the synthesis of other carbohydrates, for
storage as starch, and in the synthesis of other essential
compounds such as amino acids.

2. The light-dependent reactions require the absorption of
light from the Sun via photosynthetic pigments, to
produce ATP and NADPH in the stroma of the
chloroplast. When there are sufficient amounts of ATP
and NADPH, these molecules are used for the synthesis
of glucose. The synthesis of glucose occurs in the light-
independent reactions, which as the name implies, can be
carried out in the presence or absence of light. 

3. Students’ sketches should resemble Figure 5.9B.

4. The shape of the action spectrum will parallel that of the
absorbance spectrum for the photosynthetic pigments
together. However, an action spectrum describes how the
rate of photosynthesis varies with the wavelength of light
absorbed, and an absorbance spectrum describes how
individual pigments absorb light. 

5. Most green plants contain more than one photosynthetic
pigment because each absorbs light of different colours
(wavelengths). Having more than one type of pigment
allows plants to use as much solar energy as possible.

6. Photosystems are complexes located on the thylakoid
membrane that contain light-absorbing pigments. 

7. •  Pigment molecules that are assembled in photosystems
absorb light energy, which is concentrated in a
chlorophyll a molecule.

•  Excited electrons are raised to a higher energy level. 

•  The electrons pass through an electron transport system
where the energy released is used to produce ATP.

•  A water molecule is split into its elements. The
hydrogen atoms reduce NADP+ to NADPH, which
participates in the Calvin-Benson Cycle.

•  The oxygen atoms combine and leave the cell as oxygen
molecules.

8. The electron transport system can be described as a
staircase. On each step is a carrier molecule that accepts
high-energy electrons from above and passes them down
to a carrier below.  High-energy electrons lose energy as
they are passed from carrier to carrier. This energy can be
used to produce ATP molecules. 

9. NADPH is a reduced molecule. The oxidized version (i.e.,
the version containing one less electron) is NADP+.

10. Electrons that are lost from chlorophyll molecules in
photosystem II are replaced by the splitting of water.

11. The process of chemiosmosis involves the use of a proton
gradient across a membrane to synthesize ATP.

12. The ATP and NADPH required for the synthesis of
glucose is obtained from the light-dependent reactions.

13. Carbon dioxide enters the Calvin-Benson cycle by
combining with a molecule of ribulose bisphosphate to
form an unstable six-carbon compound that immediately
breaks down to two three-carbon compounds. ATP and
NADPH produced in the light-dependent reactions act in
converting these compounds to PGAL molecules. Some
PGAL molecules combine to form glucose. Others are
converted back to ribulose bisphosphate, which is needed
to continue the cycle.

14. (a) Since aerobic bacteria need oxygen to survive, greater
concentrations of bacteria reflect greater
concentrations of oxygen, and thus imply greater rates
of photosynthesis. Photosynthesis is greatest in violet
and blue light and red light. Photosynthesis is least in
green and yellow light.
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(b) Each hypothesis should have a manipulated variable,
a responding variable, and an explanation of why the
effect might be expected. For example, light of
differing colours will have different rates of
photosynthesis because each photosynthetic pigment
will absorb light differently. Support (or lack of
support) must be provided based on Englemann’s
experiment. For the hypothesis provided, support is
provided by the differing concentrations of bacteria
around blue light as compared to green light.

Investigation 5.C: The Rate of 
Photosynthesis

Student Textbook pages 180-181

Purpose
Students will investigate how different variables, such as light,
affect the rate of photosynthesis.

Outcomes
■ 20-C1.1s
■ 20-C1.3s
■ 20-C1.4s

Advance Preparation

*Refer to Preparing Solutions in the front matter of this
Teacher’s Resource.

Time Required
■ Part 1: 60 minutes (15 minutes set up; 20 minutes to do

investigation; 10 minutes clean up; 15 minutes to do
analysis and conclusion questions)

■ Part 2: 60 minutes (20 minutes to plan investigation; 20
minutes to carry out the investigation; 20 minutes to write
up results; 
Note: times will depend on the ability and experience of
students

Helpful Tips 
■ Use BLM 5.2.9 (HAND) Investigation 5.C: The Rate of

Photosynthesis to support this activity. Remove sections as
appropriate to meet the needs of the students in your class.
The answers can be found on BLM 5.2.9A (ANS)
Investigation 5.C The Rate of Photosynthesis Answers.

■ In order to reduce concerns about reliability in this lab,
have the students pool data for the class to increase the
number of replicates.

■ Students will have to design a system to reduce ambient
light; turning off the classroom lights might work if
everyone coordinates their timing.

■ Expected Results: 
Part 1: 
Here are some sample results – your results will vary
depending on the intensity of light, the concentration of
the sodium bicarbonate solution, or the leaves used in this
investigation.

The point at which 50% of the disks are floating is
between 10 and 12 minutes.
Part 2: Results will depend on the variable selected.

Time
(minutes)

Number of Leaf Desks
Floating

1 0

2 0

3 0

4 0

5 0

6 0

7 1

8 2

9 2

10 3

11 5

12 7

13 8

14 10

Materials

■ plant leaf
■ liquid dish soap
■ 0.25% sodium carbonate
■ single-hole punch
■ 10 mL plastic syringe (without the needle)
■ medicine dropper
■ 200 mL beaker
■ lamp with a reflector and 150 W bulb
■ timer
■ materials for students to carry out Part 2 of the investigation

When to Begin What to Do

1 or 2 days before ■ Photocopy BLM 5.2.9:
Investigation 5.C

■ Prepare sodium
bicarbonate solution.*

■ Obtain sufficient plant
leaves.
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