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Practical Exam in Biology

In this problem, you will examine the process of photosynthesis and the processes that are
associated with it.

The questions in this exam are numbered 1-12. The point value of each question is given on the left of
each question.
Answer all of the questions in your answer booklet.

Part x — Comparing quantities of chlorophyll in leaves of wheat seedlings [p>va3] that grew under
different light conditions

Experiment 1

X, Students sprouted wheat seeds [py7t] in the dark. After one day the seeds germinated and the
seedlings were divided into four groups.
The seedlings in each group grew under the same environmental conditions, except for the duration

of exposure to light.

Group 8 — The seedlings grew in the dark for 8 days.

Group 1 — The seedlings grew in the dark. They were exposed to light of constant intensity for
the last 2 hours of the eighth day.

Group » — The seedlings grew in the dark. The seedlings were exposed to light of constant
intensity for the last 6 hours of the eighth day.

Group 7 — The seedlings grew under light of constant intensity for 8 days

2. The pictures below show leaves from each group of wheat seedlings after 8 days.

Group 7 Group > Group 2 Group x

[/
/

(‘\\

Dark green leaves Green leaves Light green leaves Yellow leaves

/continued on page 3/
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). After the students grew the seedlings for 8 days they performed the following steps:

— Weighed 10 leaves from Group x.

— After weighing the leaves, they cut them up and crushed them in a mortar.

— Added to the mortar an ethanol solution, which dissolves the pigments in the leaves and then
again crushed the shredded leaves.

— Filtered the pulp [pon] through a gauze and obtained an extract [»¥n].

— Checked the intensity of the green color in the extract using an instrument (a sectrophotometer).
Based on the intensity of the color obtained, they calculated the concentration of

chlorophyll in the extract.

7. The students repeated these steps with 10 leaves from each of the groups 1-7.
The chlorophyll concentrations that were measured in each of the extracts are listed below:
In the Group x leaf extract — 0.00 mg/ml of extract/gram of leaf
In the Group 1 leaf extract — 0.01 mg/ml of extract/gram of leaf
In the Group » leaf extract — 0.04 mg/ml of extract/gram of leaf

In the Group 7 leaf extract — 0.17 mg/ml of extract/gram of leaf

Answer questions 1 and 2

(6 points) 1. N, Draw atable (Table 1) in your answer booklet and use it to summarize the setup
and results of Experiment 1 (Items x-7).

(3 points) 3. Give the table a suitable title and the table columns suitable headings.

(5 points) 2. N. The main pigment in the extracts is chlorophyll. What environmental condition

do leaves of wheat seedlings require to produce chlorophyll?
Base your answer on the results of the experiment.

(5 points) 3. The seedlings in Group x grew in the dark for 8 hours. Can we expect such
seedlings to continue developing into mature plants in the dark? Explain your

answer.
Part 3 — Measuring some processes that take place in wheat seedlings

Experiment 2

Researchers grew wheat seedlings in the dark for 8 days and then they transferred them to the light.
Right after taking the seedlings out of the dark (Day 0), the researchers selected 10 leaves and prepared
an extract from them. They measured the intensity of the green color in the extract and calculated the
concentration of chlorophyll in the leaves (using the method described in Part x).

The researchers repeated these steps on each of the following days (1-4).

/continued on page 4/
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In addition, right after removing the seedlings from the dark (Day 0), they selected 10 intact leaves.
They put the leaves in a transparent container with a solution of sodium bicarbonate, which is a source
of carbon dioxide (CO,) for leaves. The researchers measured the concentration of dissolved oxygen in
the solution with an oxygen meter at the start of the experiment, and then capped the container.

Next, the researchers exposed the container to light of constant intensity for 10 minutes, and then again
they measured the concentration of dissolved oxygen in the solution.

They calculated the difference between the oxygen concentration after 10 minutes and the initial
oxygen concentration.

The researchers repeated these steps on each of the following days (Day 1-4).

The results of Experiment 2 are shown in Table 2 below.

Table 2
Number of days after Chlorophyll concentration Change in concentration
exposing the seedlings to in leaves of oxygen dissolved in the

light (mg/ml extract/gram leaf) solution
after 10 minutes of light
(micromole/gram leaf/minute)

0 0.00 -05
(Note: This value is negative)
1 0.06 1.5
2 0.12 33
3 0.15 4.5
4 0.16 4.7

Answer questions 3-10.

(3 points) 3. N. You will be asked to describe the association between chlorophyll
concentration in the leaves and the change in oxygen concentration in the
container using a graphical representation, based on the results shown in
Table 2.

What type of graphical representation is most suited to describing the
results, a continuous graph or a bar diagram? Explain your answer.

(7 points) a In your answer booklet, use the correct graphical representation to
describe the association between chlorophyll concentration in the leaves
and the change in oxygen concentration in the container.

(5 points) PN Describe the results of the experiment according to the graphical

representation.

/continued on page 5/
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(4 points)

(4 points)
(4 points)

(4 points)

(3 points)

(5 points)

(4 points)

(5 points)

(4 points)

(4 points)

(4 points)

(4 points)

4.

10.

Consider the following four answers (i-iv) to these questions: What is the

independent variable in Experiment 2 (Table 2)? How was it modified?

Copy the correct answer to your answer booklet.

1. The independent variable is the different number of days that the seedlings
were exposed to light. It was modified by changing the concentration of
chlorophyll in the leaves.

ii. The independent variable is the concentration of chlorophyll in the leaves.
It was modified by changing the number of days that the seedlings were
exposed to light.

1ii. The independent variable is the concentration of dissolved oxygen in the

solution. It was modified by changing the light intensity.

1v. The independent variable is the concentration of dissolved oxygen in the
solution. It was modified by changing the concentration of chlorophyll in
the leaves.
What is the dependent variable in Experiment 27

a Explain why the measurement method is suitable for measuring the
dependent variable.

N. Explain the result obtained in Experiment 2 with the seedlings which grew
only in the dark (Day 0).

2. Explain why it is important to also include in the experiment seedlings

which grew only in the dark.

N, Explain the results obtained in Experiment 2 with the seedlings which
were exposed to light (Days 1-4).

2 A student suggested adding to the experiment a transparent container with
a solution of sodium carbonate and no leaves, and to measure the change
in concentration of dissolved oxygen in the solution after 10 minutes of
exposure to light.
Explain the importance of this measurement.

N. In Experiment 2 all the containers were exposed to light of constant intensity.
Explain why it is important to keep this factor constant in the experiment setup.

2 List an additional factor (besides light intensity and number of leaves) that
was kept constant in Experiment 2 . Explain why it is important to keep this
specific factor constant in the experiment setup.

b Explain why 10 leaves were tested in each measurement and why testing
one leaf would not have been enough.

Researchers repeated Experiments 1 and 2 but decided to also measure the rate of

carbon dioxide (CO,) absorption in the seedling leaves.

The results that were obtained: The highest rate of carbon dioxide absorption

by leaves was measured in the seedling of Group 7 in Experiment 1 and in the

seedlings exposed to light for 4 days (Day 4) in Experiment 2 .

Suggest an explanation for both these results.

The seedlings of a number of plant species that grow in the wild under stones (in

the dark) develop long stems and their leaves are free of chlorophyll.

Based on your answer in Question 2.1., explain the advantage to the plant of

growing long stems in the dark.
/continued on page 6/
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Part » — Changes in quantity of starch in cress [1°)7710] leaves

Researchers grew cress plants — whose leaves are green - in a greenhouse. Over a 24-hour period, the
plants were exposed to light in the following way:

16 hours of light of constant intensity and 8 hours of dark. The other environmental factors were kept
constant.

Every few hours the researchers took a sample of leaves and measured the quantity of starch in them.

The experimental results over 24 hours are shown in the graph below.

Changes in quantity of starch in the leaves in the light and in the dark

Quantity of Starch
(micromole/gram leaf)
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(5 points) 11. ~. Explain why the quantity of starch in the leaves changed during the
hours of light.
(5 points) 3. During the hours of dark the quantity of starch in the leaves decreases.
(1) Explain why.
(2) Explain the importance of the decrease in the quantity of starch
to the processes in the plant.

Geophytes [Dvoxa] are plants whose storage organs are underground (for example, a tuber or bulb).

(3 points) 12. ~. In some geophytes (such as the Drimia [a¥n]) metabolism [D>120 99on] in their
storage organs also takes place in the dry season when the plant has no leaves.
These storage organs contain starch.
What change takes place in the quantity of starch in these organs during the dry
season? Explain your answer.

(4 points) 3. Starch is a polysaccharide [1970-17]. Explain the advantage of storing starch
compared to storing disaccharides [0»1770-)7] or monosaccharides [020-7n].

Give the proctor your exam paper and your answer booklet.
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