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Total: 4 marks

(Example student responses and mark scheme on p. xx)

12 A study on stomatal density and carbon dioxide levels was published in 2011 by Indiana 
University, USA. The observations in Figure 2.10 were made.

‘The increase in carbon dioxide by about 100 parts per million has had a profound effect on 
the number of stomata and, to a lesser extent, the size of the stomata,’ said Research Scientist 
in Biology and Professor Emeritus in Geology David Dilcher, the two papers’ sole American 
co-author. ‘Our analysis of that structural change  shows there’s been a huge reduction in the 
release of water to the atmosphere.’

Figure 2.10

Source: Science Daily, 4 March 2011

(a) What are stomata? (1 mark)

(b) Explain the statement made by the scientist in Figure 2.10 that the structural change in the 
leaves has resulted in a huge reduction in the release of water to the atmosphere. (3 marks)

(c) Suggest a reason why an increase in carbon dioxide levels can result in a  
lower number of stomata. (3 marks)

(d) Describe how you would use the apparatus in Figure 2.11 to investigate the rate of  
transpiration in a broadleaved plant. (6 marks)

BA

Cotton wool

Water

Balance

Figure 2.11

F
H
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Total: 13 marks

(Example student responses and mark scheme on p. xx)

13 Figure 2.12 shows two types of plant. Plant A is a monocotyledon and plant B is a dicotyledon. 
Table 2.4 shows the differences in the distribution of stomata on the upper and lower surfaces  
of the two types of plant.

(a) (b)

Figure 2.12

Upper surface Lower surface

Monocotyledons

Wheat 50 40

Barley 70 80

Onion 175 175

Dicotyledons

Sunflower 120 175

Alfalfa 169 188

Geranium 29 179

Table 2.4

(a) Describe the structure of stomata and state their function. (2 marks)
 Structure:

  Function:

F
H
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Question 11 mark scheme
(a) The correct answer is xylem.

(b) 1 mark for each of the following points:
1 The arrangement of vascular bundles in a stem is like a tube/cylinder.
2 The forces a stem experiences will be bending/lateral/sideways forces.
3 The cylinder is stronger and so the stem is less likely to snap.

 

Question 11
Student A

(a) Xylem.

e  1 mark.

(b) The tube is stronger than the rod and so will not snap as easily as it would if it were a rod. The 
arrangement of vascular bundles in the stem is like a tube.

e  2 marks. The student does not state that the stem is likely to experience sideways forces.

 Question 11
Student B

(a) Vascular bundle.

e  No marks. The student has not really read the question as this label already appears on the 
diagram.

(b) The vascular bundles are like a tube in the stem and so are stronger.

e  2 marks. The student gains marking point 1 and there is just enough for marking point 3.

Question 12
Student A

(a) Pores in the surface of a leaf.

e  1 mark.

(b) Water is lost by transpiration through the stomata and so if there are fewer stomata then there will be 
less water going into the atmosphere.

e  3 marks. Marking points 1 and 2 are combined in the first sentence.

(c) More carbon dioxide means the plant can still get enough carbon dioxide through fewer stomata. The 
advantage of having fewer stomata is that less water is lost.

e  3 marks.
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Question 12 mark scheme
(a) Pores in the epidermal layer of leaves surrounded by a pair of guard cells.

(b) 1 mark for each of the following points:
1 Water can evaporate through the stomata…
2 …by transpiration.
3 The fewer the number of stomata, the less water can be lost.

(c) 1 mark for each of the following points:
➤	Plants obtain carbon dioxide for photosynthesis via their stomata.
➤	As the carbon dioxide levels rise, the plant can get sufficient carbon dioxide through fewer stomata.
➤	The advantage is that the plant can retain water by having fewer stomata.

(d) 1 mark for each of the following points:
➤	Record the initial mass.
➤	Start a stopwatch.
➤	Record the mass after a known time.
➤	Calculate the change in mass.
➤	Divide the change in mass by the time to give the rate of water loss in g min–1.
➤	Repeat the experiment and calculate a mean value.
➤	Subtract the mean rate of loss of water from the control to give the rate of transpiration from 

the plant.

 

(d) Measure the mass of the conical flask and the plant at the start of the experiment. Leave the apparatus 
for 10 minutes and then reweigh. Work out the difference and divide by the time to get the rate of 
transpiration. Repeat this to work out an average.

e  6 marks.

 Question 12
Student B

(a) Holes in the leaf surrounded by guard cells.

e  1 mark.

(b) Water leaves the leaves through the stomata so if there are fewer stomata then water won’t be able to 
leave the leaf.

e  2 marks. There is no mention of transpiration.

(c) The plant can get enough carbon dioxide through a smaller number of stomata when the carbon dioxide 
levels rise.

e  2 marks. The student does not give the advantage to the plant of retaining more water.

(d) The water lost can be worked out by measuring the weight of the apparatus at the start and end of the 
experiment. The amount of water lost is the rate of transpiration. It should be repeated to get an average 
and to make it a valid experiment.

e  3 marks.
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Question 13
Student A

(a) Structure: stomata are made of a pair of guard cells which can change shape to form a small pore.

 Function: to let gases such as carbon dioxide in and out of the leaf.

e  2 marks.

(b) There are roughly the same number of stomata on the lower and the upper surfaces in monotyledons 
whereas in dicotyledons there are more stomata on the lower surfaces.

e  2 marks. The observations have been made clearly.

(c) The number is greater on the lower surface of dicotyledons because it is shaded and so cooler and so 
it can have a greater number of stomata and not lose too much water. In monocotyledons, the leaves 
grow upright and so neither surface is warmer than the other and so there is no advantage of having an 
unequal distribution of stomata.

e  2 marks. The student gains marking points 2 and 3. Marking point 1 is not gained because they 
have not described the horizontal growth habit of dicotyledonous leaves.

 Question 13
Student B

(a) Structure: 

 Function: they are found in the epidermis of the leaf and they let carbon dioxide and oxygen in and out 
of the leaf.

e  1 mark. The student has not stated the structure of the stomata.

(b) There are more stomata in dicotyledons than in monocotyledons. Sometimes there are the same 
number of stomata on both surfaces and sometimes there are more on the upper surface than on the 
lower surface.

e  No marks. Although there are some interesting observations here, they do not answer the 
question which is to compare upper and lower surfaces for monocotyledons and then make 
the same comparison for dicotyledons.

(c) There are more stomata on the lower surface of dicotyledons because there is less air below the leaves 
as they grow horizontally and so more stomata means they can still get the carbon dioxide they need. 
In monocotyledons, the number is about the same on both sides because the leaves grow straight 
upwards and so there is plenty of air on both sides of the leaves.

e  The student has gained marking point 1, but not marking points 2 or 3 because they have 
not identified that there is a temperature difference between the two sides of the leaf in 
dicotyledons.
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Question 13 mark scheme
(a) 1 mark for each of the following points:

➤	Structure: a pore in the leaf surface surrounded by a pair of guard cells.
➤	Function: to allow gas exchange between the air and the leaf.

(b) 1 mark for each of the following points:
➤	Monocotyledons — the number of stomata on the upper surface and the lower surface are 

similar.
➤	Dicotyledons — there is a much greater number on the lower surface than on the upper surface.

Hints and tips
Make sure you read the question carefully so that what you write answers the question.

(c) 1 mark for each of the following points:
1 The leaves are pointing upwards in monocotyledons, but are more horizontal in dicotyledons.
2 The upper surface in dicotyledons is likely to be warmer than the lower surface due to 

exposure to the Sun.
3 Fewer stomata on upper surface of dicotyledons means less water is lost.

 Or the converse for monocotyledons.

 

Question 14
Student A

(a) The number of deaths from MRSA increases from 1993 to 2006. After that, it drops. The number of 
deaths from non-resistant bacteria stays roughly the same throughout.

e  3 marks. There is no comparison between the two causes of death, nor is there reference to 
the actual numbers of deaths.

(b) Because a cold is caused by a virus and antibiotics don’t work on viruses.

e  1 mark.

(c) An antibiotic can cause the bacterial cell to burst because it damages the cell wall.

e  2 marks.

(d) There are three stages. Stage 1 is where computers are used to check the shape of the molecule and that 
it won’t affect the molecules in our body. Stage 2 involves testing the drug in the lab on tissue sample to 
check it doesn’t kill the cells. Stage 3 involves humans. First they test it on students who are healthy and 
then they test it on sick patients. At this stage they can check how much to give and see if it actually works.

e  4 marks. The student does not include an explanation for the tests on healthy people. They also 
combine the last two phases into one. They need to include the small number of patients to 
check efficacy and then the large number of patients to double check the dose and efficacy.

(e) A double-blind test is where neither the patient nor the doctor knows whether they have been given the 
real medicine or a fake one.

e  2 marks. The key points are both here but they are stated in one sentence. Be careful to ensure 
separate points are easily distinguishable.
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