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Section A

These questions relate to your investigation into the density of  stomata in the lower epidermis 
of  leaves.

Use your Task Sheet, your results and your graph to answer the questions.

Answer all the questions in the spaces provided.

Do not write
outside the

box

1 You were given three leaves from the same plant.  Suggest one reason why the
leaves should be from the same plant.

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(1 mark)

2 You were told to decide for yourself  how many fields of  view to use to count the
number of  stomata.

Explain how you decided how many fields of  view to use.

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(1 mark)

3 You were told to count the number of  stomata in a field of  view using the highest
power magnification of  your microscope (step 6).

The magnification depends on the eyepiece lens and the objective lens.

Describe how you would find the magnification you used.

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(1 mark)
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Do not write
outside the

box

4 Give one precaution you took when counting the number of  stomata in a field of  view
to make sure the count was accurate. 

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(1 mark)

5 You were told to count the number of  stomata in different fields of  view of  the same
leaf  (step 7).
Explain why this was important.  

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(1 mark)

6 Using the data you obtained in your investigation, what can you conclude about the
number of  stomata per field of  view in different leaves of  the same plant?  

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(2 marks)
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7 A student carried out an investigation similar to yours.  In her investigation, she found
the area of  the field of  view and then estimated the number of  stomata in the lower
epidermis of  one leaf.

7 (a) Describe a method she could have used to find the area of  the field of  view.   

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(2 marks)

7 (b) Describe how she could have used her calculation of  the area of  the field of  view
when estimating how many stomata were in the lower epidermis of  one leaf.

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(4 marks)

(Extra space) ...................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
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8 In her investigation, the student compared leaves from a xerophytic plant with a plant
similar to the one you used.  She found that the leaves of  the xerophytic plant had a
lower number of  stomata per mm2.

Explain why having fewer stomata would be of  benefit to the xerophytic plant. 

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(2 marks)

Turn over for the next question

15
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Resource  Sheet

Introduction

Environmental factors can affect the density of  stomata in the lower epidermis of  leaves of  plants
of  the same species.

Resource A

Scientists investigated how growing plants at different temperatures affected the density of
stomata in the lower epidermis of  leaves.  They grew plants of  the same species from seeds.
Their method is outlined below.

l They took 8 trays containing soil and planted 50 seeds in each tray.
l They put each tray in a controlled environment at a different temperature.
l When the plants had grown from the seeds, they selected 20 fully grown leaves from the

plants in each tray.
l They determined the mean number of  stomata per mm2 in the lower epidermis for each group

of  leaves.

Their results are shown in the graph.

450
6 8 10 12

Temperature at which plants were grown / °C

14 16 18 20

550

650

Mean number
of  stomata per
mm2 in lower
epidermis

500

600

700
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Resource B

Scientists used fossil leaves from one species of  pine tree to investigate whether changes in the
concentration of  carbon dioxide in the air over long periods of  time had led to changes in the
number of  stomata in the leaves.

Their method is outlined below.

l They selected sites of  different ages. 
l They collected between 11 and 24 fossil leaves from each site.
l They found the mean number of  stomata per mm2 on the leaves from each site.
l They estimated the age of  each sample by dating organic remains around the leaves at each

site.

They compared results from the fossil leaves with leaves from the same species of  pine tree
growing today.

They knew the concentration of  carbon dioxide in the air at different times in the past.

Their results are shown in the table.

Age of sample

/ years

Concentration of

carbon dioxide in the

air / %

Mean number of stomata

per mm2

(± standard deviation)

present day 0.0350 192 (±2)

15000 0.0270 187 (±4)

10 000 0.0250 195 (±2)

15 000 0.0205 108 (±6)

20 000 0.0195 115 (±4)

25 000 0.0188 118 (±6)

30 000 0.0190 130 (±6)

PMT
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Section  B

Use the information in the Resource Sheet to answer the questions.

Answer all the questions in the spaces provided.

Do not write
outside the

box

Use Resource A to answer Questions 9 to 12.

9 Give three environmental variables, other than temperature, that the scientists would
have controlled when growing the plants.

1 .......................................................................................................................................

2 .......................................................................................................................................

3 .......................................................................................................................................
(3 marks)

10 The scientists used a range of  temperatures from 6 to 20 oC.
Using their data, explain why they did not use temperatures above 20 oC.

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(1 mark)

11 The scientists only selected fully grown leaves from the plants.

Suggest why.

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(1 mark)

PMT



WMP/Jun13/BIO3T/Q13/test

9 Do not write
outside the

box

12 The plants grown at higher temperatures had a lower number of  stomata per mm2.
This would be an advantage to the plant because the transpiration rate increases as
the temperature increases.

Explain why the transpiration rate increases when the temperature increases.

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(2 marks)

Use Resource B to answer Questions 13 to 18.

13 The concentration of  carbon dioxide in the air has changed with time.  Use the data to
describe how. 

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(2 marks)

14 The scientists calculated the mean number of  stomata per mm2 and the standard
deviation.

What does the standard deviation show?

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(2 marks)

Turn over �
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15 The scientists found the age of  the fossil leaves by dating the organic remains around
them.
Would this have affected the accuracy of  their data?  Explain your answer.

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(1 mark)

16 30 000 years ago the mean number of  stomata per mm2 on the lower epidermis of
pine tree leaves was much higher than it is today.  This would have enabled the plant
to grow faster when the carbon dioxide concentration of  the air was low.

Explain why. 

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(1 mark)

17 A student who saw these results concluded that as the carbon dioxide concentration
of  the air had increased the number of  stomata per mm2 in leaves had decreased.
Do the results support this conclusion?

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
(3 marks)

(Extra space) ...................................................................................................................

.........................................................................................................................................

.........................................................................................................................................
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18 The leaves of  plants that grow in dry areas usually have a low number of  stomata per
mm2.  Use your knowledge of  leaf  structure to suggest three other adaptations that
the leaves might have that enable the plants to grow well in dry conditions.

1 .......................................................................................................................................

2 .......................................................................................................................................

3 .......................................................................................................................................
(3 marks)

END  OF  QUESTIONS

Copyright © 2013 AQA and its licensors.  All rights reserved.

19

PMT



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




