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Gas Exchange in Organisms 4

Your notes

Gas Exchange in Organisms

= Cellularrespirationis a process occurringin all living cells that releases energy in the form of ATP
= Thisenergyisreleased when substrate molecules such as glucose is oxidised
= QOrganisms use this energy to performimportant life functions such as nutrition and excretion
= Aerobic respirationrequires oxygen to occurand it produces carbon dioxide as a waste product
= Living organisms acquire this oxygen from their environment and release carbon dioxide back
into their surroundings
= The process by whichthese gases are exchanged between living organisms and their environment is
called gas exchange
= Thisincludes oxygen uptake and the release of carbon dioxide by organisms
= |nplants, carbon dioxide will be absorbed and oxygen released during the day as a result of
photosynthesis
= Gasexchange takes place by the process of diffusion, the rate of whichis determined by the following
factors:
= Size of therespiratory surface - the bigger the surface, the higher the rate of diffusion
= Concentration gradient
= Diffusion distance - the shorter the distance, the higher the rate of diffusion
= Small, unicellular organisms such as amoeba have alarge surface area compared to the volume of
cytoplasm and a short diffusion distance
= This means that the rate of diffusionis sufficient to supply the organism with enough oxygen to
function

Single Celled Organism Diffusion Diagram
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Small, unicellular organisms have a large surface area to volume ratio and a short diffusion distance to

allow for effective gas exchange to occur

Challenges of gas exchange in organisms

As anorganismincreasesin size, the challenges of gas exchange become greater
Thisis because anincrease in size will resultin a:

= Smaller surface area to volume ratio

= Greater diffusiondistance
Large, multicellular organisms therefore cannot rely on diffusion alone to supply every cell with
oxygen

= Anotherchallenge is that the external surface of these organisms are designed to provide

protection to the tissue underneath and is therefore not suitable as a respiratory surface

The cells of large, active organisms will require more oxygen than smaller, less active organismsin
orderto meet theirmetabolic demands

= These organisms will require specialised organs for gas exchange

O ExaminerTip

Make sure that you do not confuse respiration and gas exchange with each other. Respirationis a
chemical process occurringin allliving cells while gas exchange refers to the diffusion of oxygen and
carbon dioxide across arespiratory surface.
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Gas Exchange Surfaces: Properties

= Tomaximise the rate of diffusion of oxygen and carbon dioxide, gas exchange surfaces require certain
properties whichinclude:
= Permeability in orderfor gases to move across the surface
= Thin tissue layer to create a short diffusion distance for oxygen and carbon dioxide
= Presence of moisture so that gases can dissolve
= Thiswill facilitate the diffusion of gases across a gas exchange surface
= Large surface area so that many gas molecules can diffuse across at the same time
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Maintaining a Concentration Gradient

= Asteep concentration gradient will ensure a high diffusion rate across a gas exchange surface
= |norganisms, this will allow the diffusion of oxygeninto the body and the diffusion of carbon
dioxide out of the body
= These concentration gradients are maintained in the following ways:
= Adense network of blood vessels to provide a large surface area for the diffusion of gases
= Blood provides a good transport medium for both oxygen and carbon dioxide
= Acontinuous blood flow in the blood vessels to ensure that oxygenis constantly transported
away from the gas exchange surface and carbon dioxide towards them
= This ensures that oxygen will always diffuse into the blood and carbon dioxide out of the blood
inthe lungs
= Ventilation with airin lungs and water in gills to bring oxygen close to the gas exchange surface and
toremove carbon dioxide

Alveolus Diagram
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@ - DEOXYGENATED RED BLOOD CELL Your notes
(BLUE FOR PURPOSE OF THIS DIAGRAM ONLY)

@ - OXYGENATED RED BLOOD CELL

e ALVEOLUS

PULMONARY

[ PULMONARY
ARTERY

The alveolus is the gas exchange surface in humans where a concentration gradient for oxygen and
carbon dioxide is maintained
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Mammalian Lungs: Adaptations /

Your notes

Mammalian Lungs: Adaptations

Airmoves in through the nose and mouth beforeitis carried to the lungs through the trachea
The tracheaiis a tube supported by rings of cartilage which help to support its shape and ensure it
stays open while allowing it to move and flex with the body
The trachea divides to form the two bronchi (singular bronchus) with walls also strengthened with
cartilage and a layer of smooth muscle that can contract orrelax to change the diameter of the
airways. Both trachea and bronchi are lined with ciliated epithelium to remove particles trappedin
mucus that enter the airways
= Onebronchusleadstoeachlung
Bronchioles branch off the two bronchi to form a network of narrow tubes
= The walls of the bronchioles are lined with a layer of smooth muscle to alter the diameter of the
bronchiole tubes
= This helps toregulate the flow of airinto the lungs by dilating when more airis needed and
constrictingwhene.g. anallergenis present
Groups of alveoli are found at the end of the bronchioles
Eachalveolus is surrounded by an extensive network of capillaries to provide a good blood supply for
maximum gas exchange

Human Gas Exchange System Diagram
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Adaptations of mammalian lungs for gas exchange

= Eachmammalianlungis comprised of many, small alveoli
= These provide alarge surface area for gas exchange

= Alveoliare grouped around the ends of bronchioles, which spreads out to form a branched network
across each lung

= This ensures an even distribution of alveoli throughout the lungs
= The clusters of alveoli are surrounded by an extensive capillary bed
= This provides anincreased surface area for the diffusion of oxygen and carbon dioxide between
the alveoliand blood
= Deoxygenated blood enters the capillary beds from a branch of the pulmonary artery while
oxygenated blood leaves the capillary beds via a branch of the pulmonary vein

= This maintains the concentration gradient of oxygen and carbon dioxide between the alveoli
andblood
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= Cells of the alveolar wall secrete a substance called surfactant which lowers the surface tensionin the /
alveoli
= This prevents the alveoli from collapsing and sticking together during expiration Your notes

Human Alveoli Diagram

OXYGENATED

BLOOD TO
HEART

DEOXYGENATED

BLOOD FROM MANY ALVEOLI
HEART LGIVES A LARGE
SURFACE AREA

TO VOLUME RATIO

Many, small alveoli and an extensive capillary network are examples of how the mammalian lung is
adapted for gas exchange

O Examiner Tip

Make sure of the terminology that you use here; do not confuse the alveolar wall with a cell wall. The
alveolar wallis a single layer of epithelial cells that forms the alveoli, while a cell wall is a rigid structure
that surrounds a plant cell.

Page 9 of 35
© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Mechanism of Ventilation

Ventilation: Mechanism

= Ventilationis essential for the effective exchange of gasesin the lungs
= |treplacesolderairinthe lungs with fresh air from the external environment
= This helps to maintain the concentration gradient of oxygen and carbon dioxide between the
alveoliand blood
= Ventilationinvolvesinspiration (breathing in) and expiration (breathing out)
Inspiration

= The breathing-in, orinspiration, process causes the volume of the chest to increase and the air
pressure to decrease until it is lower than the atmospheric pressure
= Whengasisinalarge volume container that allows the gas particles to spread out, the pressure
exerted by the gas on the walls of the containeris low
= Asaresult, airmoves down the pressure gradient and rushes into the lungs
= Agas willalways move down a pressure gradient from an area of high pressure to an area of low
pressure
= Theinspiration process
= Thediaphragm contracts and flattens, increasing chest volume
= |naddition to the flattening of the diaphragm the external intercostal muscles contract, causing
the ribcage to move upwards and outwards; this also increases chest volume
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INHALATION

EXTERNAL INTERCOSTAL
MUSCLES CONTRACT,
EXPANDING THE RIBCAGE

PRESSURE DECREASES,
S0 AIR IS DRAWN INTO
THE LUNGS

DIAPHRAGM CONTRACTS,
PULLING DOWNWARDS

BREATHING IN
— EXTERNAL INTERCOSTAL MUSCLES CONTRACT
- RIBCAGE MOVES UP AND OUT
— DIAPHRAGM CONTRACTS AND FLATTENS
— VOLUME OF THORAX INCREASES
— PRESSURE INSIDE THORAX DECREASES

—AIR IS DRAWN IN

#savemyexams

The process of inspiration

Expiration

= Breathing out, or expiration, occurs mostly due to the recoil of the lungs after they have been
stretched by the inspiration process, and is therefore a mainly passive process

= Volume of the chest decreases and pressure increases, causing air to be forced out downits
pressure gradient
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= Whengasisinalowvolume containeritis compressed, causing the gas particles to exert more ,

= The passive expiration process

pressure on the walls of the container
Your notes

Externalintercostal muscles relax, allowing the ribcage to move down andin
Diaphragm relaxes and becomes dome-shaped

= Therecoil of elastic fibres in the alveoli walls reduces the volume of the lungs
= The expiration process can be active when there is a need to expel excess air from the lungs e.g. when
blowing out a candle
= The active expiration process

Internal intercostal muscles contract to pull the ribs down and in

Abdominal muscles contract to push organs upwards against the diaphragm, decreasing the
volume of the chest cavity

This causes forced exhalation
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EXHALATION Your notes

EXTERNAL INTERCOSTAL
MUSCLES RELAX, ALLOWING
THE RIBCAGE TO DROP
INWARDS AND DOWNWARDS

PRESSURE INCREASES,
SO AIR 1S FORCED OUT
OF THE LUNGS

DIAPHRAGM RELAXES
AND MOVES UP

BREATHING OUT
— EXTERNAL INTERCOSTAL MUSCLES RELAX
- RIBCAGE MOVES DOWN AND IN
— DIAPHRAGM RELAXES AND BECOMES DOME-SHAPED
- VOLUME OF THORAX DECREASES
— PRESSURE INSIDE THORAX INCREASES
- AR IS FORCED OUT

#Fsavemyexams

The process of passive expiration
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Measuring Lung Volumes: Skills 4

Your notes

Measuring Lung Volumes

= |tispossible toinvestigate the effect of exercise onventilation using an apparatus called a spirometer
= |tcontains a chamber filled with water which is covered by a hinged plastic lid
= The person partakingin the experiment breathes through a mouthpiece whichis connected to the
spirometer chamber
= Theplastic lid moves up and down as breathing occurs
= The spirometer chamber could be filled with either air or oxygen
= When filled with air, it can be used to determine lung capacity in different conditions
= When filled with oxygen and soda lime (for absorbing carbon dioxide), it can measure oxygen
consumptionin different conditions
= Spirometer traces are created by:
= Drawingaline onarevolving drum as the lid moves
= Acomputerwhich draws a graph of the results
= Several measurements can be made using spirometer traces such as:
= Ventilationrate
= Tidalvolume
= Reserve volumes during inspiration and expiration
= Vital capacity
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CLASSIC SPIROMETER ,
Your notes

TRACE DRAWN ON REVOLVING
DRUM AS LID MOVES UP AND-
DOWN

AIRTIGHT CHAMBER
FILLED WITH OXYGEN

COUNTERWE!GHTP

CANISTER OF SODA
LIME TO REMOVE
CARBON DIOXIDE
PRODUCED

NOSE CLIPe

- a

y

SUBJECT BREATHES IN AND OUT
UNTIL OXYGEN USED UP

A classic spirometer can be used to investigate ventilation

Page 15 of 35

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

FULLY ELECTRONIC SPIROMETER

NOSE CLIP GRAPH PRODUCED
ON COMPUTER SCREEN
<

MACHINE RECORDS
THE RESULTS OF
THE SPIROMETRY TEST

Using a spirometer to monitor ventilation can also be carried out with an electric spirometer

Analysis of spirometer trace

= The effect of exercise on ventilation canbe seenin the spirometer trace below
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KEY: 1=INSPIRATORY LEVEL
2 =TIDAL VOLUME

3 =EXPIRATORY RESERVE VOLUME

4 =VITAL CAPACITY

Tidal volume

= Thetidal volume is the volume of airinhaled and exhaled during normal breathing

= Exercise willlead to anincrease in the tidal volume as more airis moved in and out of the lungs
= \We do have the potential to take extra deep breaths
= The maximum volume of air that can enter the lungs duringinspiration is known as the

maximum inspiratory level

= Similarly, the maximum volume of air that can be exhaled during expiration is known as the

maximum expiratory level

Inspiratory and expiratory reserve volumes
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= Thereserve volumes of the lungs refer to the extra volume of air that can be inhaled or exhaled when
taking an extra deep breath and are determined as follows:
= Thedifference between the maximum inspiratory level and tidal volume is called the inspiratory
reserve volume
= Thedifference between the maximum expiratory level and tidal volume is called the expiratory
reserve volume
Vital capacity

= The vital capacity (VC) refers to the total amount of air exhaled after taking a deep breath
= This canbe calculated by adding the tidal volume (TV), inspiratory reserve volume (IRV) and
expiratory reserve volume (ERV) together
VC =TV +IRV + ERV

Ventilationrate

= The ventilationrate can be determined by counting the number of inhalations or exhalations per
minute

= Exercise will cause anincrease in the ventilation rate as you will be taking more breaths per minute
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Gas Exchange in Plants

Leaf Adaptations for Gas Exchange

= Gasexchangeinplants occur through the leaf
= Theleaf contains the following tissues:

= Epidermal tissue forming the outer boundary of the leaf

= Mesophyll tissue that make up the bulk of internal structure of the leaf

= Vascular tissue which transports substances between the leaf and the rest of the plant
Epidermis

= Thisis formed by a single layer of tightly packed cells
= Theleaf has anupperandlower epidermis which protects the inner parts of the leaf
= Thelower epidermis contains tiny pores called stomata (singular stoma)
= Eachstomais surrounded by two guard cells which controls the opening and closure of the pore
= Whenwatermovesinto the guard cells they become turgid and change shape which opens
the stomata
= Theybecome flaccid when wateris lost and this causes the stomata to close
= Stomata are the structures through which gas exchange occurin aleaf
= They allow for the diffusion of oxygen and carbon dioxide into and out of the leaf
= The epidermisis often covered by a waxy layer called the cuticle
= Thisformsanimpermeable barrier
Mesophyll tissue

= These are formed by parenchyma cells which contain chloroplasts
= Thisis where photosynthesis occursin the leaf
= Two types of mesophyll tissue are found in the leaf:
= Palisade mesophyll forms alayer beneath the upper epidermis and contain many chloroplasts for
maximum photosynthesis
= Spongy mesophyll contains large air spaces between the cells for gas exchange to occur
Vascular tissue

= Vasculartissueis arranged in vascular bundles andis responsible for the transport of substances
around the plant
= Vascularbundles formthe veinsinleaves
= Xylemtransports water and mineralions from the roots to the leaves
= Phloem transports the products of photosynthesis from the leaves to other parts of the plant

Structure of aLeaf Diagram
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A
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The structure of a leaf has distinct layers each with their own function

Adaptations for gas exchange

= Theleaf has several adaptations that facilitate gas exchange
Leaf Adaptations for Gas Exchange Table

Adaptation Function

Prevents gases and water vapour from leaving through the
Waxy cuticle epidermis so that gas exchange must occur through stomata. This
allows gas exchange and waterloss to be controlled

Contain stomata for gas exchange. Most stomata are foundin the

Epidermis lower epidermis where the temperature is lower. Thisreduces
waterloss
Air spaces Maintains a concentration gradient of gases between the airand
i .
P spongy mesophyll cells by allowing movement of gases
Spongy mesophyli Increases the surface area for gas exchange
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Guardcells

Control gas exchange and waterloss by opening or closing
stomata

Veins

Xylem vessels bring water to the leaf whichis required for
photosynthesis and transpiration. Photosynthesis requires carbon
dioxide to diffuse into the leaf while transpirationinvolves the loss

of watervapour
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Transpiration: Consequence of Gas Exchange ,

= The majority of photosynthesis takes place in the leaves of plants Your notes
= Some plants are able to carry out photosynthesis in the cells of their stems
= During photosynthesis, carbon dioxide is taken in by the leaf and oxygenis released
= The poresin the epidermis of the leaf through which this gas exchange takes place are known as
stomata (singular stoma)
= The stomataneedtobe openallthe timein order for gas exchange, and therefore
photosynthesis, to continue
= The problemforplantsis that as the stomata opento allow gas exchange to occur, water in the form of
water vapour is also lost through the stomata
= Thiswaterlossis known as transpiration
= Most plants canuse cells called guard cells to close their stomatain order to reduce water loss,
but this will also reduce gas exchange and therefore theirrate of photosynthesis
= Transpirationis the inevitable consequence of gas exchange in the leaf
= There are some advantages to the process of transpiration
= |tprovides a means of cooling the plant via evaporation
= The transpiration streamis helpful in the uptake of mineral ions
= Theturgorpressure of the cells, due to the presence of water as it moves up the plant, provides
support to the leaves and to the stems of non-woody plants
= | eaveswith high turgor pressure do not wilt and therefore have anincreased surface area for
photosynthesis

Transpiration in the Leaf Diagram

LOWER EPIDERMIS

WATER OF LEAF
STOMA

GUARD CELL (PLURAL STOMATA)
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The loss of water vapour from leaves by evaporation through the stomata is unavoidable as gas
exchange for photosynthesis can only occur when the stomata are open

Factors affecting the rate of transpiration

= Airmovement
= More airmovement leads to increased rates of transpiration
= Theairoutside aleaf usually contains alower concentration of water vapour than the air
spacesinside aleaf, causing water vapour to diffuse out of the leaf
= Whenthe airis relatively still, water molecules can accumulate just outside the stomata,
creating alocal area of high humidity
= Less water vapour will diffuse out into the air due to the reduced concentration gradient
= Aircurrents, orwind, can carry water molecules away from the leaf surface, increasing the
concentration gradient and causing more water vapour to diffuse out
= Temperature
= Highertemperatureslead to higher rates of transpiration, up to a point at which transpiration
rates will slow
= Anincreaseintemperatureresultsin anincrease in the kinetic energy of molecules
= Thisincreases the rate of transpiration as water molecules evaporate out of the leaf ata
fasterrate
= |f the temperature gets too high the stomata close to prevent excess water loss
= Thisdramatically reduces the rate of transpiration
= Lightintensity
= Higherlightintensities willincrease the rate of transpiration up to a point at which transpiration
rates will level off
= Stomata close in the dark and their closure greatly reduces the rate of transpiration
= Stomataopenwhenitislight to enable gas exchange for photosynthesis; thisincreases the
rate of transpiration
= Oncethe stomataare allopen anyincrease inlight intensity has no effect on the rate of
transpiration
= Humidity
= Higher humidity levels reduce the rate of transpiration
= |f the humidity is high that means the air surrounding the leaf surface is saturated with water
vapour
= This causes therate of transpiration to decrease as there is no concentration gradient
between theinside of the leaf and the outside
= Atacertainlevel of humidity, an equilibriumis reached; water vapour levels inside and
outside the leaf are the same, so there is no netloss of water vapour from the leaves
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Several environmental factors affect the rate of transpiration in plants

©O Examiner Tip

Take note that the movement of water molecules during transpiration is not by osmosis. One of the
requirements of osmosis is that water molecules move across a cell membrane, which does not
happen during transpiration. We therefore say that water vapour diffuses out of the leaf through
stomata during transpiration

Measuring the rate of transpiration

= The effect of environmental factors on the rate of transpirationin plants can be measured using a
piece of equipment called a potometer
= Note that while potometers are used to measure transpiration rates, they technically measure the
rate of water uptake rather than the rate of transpiration, as a small amount of the water taken up
by a plant will be used in photosynthesis
= Because the amount of water used in photosynthesis is so smallinrelation to the total amount
of water that passes through a plant, the rate of water uptake can reasonably be used to
represent the rate of transpiration
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= Differenttypes of potometer exist ,
= Bubble potometers measure the movement of an air bubble along a water-filled tube
connectedto aplant shoot as wateris drawn up by the shoot Your notes
= The position of the airbubble isrecorded at the start of an experiment, and then aresearcher
can either measure how far the bubble moves in a set amount of time, or time how long it
takes for the bubble to move a certain distance

Mass potometers measure the change in mass of a water-filled test tube connected to a plant
shoot asitloses water overaset amount of time

= The effect of various environmental factors on transpiration can be measured by placing the
potometerin different conditions e.g.
= Windspeed
= Humidity
= Lightintensity
= Temperature

A BUBBLE POTOMETER

KEY:
% = TRANSPIRATION

RESERVOIR

RUBBER
BUNG

CAPILLARY
TUBE

AIR BUBBLE

(_i.l.l.l.|.|.|bv/-| 1
L NN

CUT SHOOT VOLUME
SCALE

BEAKER OF WATER

A bubble potometer uses the movement of an air bubble to measure the rate at which water is drawn up
by a plant shoot. In this image the air bubble will move to the left along the tube as the plant transpires

= Environmental factors can be investigatedin the following ways
= Airmovement

= Afanondifferent settings could be used to vary the flow of airaround a plant shoot
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= Humidity /
= Enclosing the plant shootin a plastic bag can increase the humidity
= A humidifier or dehumidifier could be used to give a measurable variation in humidiy Your notes
= Lightintensity
= Alamp at different distances or with different types of light bulb can be used to vary light
intensity
= Temperature
=  Athermometer or temperature probe can be used to find surroundings with different air
temperatures
= Aheaterorairconditioner can be used to give a measurable variation in temperature
= Aresearcherwould needto be aware of the importance of controlling any variables other than the
variable being investigated to ensure that any results are valid e.g. placing a plant shoot in different
rooms could be away of varying temperature, but might bring the risk of also varying light levels and
humidity; these variables would need to be controlled
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Drawing Leaf Structure: Skills /

Your notes
Drawing Leaf Structure

= You willbe expected toidentify the following structures in the leaf of a dicotyledonous plant:
= Chloroplasts
= Cuticle
= Guardcells
= Stomata
= Upperandlower epidermis
= Palisade mesophyll
= Spongy mesophyll
= Airspaces
= Vascularbundles (xylem and phloem)
Structure of Leaf Diagram
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[upPer EPIDERMS .

EPIDERMIS

PALISADE
MESOPHYLL
TISSUE

CHLOROPLAST s

SPONGY
MESOPHYLL

VASCULAR BUNDLE
(XYLEM + PHLOEM)

TISSUE
LOWER
EPIDERMIS

GUARD CELL
WITH CHLOROPLASTS

THIS IS WHAT WE TYPICALLY
THINK OF WHEN WE THINK OF
A PLANT CELL, BUT IT'S JUST
ONE OF THE TYPES OF CELL
FOUND IN A LEAF

MADE FROM
PALISADE MESOPHYLL
CGELELES

#)save myexams
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Diagram showing the transverse section of a leaf

Drawing a plan diagram

= Plandiagrams are drawings made from micrographs or from viewing specimens under a low
magnification
= Keep the following in mind when drawing a plan diagram:

Noindividual cells are drawn, only tissue layers enclosed by lines should be present
Pay attention to the distribution of tissue throughout the plant organ
Use a sharp pencil and draw clear, continuous lines
Do not shade any part of your drawing
Make sure your proportions and observations are accurate

= Draw whatyou actually see, not what you would expect to see from a textbook
Draw your drawing big enough to fill up at least half the available space

= Whenlabelling your plan diagram remember to:

Use arulerto draw labellines, not freehand

Avoid using arrowheads and make sure the label lines stop at the structure
Make sure label lines do not cross each other

Write all labels horizontally, not at different angles
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@ Worked example

The following micrograph shows a transverse section of a dicotyledonous leaf.

Draw alabelled plan diagram of this micrograph.

By Berkshire Community College Bioscience Image Library, Public domain, Wikimedia

Answer:

cuticle
/upper
—_epidermis

| palisade
\ | mesophyll
phloem/b @ e @

xylem

spongy
— mesophyll

i o Lox.aver .
epidermis

guard cells
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Determining Stomatal Density: Skills /

Your notes

Determining Stomatal Density

= The density of stomata (the number of stomata perunit of area) can be auseful measurement to
biologists
= Toassess the plant's likely response to a dry spell of weather
= To predictits behaviourin windy or wet climates if the plant was being moved for agricultural /
horticultural reasons
= Thistechnique can be used to assess how stomatal density varies from species to species

Apparatus

= Aplanttosample aleaf from

= Clearnail varnish (ideally solvent based)

= Sellotape

= Microscope

= Microscope slides

= Stage micrometer

= Counting device (clicker/ phone app etc.)
= Calculator

Method

= Selectaleaf fromalive plant and cut it off the plant
= Geraniums and spider plants make good subjects for this experiment
= Placetheleaf upside down onaflat surface such as a tile or worktop
= Paint clear nail varnish onto the underside of the leaf
= Wait for the nail varnish to dry (approx. 5 minutes)
= Peel off the layer of varnish using sellotape
= Discardtheleaf
= Thelayer of varnish now forms aleaf cast
= Place the dried varnishimpression on a microscope slide
= Acoverslip is notrequired as thisisn't a biological sample, just animpression of one
= Adrop of wateris notrequired either, solong as the sample is laid flat on the slide
= Use the usual steps to focus on the sample (you canread about thisin our revision note on microscope
skills)
= Adjust the zoom such that a countable number of stomata are visible in the field of view
= Between15and100isideal
= Evenif astomais partially visible at the edge, stillcountitas
= Countthe stomatain that field of view
= You may wish to use a clicker or phone app so you don'tlose count!
= Move the field of view to another area of the nail varnish layer and repeat
= Countatleast 3 separate fields of view and take a mean value
= Repeatreadings allow you to eliminate anomalous results and calculate areliable mean
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Measurements to take /

= Use astage micrometer to measure the diameter of the field of view Your notes
= This has to be at the same magnification power that you used when counting the stomata
= The stage micrometer will be calibrated in micrometers
= Atypical microscope allows the scientist to look at a field of view of about 0.5 mm diameter when
on full power (x 400)
= Youwillhave calculated a mean number of stomata per field of view from the previous stage
= Youcanread aboutusing a stage micrometerin ourrevision notes on microscope skills
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@ Worked example

A study reveals amean count of 16 stomata per field of view at a magnification of x 400. The stage
micrometer calculates the diameter of the field of view at a magnification of x 400 to be 0.46mm

Calculate the stomatal density based on these data. Give units in stomata per mm?

Use avalue of 1 = 3.14 and give your answer to the nearest whole number of stomata.

SCALE OF STAGE
MICROMETER

DIAMETER = 0.46mm

[F[=ILID) [2fF
VIEW
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COUNT =16 STOMATA IN THIS FIELD OF VIEW

FIELD OF VIEW, x400
MAGNIFICATION

Answer:
Step 1: Calculate the radius of the field of view

Radius = Diameter+2

Radius=0.46mm+2=0.23mm

Step 2: Calculate the area of the field of view

Area=Tur? =1 x 0.232

Area=0.1662 mm?2
Step 3: Divide the mean number of stomata by the area of the field of view to calculate density
Density =16 + 0.1662 = 96.27 stomata per mm?

Step 4: Round to the required precision (nearest whole number)

Density = 96 stomata per mm?
Limitations
= Not all plant species have easily accessible stomata that create a strong imprint
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= Solvent-based nail varnish can destroy some of the cell structure it comesinto contact with ,
= Does the plant grow more stomata (guard cells) according to the conditions in each individual habitat?
= Water-based nail varnish is safer to use but dries more slowly Your notes

NOS: Reliability of quantitative datais increased by repeating measurements

= Reliability refers to the level of trust that we can place in numerical measurements
= These types of measurements are known as quantitative data
= Repeating the stomatal count for the same species of leaf under the same conditions willincrease the
reliability of the results
= |tisvery possible that the data gathered during a single count could contain errors that we may not
be aware of
= Takingrepeated measurements will identify anomalous measurements and allow us to calculate a
mean
= Anomalous measurements are those that deviate from the expected measurements
= Anomalies are omitted when calculating the mean for a data set
= [frepeated stomatal counts deliver similarresults, the datais said to be reliable
= \We cantherefore place a higherlevel of trust in the data than what would have been possible if we
got very different results with every count
= Repeating measurementsis a crucial step in gathering data during a scientific investigation

O Examiner Tip

Anomalous results are sometimes referred to a outliers.
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