A novel approach to
photosynthesis
practicals

Debbie Eldridge

Traditional practical work on photosynthesis is rarely stimulating.
The use of immobilised algae in hydrogencarbonate incicator is
suggested as an accessibie and enjoyable alternative at 2y

stage 4,

Traditional schoo! ccience experiments on
photosyntheszis focus on starch tests, usvally in
Felargonivm. Classic practicals largely cake the form
al demonstretions, The presence of starch is
considered proof of photasynthetic activiey, and a
saries of conirolled experiments cun be sel up whens
vie viruble s sxcluded to demonstrete the esacatizl
reqquirements for this process. Barker and Carr {1984
showed that many stdeats did not wnderstand e
starch test. Studenls are distracked by the complex
rnechinics involved in atarch testing and do nac link
starei production with the phnwsynthetic proeess: As
an exampe, one student Mol hat wlen vod e susd
chlorophy 1] were mixed oeeter diey peoducad starch,
Kinchin (20K aso crincises the dea of starch
production vs prood of photosynthesis because of the
miny examples that scem to contlict with the idea

ASSTRACT

The 1opic of photosynthasis is rarely greeted with
enthuziasm by siudenls, Thes complex process
fequires a matura understanding of many
abstract scientific ideas and [t is not casy to

w dlustrats in a practical way. In order to try to

% change students' atitudes to photosynihesis, a
mew practical procedure is proposed or kay
stage 4. Kinvelves the immebi isation of zlgae
& and measdrement of the colour changes that
¢ take place as the algas use up carbon dicxide
5 [rom hydrogencarbonate indicator. All siudents
invalved in achool trials were able 10 abtain
rediable data. Overall impressions of studant

g mmivation towards this actwity were

T CneduTaging.

tha starch production is dependent cn lighr. He makes
the poinc that studencs know that a polaie sonlans
search bt abso that a patane is paoduced o Llhe darck
and withows the aged for chilenophyll.

Svme oiker problems of these practical activities
arize because students do net undzaratand the concept
of o conmollad experiment. The eemaoval of cakon
diogide froon e aw suiouding & pland vonoot be
sy annd therelome dues Lile w promaoee the idea of it
betng an essential requircment for phatasynthesis.
Eircn and Sgavy (19593} have suggested rlar thare 13
insufficient emphasis oo the basie chemiziry of the
process. Students cannel make e link belveen the
carbon [rom carbon divxide in the air and the cathon
present in carbohyvdrates. 'I'o Cate there is licle
practiczl work that can be done o revitoree this,

Other cxperimental work may Tocus an the
pacdugiion of vaypen ws o product ol photue yoilssts,
Oiveen svolution by Elodes and other aguelic planis
can b used vy prool of photosvothesis, and if the
oxvaen is collected the rate can be daternzined ander
different crmditinns. Such experivents, ofien wsed for
nvestigations at kev slage 4, can pooduce poud dala
Dot they are notoriowsly difficull w complels vo o
rermdar buyas, Adtaoush they may samée a “unction in
terms of azsessment, they do litle to impresve soudenc
understanding of the whols process,

Plaur suteaeaon Jas always been wn area of student
rsconcepton (Daver er al.. 1993, Students come
Lo science with some deeply entrenched ideas, and
the mead for srudents to restrucTurs therr “wording'
knowledge of plant ouleition as they develop higher
level voncepls s widely accepled, Much of the necent
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MNovel appmach 1o photosynthesis practicals

woikk involved in trving w help studenls overcornes
their difficultiss his besn based an challenging them
tn construct theorcoeal models or become mvolved
in confrontarional sxchanges with others to help
clanfy Cyeir ideas (Lurope and Staver, 1995, Kinchin,
20X

While this is verny important, thers is also 8 need
o molivale students 1o this area of bhiolagy,
Fhotosynehesis 15 such a central scientific wea thal
appears throughowr the MNational Curricolum. IF
eachers are not carefol, studentz may foel chat they
dre repealiog e same (opic several tones, Experience
shows that b the tme that students get 1o key stoge 4
they may he very ‘tumed off” plants, znd thers i= a
need [ ingrecuce something stimuolaging te challenge
thean, One woy of keeping rtheir inferest is ro provide
themn with w nove] practical procedure,

This article descrnibes such o proceders whach,
while demending, allows students to develop new
skills and use apparatus that they may nol duve mel
hefoez, Tr sugpests the use of immohilised green algae
a5 phorosynrhetic arganizms which arc casy to

maripulate, Students may then Jeterimune the rate of

cethon dioxide absorption by the alpue wsing
hydrogencerhonate indicator und a colonmeler or
color szale, Tn addition, the impartance of carbon
divxide sz a requiremsal for photasyathesis is
cmphasized in en implicit sy, ws stadenis are in efTect
taking measurcments of dowr much zarbon dicwide iz
taken wp by the algae, which canscs the change in the
celour af the wdicatar, A magor aim of this work was
ter ke the topic of pholosynithesis moze mieresting
from o pructicel viewpoint.

A healthy culture of  Scenedesmus .:?uf.'u'r.‘tum.!'-r.' (0T
ocher fast-growing green algae) is needed norder W
carry ot the practical. The starter culture vsed here
was ohtained from Sciento (see Agyprzevatiag] and the
culiuee itially grown o for four weeks in order to
supply encush material for saveral classes of pupils.
The culture wus maintuinsd using an enricheeenl
rresdivim [oc Appasanie) ina 2 lire olear plastic botle.
Incoeder o allow carculation and acration with carbon
digside, a L1 pump was used, A [3 mm diamerer
nlastic pipe, just shomer tan the total heighl of the
otrle, was inserted inty the neck of the botte. The
pipe had stoall Teles an che Borenm gl ane just above
the waler surfuce. An wir lead withoot o dileser was
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pushzd down 1o the base of the pips und the 2l pump
flow adjusted to give 2 small amount of splashing ac
the wp surface, The pump works Dy decreasing the
density of the column of wuler (o the Dipe, CLesing i
to rize, which then drawes weater in at the base resulong
I a gentls cirenlaton = see Figues [aand b, The bodgle
wins Ulumnated under o [eerescent Lighl bk aod
the temperature was kept at hetween 18 and 20 *C.
Acfter ahout four weeks a dark green "pea soup” eolour
was obfained, From this i was very 2asy (0 maintain
the culare by subculturnyg inte Tesh mediom, Tois
nob vitil that the cullure rTEmaings pure, s any ds
ccllular green algac are suitaklz for these
investigations. However, it iz impontant w subealture
while the algae are in the exponential growth phase.

The alwae weed w be mcoobilsed; o eflect, This rw=is
trapping larpe numbers of alxal cells in ‘jelly Like'
balls so that they cen be kepd in one place, The sodinm
alginate is not harmful and the algus cun photo-
synrhesise and reproduce within the balls for several
weeks, Tlue meaas that stedenrs can make the algal
balls tn ooz lesson and then use them inmediately or
store thens for use 1o future lessons.

Method

B A% solution of sodivm algnule 1s prepared, This |

necds be dissolved alovwly wsing o wurm hotplote,
and it takes several hours ta mix fully. Once
prepared it lases for several days in 4 fridge as
loaig a8 10 35 covered i prevent contamination. It
ws Found expenimemadly that Jifferent wands of
sodium wlginate have different consislences when
made up. Sodium alginate from Philip Harms and
BIDH are recommended,

B A concentratsd soluioen of algae 13 abraimned — the
best vy of dotng this is 1o pour oul approsiaaiely
LX) em? of durk green alzul “soup’ inlo 4 rmeasur-
ing cvlinder and leave it for 20 minutes setile oul.
The supernatant i poured oF and the last 5 om®
collected, This is added w appeoximately 5 om?
of the sleinate, The resuling muxoue showld Le
dark graen. [f time i short or the alges remain in
suspension and don’c setéle out, as with smaller
algae such as Chiorellu, a dack green pellct can
be obluined by centrfuging the culiuce geatly and
decanuing off the supemalanl (5 minues gl S0
e is surficient).

B A 2om’ syenge, with the plunger zmoved, i3
secursd in o clump stand at a height of
approximagely 10 cm above 4 heaker contzining
2% caleiwm chloride. The mixtues iz poured o
the syrnge so thul the el containing alges drops
through alowly into the celeium chloride and
forms small spheres. The calciwm calovide 1s
swirled peatdy as the balls form, After 10 minues
the alzul bulls are washed thoroughly o distilled
witer. This makes about 100 wlpal balls.

Towe algal balls are oow repdy for experinraneation and
will be active for several weeks, a5 lony s they ame
kept in o light room and not allowed to dry out. The
advantage of using algal balls is that it is very casy to
standardise the amount of photeevnthetic tissue inany
experiment, The balls are wniform in sire and
chlomephyll concentration 25 long a5 they are from
the some batch, This mesns it securals replication
of anv experiment 1= possible.

O e b i P e
Ihyd-vprsncarbonate midicator 15 commanly used o
detect chunges in pH. 1L is exiremely sensiive and
can therefore he used in a precise way 6 determins
the= level af carhon dinxide in 2 solution. [t is non-
toaie, meadily avadlable for purchase {see Afparane)
or con be made eesily inthe ooratory, Tlos mdicatar
oun be usesd W help mewsure B rale of photosyndiesis,
When the indicator is equilibrated with o rmosphecic
air it is orangefred. With more carbon dinxice 1
begommes vellow, and as carhon dioxide is remoed it
becomes mome red and finally purple,

10w stamdan] pwenleer ol alual balls arc placed ina
standard volume of hydropencurbonate wodicator and
placed near o a light source, they will Lake up the
carhon dinkide as the algee photosynthesise, The
indicator will change feom arange thecugh red to
purpie. The rate ol whoel te alpas 1emov: the carbon
dioxide ebviowsly depends ot a number of factors
but noticeable colour chunges cun be ax (381 a5, 15
minuees in a sealed vial vsing 20 dark green algal balls
i approximately 7 om® indicator, under hright lighe
(130 W halowren Lonps which are Ieestaal g can he
purchased from hardwoere stores for less thar £10
Thege were found to be most effective 1 these
EAPTIAENS, )
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Figura 2 Graph to show the abaorbance st 550 nm
of pH butfers ranging from 7.6 1o 8.2 with addad
hydregencaranale indicalor.

Changes in the colowr of the indicater ure clearly
vigible and can be quaniilied using a coloriawier, A
green fller (330 nm) is used fo measure Lhe
ahsnrhenee of the indicaror bacause the runge of
coloury produced all absorb green light, The
absorbance of the indicator increases ax the pH
increascs. 3lnphe confirmarzon of dus was exlablished
by preparing o range of bulfers of pH 7692 10 which
Lhe incicator was added. T'he absorbance of eash was
measured and plotted against pH, showing a linsar
pesponss aver the range of inlerest (Figure 20,

Acreally ercellent colorimeter, which is vory eagy
for key stupe 4 students to uue. is the COTSI0 from
Biochrom (see Apparatur). This has a digial resd-
aut, and is very robust and relioble,

1 Is there a relationship between light
intensity and rate of photosynthes|s?

Inw each of twelve small, clean, glass wiale with
plustic lids werz placed 135 algal halls, alesg with

Table 1 Absorbarce values, taxen at 550 nm, of hydregencarbonate indicatar, each cartaining 15 alcal balls

at ﬁve distances from o 153 W light source, and irt the dark, at verous time intervas.

) Fi"ﬁ.iarﬁ-'@'.lr_;.'.'iz ""I"T.'-EI mran-'a.'
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Figure 3 The colours of replicate 1 after 180 minuies. The vials are amanged in the sequence, from aft ta

rigitt, of greatast to least illuminaticn,

T o ol hvdrmoeencarbonate indicator which had besn
eguilibraced with the atmosphere, Ten of the sealed
glasa vials wers placed at fve diflers=nt distances from
a stronvg turlgslen lunp (1530 W light source), teo at
2ach posiuon, with a Mattensd glass tank filled with
willsr belween the lamp and the vials o act as a
thermal insulator. Two vials were placed i fhe dark,
A visible change was first noticeable alter 30 minules,

After Al minuees e bidicator was removed [rem
cae closest vial and poursd ol a clean cuvetee. The
absorbance was measured with a colorimerer using a
Enght green filter (330 nm). The indicator was placed
kack into the wial, e ld pul back and it was

Absarkanze a: 550 nm
10 " D ]
08 | e

a8
aF

ng | g |

3.5

P GRS ERS O Sk i

IJE--I '. sl e

o0
0.n 0.5 1.0 1.5 2.0

Rslativa light intensity 1:0°

Figura 4 Graph ta show the absorbance (&t 550
am) of ingicater fram six vials over a range of light
qtansities. Light imensiny was 8 relativa
Teasaraement caloulated as 1/[distance)®,

repositiened in the cxperiment. Thiz was repeared with:
the other vials and mcasuezments raken again alter
L2 minutes and TR0 minutes,

Resulis

Gee Table 1 und Figare 3 1f & graph is ploed with
relative light intensicy (estimated az Lidizstance’®)
sruinyl whsothance, then a elassic phorcsynthen
curve is obtained (see Figures 43,

Analysis

The gruph sbows that as light intensity increases, the
rele of photosynthesis increases, Thers s o
proporticnal exlationship ar few light intens:tes, but
the araph levels ofl al highsar light inrcnsities
sugpesling thet thers is another limiting facomy.

In this instance the waork prompied another
invercgacion to find oul whist the hmiting foctor might
=2, T was decided that carbon dioxide was unlikely
(o be fnutng since the hydrogencerbonate ions
present in the indicator were at a concencratinn far in
sacess of what is normally available, Ir was decided
to investigace the effect of inemeasing the rumber of
algal cells in each bach of wleal balls,

2 Investigatlon Inte efects of light
intensity on rate of phatesynthesls [n
batches of algal balls with differant
humbers of algal cells

A large container of algal voliure was shaken
theowoughly to s il Ine three measuring cylinders,
S04 ey, 250 em’ und 100 cm? of algal sofution wers
puured. e solution was allowsed 1o serthe for e same
periad of time and then all but the [noul § cm' wers
decamed off, The [inal 3 ¢m’ from such cylinder was
idded to the eyual volumes {5 cm®) of alginate, Thus
Lthe mmaining solutinns comtained decreasing hromunts
ctalgac, The resulting algal balls are shown in Figure
3.

Sohool Science Reves, March 2004, B5312) 41
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Figure 5 Algal balls made fram theae diffarant veiurmas of algal suspension.

Filteen vials were then each rinsed with hvdrogen-
curbonute indicator und 7 om® fresh, equiiihrated
indizator added to each. To such o [ve of the vials,
I3 algal halls with a high concentration of nlgae were
addesd, This was repeated with the mediom and low

concentration: of alzae, Thee vials (containing balls
of each alpul concentration) were placed at different
diztances from the light source. The tesulls are shown
in Table T and Figure 6.

Table 2 Abscrbance values at S50 nm far algal balls made with thres differsnt concentrazions of algas, at

diffarent distances iram a light soures.

Vidume of sulure psed SO0 o 250 g 1000 L S
o maka algal balisicm® o :
Distanca from Aelatve gl intensily Abgorbance of indicatcr &t 550 nri'_r '
BOUCEGM IOF (= 10 9) .
250 1.6 .85 .21 0.76
350 .81 C.7E 0.7e 0.67
00 0.4 053 1T -
720 016 £.4% 0.an- _ 0ar - _
1250 0.0E 0,26 '

‘2§ - D25
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Absarbance b 520 nm
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Figura & Graph to skow the sbsorbanca (at 550
ner) in ralatan e light intansty o Balle mada ol
three diflierent conceniratons of algal cells,

Analysis
As belore, the sensral relatonship berwsen laht
intensity and rate of photosynthesiz can be ohserved.
Therz is a stecp incrcase initially as light intenaity is
wcreased amd a Dauewing of e corve wher saturation
accurs. Addmionally, bowever, these data show that
Lhe suturzition poant migzht be mesed by increasing olher
factors.

In this casz, with an increasing number of algal
cells there is a greater availabilitr of chiorophyll and
an increasing concentraticn of photosyntheric

enzymes, Thesa graphs should be Barmaliac enonah for -

students w recopnise the clossic shape thal illusieaces
the principle of limiting fuctors. While they should
see that the cate of phoosynthesis is higher with more

algrue, they should alse be able to se= that it 15 not in
proporsion to the increase in numhber nf algac —
therefor: somerhing els2 must be lindting i rate,

Motes

@ Tfaccess toacolorimerer i oot possible, then the
calour chanpe can be semi-gquantiflisd By comn-
puring the indicutor to u series of coloursd buffered
solutions. Sodutions rangicg Som pH 7.6 to 9.2
can b2 made up wsing boraxbaric acid toffers. If
9 cemt of each buifer solotion is placed mioo a vial
of the sume dimensions as lhat veed io the
experiment and 1 cm? of corcentrated hydrogen-
carhonare indicator 1= edd=d o this just prior to
the lezson, a lovely sprend of colours is obtained
wirh which smidenrs can then compare cheir regalis
(Frgues 7}

B Suandard 4w or 80 W berch lamps thal ace used
in schools are not bright s=nough for these
investigatinns —they do not crcate alarge enough
gradicnr inlight intensity, pardeularly when there
i3 ofien extaneows iwmination frem the labf
culside, e, 1530 W mwingsten or 150 % haiceen
lumps were found (0 be elfective. Low enenxy
bulby ere not useful becauss they are veoy selective
in the wavelengths of light produced. Portable
Liialurseegs Laneaprs winn b boug 1ot Frosne Liodveaes stores
o u very reasonable orice, bul they do xet bot 20
heat tilt=rs are essenbial,

N Safety

There are no hocards assucisied with any of the
chemicals used in thess practicals. I teachess punchass
130%W halogen lamps they would be advised 2o obgain
the poerale Tamps, as thes2 have a swand and handlz
wluch 15 separate froom fhe body of the lamp. Smdents
should oo, Iovk directly at e Lonps and oot pick
them up or twuch them immedisiely afler cse. The
lamps should not be Lett near combustible muterial.

Figure 7 Buffer selutions ranging from pH 7.6 to 5.2 (atintervals of 0.2, & om® of eack buffer solution was
mixed with 1 cm? of stock hydregencarbonate indicatar.

School Soisrca Review, Masch 2004, 85312 43
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HNaotes an other investigations which
have been trialled

[# Isthere a relationship hetween light intensity
and rate of photosvnthesis? This can be
investigatsd by vurving the distance from a tamp
as described aheve or hy nsing nentral stop filers
froan a pliiozmaphae shop. Il s best 1o work 1na
dockensd room.

Is the rate of photosynthesis infvenced by the
warelenglh of light? Colowred filizes con be
obtained from phategraphic shops, which can be
wrapped around the visls, Be aware that different
light sonrges produce different wavelangths of
hzht anyway, The [liers can B2 purchased with
details of their transmission properties and
soedents can wse these o interpret their resuls,

B Does the size of algal ball affect the rate of
pholusymihesis? It 15 possible to make aleal balls
of diflerent sizes — 5o students can by kesping
the mass the same buc varying the number, Draes
the ratio of switace area to wolwmea hawve an ctfioot?
Tiny balls can be made willi & ouscopipeds, and
lurprer ones by runmings the alpinate through widse-
bhore plastic tubing.

B Does temperalure influence rate of photo-
synthesis? 1115 difficull w keep the indicalur
and balls af a specific temperaturs, hutone possib-
iliry is roset up water baths under fluorescent light

bunks, Condensalion builds op in the vials as they

warm up end this may reduce the available light

B8 [oesthe mamber ofalgal cells influence the rate
of photosyvathesis? Al a sanple leve] the more
alpial balle wou use. the greater the rate of
photosynthesis. This is a simple investralon bul
vory straightforward for less able students.
Alrernatvely sidents can make severzl batches
of balls with dillerenl concentrations of algae as
in Lhe example above, Some studenls wothe wals
potually quantified the concentration of cells with
the colarimeter betorz chey started.

The preliminary trials of these investipations,
cnmpleted in achoals during summer 2002, have been
vENY ENCouraging, As long as the algac are healthy
and measonably concentcated e resulls ae relialle
and repeatable. C1F the sloae starl W clemp legedher
and settle out despite acration it suggests

44 school Sciance Feview, March 2004, 85(312!
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contamination. Although they still photosynthesize i
1z moze difficult o ger an even distribution of dee algae
in the balls i they are i this state. It is advizable to
suhculture the algae at four-weck incervals o maincain
a healthy enleace ) ALl stodents were able (o vepemte
lots of dala yet there was encugh wariation in the
results to give em scope 1o discuss and >valoale.
The wials madivals et studes eojoy makiong e algpal
balls und indesd aflen wanl w ake them hooe with
them. Beware, thay muy Just want to <ocp making
mcee and more, leaving less time for the imvesnigatory
weirk!

Students do need W be aware of the sensiovite of
the indicator, hecauses if vials or covettes arc used that
are not cican, this can nfluence the colowr of che
soluiicn. It s alwivys best 10 rinse ool ontalners with
a linle of the indicotor belorehand,

The voluur changes are atlnctive aod e use of
the simpls colorimeler mekes Lhe resully saxily
Juantitiable — this is essential for key stage 4
coursework. [ aleo inenduces students v a different
picer of gpparatus, which they kave o learn 0 03
and widerslaond, The best students will soon becormne
avware of the precautivns Uit ure nesded for relable
daty, giving scope for assessment by the teacher

Imitiad evidence [rom the schaools imals sugpests thac
Lthe visual representotivn of curbun divxide upluke by
the elgue helped @ reinforcs that carhon diceide is a
raw matcrial for photosynthesizs. The studects who
wanted to take the algal balls home with them added
4 small smount of indivater 1o the sealsd centaner
unil kepl oo @ windewsill, Stadeols were aware of
the algae living and cuusing  colour changs over o
2a-howar period. They couwld refate this wothe Dresznos
af light, carbon dioxide (which they had come o
dxseciale zirongly with the dicatad) and waler, The
riwls were completed with o proup of 17 year &
students with 3AT scores tanging from level f Lo level
#. The intention is to track theose stodents over the
next twa vears, during which time they will eomplete
an vpea-ended investigation based on photosyrthesis
inwleae. The accoracy of theldr resporses weter with
an assessment of their motivation towards the opic
of phatosyrthesis will be compared to a contral group
of the surme abiiy whi have nol experienced s
activicy.

Mo one invalved in science education can he
voaware of the impartance of photogyothesis, As 3
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Aroess it reguires an understanding of ey concepls
which are more oflen wisociated with physical science
topics at key stage 3. Students noed o anderstand che
conces of energy, conservainon of matier and the
cviling of materials — w name but a few! These
conceptusl difficulties may be resolved by getring
studants o discnss opposing views and consiroc

concepl maps bul one hay o assome thal there iz the
mativacion ta da 5o, DEpanding practical werk,
which is relevant and aceessible, can go & long way
townrds increaging the cnjovment and sense of
achizvement of students, and peihaps pive them new
incencive 1o pel Lo grips with the finer decai?
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Apparatus

B Scicota, &l Bury 014 Eoad, Whileleld, Blanchesier, M43 8T8, 0161 773 9338, Alyul enrichment medium

was purchased from Sciearo.

B The best hydrogencarhonate indicator iz abtained from Becoroft , Morthfield Road, Rotlwerhim,

5, Yorkshire 551 1RE,

B Bicchrom Lid, 22 Cambridee Science Purk, Milton Boad, Cambridge CB40F]. Telephone: (11223 433723
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