
COMPETENCE:Youshouldbeabletounderstandhow,throughoutitslife,an

organismgoesthroughchangesinsize.
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LEARNINGOUTCOMES

Youshouldbeableto;

 Distinguishbetweenthetermsgrowthanddevelopment

 Appreciatethatmitosisleadstoincreaseinsizeandweightinanimals

 Understandtheinternalandexternalstructureofaseed

 Conductexperimentsonconditionsnecessaryforseedgermination

 Identifytherolesofwater,oxygenandtemperatureintheprocessofgermination

 Identifyanddescribethetypesofseedgerminationinmonocotsanddicots



INTRODUCTION
Thereisalwaysaprogressionfromchildhoodtoadulthood.Thephysicalappearanceofanindividual

duringchildhooddiffersmuchfromwhenoneisanadult.Imaginethewayyoulookedattheageof2

yearsandnowwhenyouareanadolescent.Muchhaschanged.Thisisreflectedintermsofyour

height,weight,size.Thesechangesareirreversibleandthereforewecanusetheterm“growth”to

implythesechanges.Growthisnotconfinedtoonlyanimalsbutplantsalsoundergogrowth.Theydo

experiencetheseirreversiblechangesinsize,weightandheightcollectivelyknownasgrowth.Farmers

alwaysplantmaize,beanseedsamongothersinthegardenwhichlatersproutintoenlargedmature

plantsbearingstructuressuchasleaves,stemsandotherswhichwerenotpartoftheplantedseeds.

Thisistermedasgrowth.developmentontheotherhandisaqualitativecharacteristicwhichcan’tbe

measured.Itistheincreaseinthecomplexityofanorganism.

CONCEPTS
 Distinguishbetweengrowthanddevelopment
 Mitosisandgrowth
 Internalandexternalstructureofseed
 Experimentsonconditionsnecessaryforseedgermination
 Roleofwater,oxygenandtemperatureingerminationprocess
 Typesofseedgerminationinmonocotsanddicots



ACTIVITY

From“figure1”ofthesproutingbeanplantitisillustratedthatthebeanseedinafewdaysstartedto

sproutoutofthesoil.Somechangesarenoticeableintheadvancementoftheplantedseedintoa

maturebeanplant

 Canyouidentifyatleastfourexamplesofsuchchangesfromfigure1

 Arethesechangesreversibleorirreversible?

 Arethechangesmeasurableorcan’tbemeasured?

 Cansuchchangesoccurinbothlivingandnonlivingthings?

 Cansuchchangesidentifiedabovebeclassifiedasgrowthordevelopment?

 Suggestanytworeasonsforyourclassificationabove.

 Whataresomeofthefactorswhichmayaffecttheidentifiedchanges?

Howeverinfigure2,itisevidentthatthischildhasreachedacertainstageofmaturityandhehas

startedtogainaparticularability.

 Lookingkeenly,whatisthatabilitygainedbythechild?

 Cansuchabilitybequantifiedoritisqualitative?

 Isitconclusivethatthisisdevelopment?

NOTES:

FIGURE2FIGURE2
FIGURE1FIGURE1



Fromtheaboveactivityitisevidentthatgrowthisapermanentirreversibleincreaseinsize,heightor

weightofanorganismwhiledevelopmentisincreaseinthecomplexityofanorganism.

Growthcanbemeasuredforexampleheightasanelementofgrowthismeasurable“4cm,6cm,10cm,

etc”however,developmentisonlyqualitativeandnotmeasuredforexample“theabilityofthebaby

totransformfromcrawlingtowalking”isnotameasurablefeaturebutratherqualitative.

Growthisaffectedbycertainfactors.Thesecontrolgrowthandinclude
A:externalfactors

 Availabilityofnutrients
 Temperature
 PH

 Water
 Oxygen
 Lightintensity

B:internalfactors
 Hormones  Genetical/genefactors

EXERCISE

1.Summarizethemajordifferencesbetweengrowthanddevelopment

2.Classifythefollowingaseitherexamplesofgrowthordevelopment

A12yearoldboyafterfollowingthesamedietfor

oneyeargained3kginweight

Atreeinwellwateredgardenincreasesinheight

by10cmandinwidthby1cm

Afertilizedeggofmammalgivesrisetorelatively

undifferentiatedcellsoftheembryo.



ACTIVITY

Questions:

 Brieflyoutlinethekeyeventsthatoccurineachstageofmitosisasillustratedin“figure1”above

1. Interphase

2.Prophase

3. Metaphase

FIGUREONE



4.Anaphase

5. Telophase

NOTES

Forgrowthtooccur,cellsmustincreaseinnumbersuchthattheoverallsizeofanorganismcanincreasehence

growth.Cellsincreaseinnumberbyexistingcells“parentalcells”dividingtogiverisetonewmanyothercells

“daughtercells”.Mitosisisoneoftheprocessesthatleadtogrowthbecauseitisresponsibleforcelldivision.A

numberofphasesareinvolvedinmitosis.Thefigurebelowsummarizeswhathappensinmitosis.



Importance/significanceofmitosis

Growthasitincreasesthenumberofcellsinthebody

 Basisforasexualmodeofreproduction

 Replacementofdamaged/deadcellsinthebody.Existingcellsdividebymitosistoprovideadditionalcells

ensuringthateachcellisgeneticallyidentical



EXERCISE

1. Whatistheroleofmitosisingrowth?

2.Brieflydescribethestagesinvolvedinmitosis.

ACTIVITY:

MAIZESEED



BEANSEED



Questions;

 Identifysomeoftheobservabledifferencesbetweentheseedstructures

 Aretheresomefeaturescommontoboththemaizeseedandbeanseed?

 Identifypartspresentinmaizeseedbutnotinbeanseed.

 Withareason,whichofthetwoseedstructuresrepresents

i. Mocotyledons

ii. Dicotyledons

 Fromwhichpartoftheflowerdoseedsdevelopfrom?

 Whatarethefunctionsofsomeofthelabeledparts?

NOTES:

Aseeddevelopsfromafertilizedovuleofaflower.Thereforeitisdefinedasafertilizedovule.Ithas

onescarcalledhilum.Ithasbeenclearlynotedfromthefiguresthatsomeseedshavetwocotyledons

likethatofthebeanseedwhileothershaveonlyonecotyledonsuchasthemaizegrain.

Theseedswithtwocotyledonsareclassifiedunderdicotyledons.“di”meanstwo.Thereforesuch

seedshavetwocotyledons.

Theseedswithonecotyledonareclassifiedundermonocotyledons.“Mono”meansone.Therefore

suchseedshaveonecotyledon.



Aseedconsistsofatoughcoatortestaenclosinganembryowhichismadeupofaplumule,aradical

andoneortwocotyledons.Infavorableconditions,theseedcangrowandbecomeafullyindependent

plantbearingflowersandotherstructures

Belowisanoutlineofthefunctionsofthepartsoftheseedasearlierdiscussed.

 Coleoptile:Itistheplumulesheaththatoffersprotectiontotheplumule.

 Coleorhiza:Itistheradiclesheaththatoffersprotectiontotheradicle.

 Cotyledon:Itprovidesfoodtothewholeseed.Itcontainsstoredfoodlikestarch,proteinsand

liquidsfortheinitialgrowthoftheembryoduringgermination.

 Endosperm:Storesfoodespeciallystarchfortheembryo.

 Hilum:It’sascarofattachmentleftbytheseedtothefruitwall.Itisthefeaturethatdistinguishes

seedsfromfruits.

 Micropyle:Itisanarrowopeningintotheseedthroughwhichwater,mineralsaltsandoxygen

enterduringgermination.Itisalsotheopeningthroughwhichtheradiclecomesoutoftheseed.

 Plumule:itdevelopsintotheshootofaplant.

 Radicle:Itdevelopsintoprimaryrootoftheplant.

 Testa:Itprotectstheinnerpartsoftheseedfrommechanicalinjury,heatfromtheenvironment

andfromfungalandbacterialattack.

EXERCISE

1.Thefigurebelowshowsthestructureofaseed.Studyitcarefullyandanswerthequestions

thatfollow.



i. NamethepartslabeledA,B,C,DandE

ii. WhatisthefunctionofpartslabeledAandE

2.Inthespaceprovidedbelow,makealabeleddrawingoftheinternalstructureofmaizegrain

3.Whatdistinguishesthefigureabovefromafruit?



ACTIVITY:

 Youarerequiredtocarryoutthefollowingprojectsingroupsoften

Projectone;

Apparatusneeded;

4testtubes,Cottonwool,beanseeds,OilandWater.

Procedure:

 Arrangeandlabelfourtesttubes1,2,3and4

 Totesttube1addmoistcottonwool,seedsandleavetesttubeopen.

 Totesttube2adddrycottonwool,seedsandleavetesttubeopen.

 Totesttube3addseeds,boiledcooledwaterandalayerofoil.

 Totesttube4addseeds,moistcottonwool,iceandleavetesttubeopen.

 Leavealltesttubesfor3days.

Setup

Seedswrapped

withmoist

cottonwool

Seedswrapped

withdrycotton

wool

Seedswrapped

withmoist

cottonwool

Seedswrapped

withmoist

cottonwool

Boiled

water



Questions:

 Afterthethreedays,whatobservationsyoucandrawfromeachtesttube?

 Whatarethepossibleexplanationsforyourobservationsabove?

 Whatisthesignificanceof;

i. Usingboiledwaterintesttube3

ii. Addingalayerofoilontopoftheboiledwaterintesttube3

 Whatistheeffectoficeontheresultsobtainedintesttube4?

 Whatistheuseofthecottonwool?

 Whatconclusioncanyoudrawfromtheprojectaboveonconditionsnecessaryforseed

germination

 Identifytheconditionsnecessaryforgerminationtooccur

 Suggestasuitableaim/titleoftheprojectworkabove

Projecttwo;

Apparatusneeded;

2conicalflasks,2corks,Water,Cottonwool,beanseedsandPyrogallicacid.

Procedure:

 Poursomewaterinoneconicalflaskandsomepyrogallicacidinanotherconicalflask.

 Wrapsomeseedsinwetcottonwoolandsuspendthecottonwoolintheflasksusingathread.

 Fixthethreadsusingacork.

 Leavethesetupforthreedays

Setups



Questions:

 Afterthethreedays,whatobservationscanyoudrawfromeachcornicalflaskAandB?

 Whatarethepossibleexplanationsforyourobservationsabove?

 WhatistheeffectofpyrogallicacidontheresultsobtainedincornicalflaskA?

 Whatistheuseofthecottonwool?

 Whatconclusioncanyoudrawfromtheprojectaboveonconditionsnecessaryforseed

germination

 Suggestasuitableaim/titleoftheprojectworkabove.

NOTES:

Ithasbeennotedthattheconditionsnecessaryforgerminationfromtheexperimentsaboveinclude;

 Water/moisture

 Warmth/optimumtemperature

 Oxygen/air

 Water

Seedsintesttube2werewrappedwithacottonwoolandthetubeleftopenhencesupplyingair

(oxygen).Thecottonwoolasearlierdiscussedprovideswarmth.Howeverthecottonisdryimplying

waterisnotpresent.Oxygenandwarmthwerethereforepresentbutwaterabsent.Theseeds

thereforenevergerminatedduetolackofwater.

Rolesofwaterfortheprocessofgermination



Belowaresomeimportancesofwaterduringgermination;

Itactivatestheenzymeswithintheseedtohydrolyzethestoredfood.

Itsoftenstheseedcoat/testa,swellsandburst.

Itdissolvesthestoredfood.

Itisamediuminwhichallthechemicalandenzymaticreactionsproceed.

Itisamediumoftransportofthedissolvedfoodsubstancestothedevelopingshootandrootofthe
newplant.

 Oxygen

ItshouldbenotedthatpyrogallicacidplacedincornicalflaskAin“project2”absorbsoxygen.

ThereforeseedswrappedwithawetcottonwoolandsuspendedinflaskAarenotsuppliedwithair/

oxygen.Theseseedsdidn’tgerminateafterthethreedaysthoughtheyweresuppliedwithwaterfrom

thewetcottonusedandwarmthasaresultofthecottonwool.Thisshowsthatoxygenisalsoa

necessityforseedstogerminate.

Rolesofoxygenfortheprocessgermination

Germinationisagrowthprocesswhichrequiresenergy.Thereforeoxygenisnecessaryfortheprocess

ofrespiration,theoxidationoffoodtoprovideenergyrequiredforgrowth.

 Warmth/optimumtemperature

Iceplaced“testtube4”lowersthetemperaturebeyondtheoptimumrequiredforgerminationofthe

seeds.Thereforetheseseedscouldn’tgerminate.

Roleofwarmthingermination

Suitabletemperatureisimportantfortheenzymecontrolledreactionsinthecotyledonofthe

germinatingseed.Atlowtemperatures,theenzymesareinactiveandathightemperatures,theyare

denaturedhencenogermination.Germinationwillrequireanoptimumtemperaturewhichvariesfrom

10̊ c-50̊ cformosttropicalseeds.

EXERCISE

1.Describean experimenttoshow thateach ofthefollowingconditionsisnecessaryfor

germination

i. Oxygen

ii. Warmth

iii. Optimumtemperature



2.Suggesttherolesofeachconditionabovefortheprocessofgermination

3.Brieflyoutlinethechangeswhichoccurinaseedduringgermination

ACTIVITY:



Fromthefiguresabove,usethreedescriptivewordstosummarizethetermgermination.

Fromtheobservationofthefigureforthe“monocotyledon,”

 Statingwhetherabovetheground/belowtheground,whatisthepositionofthecotyledonat

stage5?

 Whatcouldhavecausedthecotyledontoattainthepositionstatedabove?

Stage5

Stage5



 Usingeitherhypogealgermination/epigealgermination.“Hypomeansbelow,epimeansabove

andgealmeansground/earth”statethetypeofgerminationwhichoccursinmonocotyledons.

 Stateatleasttwoexamplesofplantsinwhichsuchatypeofgerminationoccurs.

Fromtheobservationoftheimageforthe“dicotyledon,”

 Statingwhether“abovetheground/belowtheground,”whatisthepositionofthecotyledonat

stage5?

 Whatcouldhavecausedthecotyledontoattainthepositionstatedabove?

 Usingeitherhypogealgermination/epigealgermination.“Hypomeansbelow,epimeansabove

andgealmeansground/earth”statethetypeofgerminationwhichoccursindicotyledons.

 Stateatleasttwoexamplesofplantsinwhichsuchatypeofgerminationoccurs

NOTES:

Germinationasnotedfromthefiguresabovecanbedefinedasthegrowthanddevelopmentofan

embryoofaseedintoaseedlingorayoungplantunderfavorableconditions.

TherearesomeGreekwordsyoumustfamiliarizeyourselfwithinordertounderstandtheconceptof

seedgerminationthatistosayhypogeal,epigeal,epicotyl,andhypocotyl.

 Hypomeansbelow

 Epimeansabove

 Gealmeansground/earth

 Cotylmeanscotyledon

 Epicotylthereforemeanspartabovecotyledon

 hypocotylthereforemeanspartbelowcotyledon

Thetypeofgerminationinwhichthecotyledonremainsbelowthegroundisthereforereferredtoas

hypogealgermination.Thisisobservedintheimageformonocotyledons.Ithasbeennotedthatforthe

cotyledontoremainbelowtheground,thepartabovethecotyledon“epicotyl”mustelongatefaster

thanthepartbelowthecotyledon“hypocotyl”suchthatitpushesitbelowtheground

Thetypeofgerminationinwhichthecotyledonisraisedabovethegroundisthereforereferredtoas

Epigealgermination.Thisisobservedintheimagefordicotyledons.Ithasbeennotedthatforthe

cotyledontoremainbelowtheground,thepartbelowthecotyledon“epicotyl”mustelongatefaster

thanthepartabovethecotyledon“hypocotyl”



EXERCISE

1.ThefiguresAandBbelowshowthedifferenttypesofgerminationinplants.Studythemand

answerthequestionsthatfollow.



a.IdentifythetypeofgerminationrepresentedbyfiguresAandB

b.Suggesttworeasonsforeachtypeofgerminationidentified

c.Brieflydescribewhathappensineachfiguretocausethetypeofgerminationidentified

2.Whatistheroleofthefollowingpartsoftheseedduringtheprocessofgermination

i. Epicotyl

ii. Hypocotyl

iii. Cotyledon

iv. Radicle



ACTIVITYOFINTERGRATION

 Fromfigureone,outlineatleastthreeconclusionsyoucandrawaboutthetypesofgermination?

 Inepigealgermination,whatcausesthecotyledontoberaisedoutofthesoil?

 Inhypogealgermination,whatcausesthecotyledonremaininthesoil?

 Withevidencefromfigure1,whatistheadvantageofepigealgerminationoverhypogeal

germination?

FIGUREONE

FIGURETWO



 Fromfigure2,notedownthreeconclusionsaboutthestructureofmonocotyledonous

seeds?

 Whatisthefunctionofeachlabeledpart?

 Canyoudifferentiatetheabovefigure2withthatofthedicotyledonousseed?

 Withsuitablereasons,suggestwhetherfigure3showsgrowthordevelopment

 Whichchangescanyounoticefromfigure3fromlefttorightofthefigurethree

 Withevidencefromfigure3,howcanyoudifferentiategrowthanddevelopment?

FIGURETHREE

FIGUREFOUR



Figures4and5showthechangesinsize(mm)ofthehumanembryofrom2weeksto35weeks.On
eachfiguretheageandsizeofthedevelopingembryoarestated.

a)Copyandcompletethefollowingtable:

Age/weeks Size/mm

00

2

5

FIGUREFIVE



8

10

20

35

b)Usethedatainyourtabletoplotagraphtoshowthechangesofsizeoftheembryowithage.
c)Arechangesinsizeoftheembryoasnotedintableabovereversibleorirreversible?
d)Statewhethertheabovechangesindicategrowthordevelopment.Justifyyouranswer.

TOPICSUMMARY

 Humans,plantsandotherlivingorganismsundergoirreversiblechangesinsize,weightand

height.Thesechangesarecollectivelycalled“growth”andtheycanbemeasured.

 Developmentisnotatermtomeangrowth.Itreferstoincreaseincomplexityofanorganism.

Developmentoccursatacertainlevelofmaturityanditisnotameasurablefactor.

 Mitosisisresponsibleforgrowth.mitosisisaformofcelldivisioninwhichaparentalcell

dividestoformdaughtercellseachgeneticallyidenticaltotheparentcell.

 Theseedisafertilizedovule.Itgerminatesanddevelopsintoafullymatureplant.Theseedis

comprisedofstructuressuchastheseedcoat(testa),hilum,cotyledon,endosperm,embryo

amongothers.

 Seedswithonecotyledonarecalledmonocotyledonousseedswhilethosewithtwocotyledons

arecalleddicotyledonousseeds

 Plantssuchasmaizeundergohypogealgerminationinwhichthecotyledonremainsbelowthe

groundwhileotherslikebeansundergoepigealgerminationinwhichthecotyledonisraisedabove

theground.

Meaningoftermsusedingermination

 Hypomeansbelow

 Epimeansabove



 Gealmeansground/earth

 Cotylmeanscotyledon

 Epicotylthereforemeanspartabovecotyledon

 hypocotylthereforemeanspartbelowcotyledon

 Hypogealgerminationoccursduetorapidelongationoftheepicotylwhileepigealgermination

occursduetorapidelongationofthehypocotyl

ENDOFTOPICASSESSMENT

1.Duringgerminationofthebroadbean,howarethefollowingpartsprotectedfromdamageasthey

areforcedthroughthesoil:

i. Theplumule

ii. Theradicle

2.Listallthepossiblepurposesforwhichagrowingseedlingmightusethefoodstoredinits

cotyledons.

3.Atwhatstageofdevelopmentisaseedlingabletostopdependingonthecotyledonsforitsfood?

4.Whatdoyouthinkaretheadvantagestoagerminatingseedofhavingitsradiclegrowingsome

timebeforetheshootstartstogrow?

5.Describethenaturalconditionsinthesoilthatwouldbemostfavorableforgermination.

i. Howcouldagardenertrytocreatetheseconditions?

6.Thediagramshowsanexperimenttoinvestigatetheconditionsneededforgermination.TubesA,



B,CandDareatroomtemperatureandtubeEisinafreezer.

i. Statethreeoftheenvironmentalconditionsthisexperimentisinvestigating.

ii. Predictinwhichtubestheseedswillgerminate.

7. Nuclearandcelldivisionhappenduringgermination.

i. Namethetypeofnucleardivisionthattakesplaceduringthegrowthofaseedling.

ii. Statehowthenumberofchromosomesineachofthenewcellscompareswiththenumberof

chromosomesintheoriginalcells.

8.Describethesignificanceoftheprocessofmitosisingrowth.

GLOSSARY

1.Celldifferentiation:Thisinvolvesspecializationofcellstosuitparticularfunctions.

2.Celldivision:Thisinvolvesincreaseinthenumberofcellsmainlyasaresultofmitosis.

3.Cellenlargement(expansion):Thisisthepermanentincreaseinthecellsizeasa

resultofuptakeofwaterorsynthesisoflivingmaterials.

4.Chromosome:Thisisathreadlikestructurefoundinacellnucleus,

5.Coleoptile:Itistheplumulesheaththatoffersprotectiontotheplumule.

6.Coleorhiza:Itistheradiclesheaththatoffersprotectiontotheradicle

7.Cotyledon:Thepartoftheseedwhichcontainsstoredfoodlikestarch,proteinsand

liquidsfortheinitialgrowthoftheembryoduringgermination

8.Development:Thisistheincreaseincomplexityofanorganism

9.Dicots:Theseareplantswithtwocotyledons



10.Endosperm:Thepartoftheseedwhichstoresfoodespeciallystarchfortheembryo

11.Epicotyl:thisisthepartabovethecotyledon

12.Epigeal:thisisthetypeofgerminationinwhichthecotyledonisraisedabovethe

ground

13.Germination:Thisisthegrowthanddevelopmentofanembryoofaseedintoa

seedlingorayoungplantunderfavorableconditions.

14.Growth:thisisthepermanentincreaseinthesizeoforganism

15.Hilium:It’sascarofattachmentleftbythestalkoftheovuletotheovarywall.Itis

usedtodistinguishaseedfromafruit.

16.Hypocotyl:thisisthepartbelowthecotyledon

17.Hypogeal:thisisthetypeofgerminationinwhichthecotyledonremainsintheground.

18.Micropyle:Itisanarrowopeningintotheseedthroughwhichwater,mineralsaltsand

oxygenenterduringgermination.

19.Mitosis:thisisthetypeofcelldivisionwheretheparentalcelldividestoformtwo

daughtercelleachwiththesamenumberofchromosomesastheparentcell

20.Monocots:theseareonecotyledonbearingplants.

21.Plumule:thisisthepartoftheseedthatdevelopsintotheshootsystem

22.Pyrogallicacid:thisisasubstancethatcanabsorboxygen

23.Radicle:thisisthepartoftheseedthatdevelopsintotherootsystem

24.Seedling:thisisayoungplant

25.Testa:thisistheoutercoveringoftheseedwhichprotectstheinternalpartsfrom

mechanicaldamage
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