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9.4.1 Flowering

Flowering & Gene Expression

The life cycle o f a �o wering plant invo lves

The vegetative phase

The part o f the life cycle during which plant gro wth takes places

A plant in the vegetative phase co nsists o f ro o ts, stems and leaves

A plant in this phase can o ften repro duce asexually

The repro ductive phase

The part o f the life cycle when �o wers  are pro duced by the sho o t apical meristems

A plant in the repro ductive phase can repro duce sexually

A �owering plant alternates between vegetative and reproductive phases
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Sexual repro ductio n invo lves two  parents  and the fusio n o f two  gametes

In o rder fo r a plant to  mo ve fro m the vegetative phase to  the repro ductive stage, meristems in the

sho o t needs to  be stimulated to  pro duce a �o wer rather than a leaf

This stimulatio n can be bro ught abo ut by changes in certain abio tic facto rs such

as temper atur e  o r nig ht leng th which alter  gene expressio n in the sho o t apical meristem

Flowering & Photoperiods

It has been sho wn that the co ntro lling facto r in �o wering is the length o f  the night

It was previo usly tho ught that day length was the co ntro lling facto r

When the night reaches a certain critical length, genes that co ntro l �o wering in the plant may be

switched o n o r o �, leading to  the activatio n o r inhibitio n o f  �o wering

Genes that are switched o n are expressed, leading to  pro ductio n o f  the po lypeptides  fo r

which they co de, while genes that are switched o � are no t expressed, so  the po lypeptides

fo r which they co de are no t pro duced

This critical length is impo rtant as it determines the quantities o f di�erent fo rms o f a pigment

called phyto chro me in the leaf

Phyt ochrome

The phyto chro me pigment exists in two  fo rms

P is the inactive f o rm o f phyto chro me, it abso rbs light fro m the red  part o f the spectrum

(wavelength 660 nm)

P is the active f o rm o f phyto chro me, it abso rbs light fro m the f ar red  part o f the spectrum

(wavelength 730 nm)

Two forms of phytochrome absorb light from di�erent parts of the spectrum.  Note that absorptance is

the ratio of the total amount of light absorbed to the total amount falling on an object
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Abso rptio n o f di�erent wavelengths o f light causes a reversible co nversio n between the P

and P  fo rms o f phyto chro me

When P  abso rbs red light  (660 nm) it  is co nverted into  P

When P  abso rbs f ar red light  (730 nm) it  is co nverted back into  P

In the absence o f  red light the unstable P  gradually co nverts back into  P

During the day levels o f P rise

Sunlight co ntains mo re wavelengths at 660 nm than 730 so  the co nversio n fro m P  to  P

o ccurs mo re rapidly in the daytime than the co nversio n fro m P to  P

During the night levels o f P rise
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Red light wavelengths are no t available in the darkness and P co nverts slo wly back to  P

PR is converted to PFR in a reversible reaction which controls �owering

Long day plant s

Lo ng day plants �o wer when the nights are sho rter than the critical length e.g in summer

When nights are sho rt, the day length is lo nger, hence the term 'lo ng day plants'

In lo ng day plants, high levels o f the active f o rm o f  phyto chro me activate �o wering

Flo wering o ccurs due to  the fo llo wing pro cess

Days are lo ng so  P is co nverted to  P at a greater rate than P is co nverted to  P

The active f o rm o f  phyto chro me, P , is present at high levels

High levels o f P activate �o wering 

P binds to  recepto rs  in the cyto plasm o f the leaf cells, activating expressio n o f the

�o wering time (FT ) gene

The active gene is transcribed and translated in the sho o t apex

The resulting pro tein binds to  a transcriptio n facto r which leads to  the expressio n o f

multiple genes  asso ciated with �o wering and co nverts the meristem fro m vegetative

to  repro ductive
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Short  day plant s

Sho rt day plants �o wer when the nights are lo nger than the critical length e.g. autumn

When nights are lo ng, the day length is sho rter, hence the term 'sho rt day plants'

In sho rt day plants, high levels o f the active f o rm o f  phyto chro me inhibit �o wering

No te that this is the o ppo site e�ect  to  that o f high levels o f P  in lo ng day plants

Flo wering o ccurs due to  the fo llo wing pro cess

P inhibits �o wering in sho rt day plants when it is present at high eno ugh levels

P binds to  recepto rs  in the cyto plasm o f the leaf cells and inhibits transcriptio n and

translatio n o f the �o wering time (FT ) gene

Lo ng nights lead to  lo w levels o f  P due to  the slo w co nversio n o f P back into  P  in the

absence o f red light
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When P levels are lo w, there is no  inhibitio n o f  �o wering as the FT  gene  can be transcribed

and translated

The resulting pro tein binds to  a transcriptio n f acto r which leads to  the expressio n o f

multiple genes  asso ciated with �o wering and co nverts the meristem fro m vegetative to

repro ductive

Long day plants �ower when PFR levels are high and short day plants �ower when PFR levels are low.

Exam T ip

Plants can be co nfusing as plant substances do n't always have a co nsistent e�ect o n plant

gro wth! Here yo u need to  remember that a high level o f P  activates �o wering in lo ng day

plants, and inhibits �o wering in sho rt day plants.

F R 
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Inducing Flowering Out of Season

No rmal �o wering times in plants require the critical dark perio d to  be uninterrupted

So metimes it might be necessary to  induce �o wering at times when plants wo uld no rmally be in

their vegetative state

Fo r example, gro wers o f �o wers which are so ld as cut �o wers can pro vide �o wers o ut o f

seaso n thro ugh manipulatio n o f night length

Flo wering in sho rt day plants  can be induced during the lo nger day seaso n, such as during the

summer, by pro viding a lo nger dark perio d  e.g. by co vering plants up

Flo wering in lo ng day plants  can be induced during the winter mo nths when days are sho rt, by

pro viding perio ds o f  light  during the night time

Long-day plants can be induced to �ower out of season through providing additional light
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9.4.2 Plant Reproduction

Mutualism Between Flowers & Pollinators

Sexual repro ductio n in plants requires the transf er o f  po llen between �o wers

Metho ds o f po llen transfer can include:

Wind

Animals

Water

Mo st �o wering plants use mutualistic relatio nships  with animal po llinato rs  in sexual

repro ductio n

The po llinato r visits the �o wer to  o btain fo o d, o ften in the fo rm o f nectar, fro m the plant

Po llinating animals can be insects, birds, o r small mammals such as bats

Po llen sticks  to  the bo dy o f the animal and is subsequently transf erred to  the �o wers o f

the next plant  visited by the po llinato r

It is a mutualistic  relatio nship because bo th o rganisms gain a bene�t during the pro cess

Mutualism is a type o f symbio tic relatio nship

Mutualism relies o n repeated interactio ns, so metimes between o ne species and several

o thers

An example is a bee that will visit, feed o n the nectar fro m and po llinate many species

o f �o wer

Symbio sis relies o n two  species remaining in partnership exclusively to  each o ther
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Pollination, Fertilisation & Seed Dispersal

Int roduct ion t o Flower St ruct ure

The develo pment o f �o wers o ccurs in the repro ductive stage  o f the plant life cycle

Flo wers co ntain all the necessary o rgans and tissues required fo r sexual repro ductio n by

po llinatio n

Key structures o f the �o wer include

The anther - where the male gamete, po llen, is fo und

The stigma - part o f the female repro ductive o rgan which receives the po llen

The o vary - where the female gametes are lo cated

Animal po llinated �o wers have structures that attract po llinato rs and aid the pro cess o f

po llinatio n

Pollinat ion and Fert ilisat ion

Po llinatio n is the pro cess o f transferring po llen fro m the anther o f o ne �o wer to  the stigma o f

ano ther

Self  po llinatio n can o ccur in so me species when po llen is transferred between di�erent

�o wers o n the same plant, o r even fro m anther to  stigma within the same �o wer
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After po llinatio n has o ccurred, a po llen tube  gro ws fro m the po llen grain do wn the style  to  the

o vary  o f the plant

The male nuclei travel do wn the po llen tube to  the female o vule

Two  male nuclei travel do wn the po llen tube to  the o vule; o ne will fuse with an o vule nucleus

to  fo rm the z ygo te while the o ther will go  o n the fo rm the plant embryo 's fo o d sto re

Fertilisatio n o ccurs when the haplo id  male and female nuclei fuse and a diplo id z ygo te  is

fo rmed

After fertilisatio n, the o vule  beco mes a seed  and the o vary  develo ps into  the f ruit

After pollination the haploid male and female nuclei can fuse in fertilisation to make a diploid zygote

Seed Dispersal

Seed dispersal is then required in o rder to  distribute the seeds away fro m the parent plant and

reduce co mpetitio n between the o �spring and the parent plant

Metho ds o f seed dispersal include

Wind o r water

Parachute o r wing shaped lightweight seeds will travel o n the wind o r �o at in water

Animals

Fleshy fruit is eaten by animals and seeds distributed thro ugh egestio n 

Sticky o r ho o ked seeds catch o n to  the fur o r feathers o f passing animals

Explo sio ns
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So me po ds explo de pro pelling the seeds away fro m the parent plant

Exam T ip

Be careful no t to  mix up po llinatio n and seed dispersal; po llinatio n is the transf er o f  po llen f ro m

anther to  stigma, while seed dispersal is the distributio n o f  mature seeds. Bo th pro cesses can

invo lve wind, water, o r animals.

Protecting Pollinators

NOS: Paradigm Shif t ; more t han 85% of  t he world’s 250,000 species of  �owering
plant  depend on pollinat ors f or reproduct ion. T his knowledge has led t o prot ect ing
ent ire ecosyst ems rat her t han individual species

Paradigm shifts o ccurs when f ramewo rks underlying scienti�c thinking change due to  e.g.

Disco very o f new kno wledge

Develo ping understanding

Updating pro cesses as a result o f changed kno wledge and understanding can allo w pro gressio n

to wards mo re successf ul appro aches  in science

A shift in the appro ach to  co nservatio n is an example o f this:

Early e�o rts in co nservatio n were primarily fo cused o n pro tecting individual species  o r

po pulatio ns  which were under threat

Ho wever, whilst it is still essential to  pro mo te the maintenance o f animal po pulatio ns o ver

time, it has beco me apparent that the relatio nships between species and the eco systems

in which they live are just as fundamental, if no t mo re so

With this in mind, it is impo rtant to  co nserve habitats  and the eco lo gical pro cesses  relied o n

by the co mmunities within tho se habitats 

The ro le o f  po llinato rs  is a key example o f a relatio nship between species and eco system

where changes in the pro cess o f po llinatio n co uld have huge impacts o n the wider eco system

Po llinato rs directly suppo rt the survival o f  plant species  with which they interact, and also

indirectly impact the o ther species  within the asso ciated co mmunity

Lo ss o f either po llinato r o r plant species co uld cause an eco system to  break do wn,

leading to  huge bio diversity lo sses

Po llinato rs play a huge ro le in the pro ductio n o f  cro ps  and therefo re are relied upo n by the

farmers gro wing tho se cro ps fo r an inco me, but also  by the co nsumers o f the cro ps who

require a�o rdable and go o d quality fo o d so urces
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9.4.3 Skills: Drawing Plant Structures

Drawing the Internal Structure of Seeds

A seed  co nsists o f several parts which can be sho wn in a labelled diagram

Testa

The seed co at

Co tyledo n o r co tyledo ns

The leaf o r leaves o f the embryo  which so metimes co ntain the fo o d so urce fo r the

gro wing embryo

So me plants have o ne co tyledo n and are kno wn as mo no co tyledo no us, and so me have

two  and are dico tyledo no us

In so me plants the fo o d so urce is separate fro m the co tyledo ns and is called the

endo sperm

Embryo  plant

Co nsisting o f the embryo  ro o t  and embryo  sho o t

Micro pyle

A ho le thro ugh the testa fo und near the scar tissue  where the seed was attached to  the

parent plant

The internal and external structure of a bean seed
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Drawing Animal-Pollinated Flowers

Animal po llinated �o wers  have several features in co mmo n which sho uld be included in a

labelled diagram

Nectary

Nectar secreting glands to  attract po llinato rs

Petals

Brightly co lo ured to  attract po llinato rs

Sepals

Pro tect the uno pened �o wer

Stamen, which co nsists o f

The anthers  which pro duce and release po llen

The �laments  which ho ld the anthers in po sitio n

Carpel, which is made up o f

The stigma which receives the po llen 

The style  which co nnects the stigma to  the o vary

Ovary  which co ntains the o vules

Ovules co ntain the female sex cells

Animal po llinated �o wers have structures that attract po llinato rs and aid the pro cess o f

po llinatio n
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9.4.4 Skills: Investigating Factors A�ecting Germination

Experiments Investigating Factors A�ecting Germination

Seeds remain do rmant  lo ng eno ugh to  allo w seed dispersal o r until co nditio ns are favo urable

During do rmancy the seed is unable to  germinate and the metabo lic rate is nearly z ero

Germinatio n results in gro wth o f the embryo  sho o t, o r plumule, and embryo  ro o t , o r radicle

Three facto rs are required fo r successf ul germinatio n

Water allo ws the seed to  swell up, causing the seed co at , o r testa, to  burst; this allo ws the

gro wing embryo  plant to  exit the seed

Water also  allo ws the enz ymes in the embryo  to  functio n, increasing metabo lic rate so

that gro wth can o ccur 

Oxygen is required fo r respiratio n so  that energy  can be released fo r germinatio n

Warmth; germinatio n impro ves as temperature rises (up to  a po int) as the reactio ns which

take place are co ntro lled by enz ymes which canno t functio n e�ectively when temperatures

are to o  lo w

No te that as carbo n dio xide is no t necessary fo r germinatio n but also  do es no t inhibit it, it

makes no  di�erence whether it is present o r no t

Gibberellin

Gibberellin is a ho rmo ne required to  trigger mito sis  and cell gro wth in the plant embryo

Pro ductio n o f gibberellin is stimulated by a metabo lic pathway  co ntro lled by a series o f

enz ymes 

The genes that co de fo r the relevant enz ymes need to  be expressed befo re this metabo lic

pathway can beco me active

Gibberellin can also  stimulate pro ductio n o f amylase  which breaks do wn sto red starch into

malto se

Other enz ymes break do wn the malto se further into  so luble fo rms o f sugar which can be

transpo rted aro und the embryo  plant

Starch is  inso luble  so  canno t be transpo rted witho ut �rst being bro ken do wn

Sugars fro m the bro ken do wn starch sto res are required fo r respiratio n and gro wth o f the

cells in the embryo  plant

Crops and germinat ion

Germinatio n rates fo r gro wers are an impo rtant facto r in maximising cro p yield

In agriculture, cro ps are o ften selected fo r their sho rt do rmancy  perio d to  decease

germinatio n time

Gro wers must co nsider

Age  o f the seed; o ld seeds may be no n-viable
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Depth o f  so wing seeds in the so il; to o  deep and the plumule may run o ut o f energy befo re

reaching the so il surface and to o  shallo w may lead to  the seed being eaten

Water availability; bo th dry and waterlo gged co nditio ns co uld negatively a�ect germinatio n

Sto rage co nditio ns; seeds may be damaged if sto red inco rrectly

Damage by pests; so me pests may eat o r damage the seed itself while o thers may co nsume

the gro wing plumule o r radicle

Temperature; many seeds need to  be warm eno ugh befo re germinatio n o ccurs, but to o

much heat may cause damage, while so me seeds need a perio d o f extreme co ld befo re

germinatio n can o ccur

Invest igat ing t he condit ions f or germinat ion

With germinatio n being so  crucial fo r e�ective cro p farming it can be useful to  investigate the

facto rs that might a�ect its success

We can use the fo llo wing metho d to  investigate the co nditio ns required fo r successful

germinatio n

Apparat us

Test tubes

Test tube ho lder

Cress seeds

Co tto n wo o l

Fridge

Met hod

Set up 4 test tubes, each co ntaining 10 cress seeds o n co tto n wo o l

Label the test tubes A, B, C, and D

Fo r test tube A, leave the co tto n wo o l dry

Fo r test tube B, add eno ugh water to  the co tto n wo o l so  that it beco mes mo ist

Fo r test tube C, add eno ugh water to  co ver the co tto n wo o l and seeds, then carefully add a

layer o f  o il o n to p o f the water

Fo r test tube D, add eno ugh water to  the co tto n wo o l so  that it beco mes mo ist

Leave tubes A, B and C  at ro o m temperature  o r incubated at a speci�c temperature e.g. 20 °C

Place tube D in a f ridge  at appro ximately 4 °C

Leave all tubes fo r a set perio d o f  time  e.g. 3 - 5 days

Ensure the co tto n wo o l in tubes B and D remains mo ist  thro ugho ut this time by adding mo re

dro ps o f water if required

Co mpare the results and see which tube has the greatest number o f  germinated seeds
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The ideal conditions for germination can be investigated by studying seeds under di�erent conditions

Result s and Analysis

The test tubes are set up so  that each o f the facto rs required fo r germinatio n (water, o xygen, and

warmth) can be tested by selectively remo ving each in turn

In test tube A water is remo ved

Test tube B is the co ntro l tube where all facto rs are present

In test tube C o xygen is remo ved as it canno t pass thro ugh the o il and water layers o n to p o f

the seeds

In test tube D warmth is remo ved

As germinatio n canno t o ccur if the co nditio ns  are no t right  i.e. if even o ne o f the three facto rs

required is absent, it wo uld be expected that o nly the seeds in the co ntro l tube will germinate  

Conditions Required f or Germination: Example Results Table
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