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9.3.1 Plant Growth

Plant Growth

Plant gro wth o ccurs in regio ns kno wn as meristems

The cells in these regio ns are kno wn as meristem cells

Meristem cells are undi�erentiated; they actively divide by mito sis to  pro duce new plant tissue

Meristems can be fo und in the gro wing tips o f  plant ro o ts and sho o ts

A meristem at the tip o f a sho o t is a sho o t apical meristem

A meristem at the tip o f a ro o t is a ro o t apical meristem

Meristem tissue with the po tential to  fo rm new side branches  fro m the main plant stem can

be fo und in regio ns kno wn as axillary buds

Axillary buds are tho se that gro w in-between the main stem and the branch o f a leaf

The gro wth o f the axillary buds is inhibited by the plant chemical auxin released fro m cells

in the tip o f the sho o t apical meristem

This inhibitio n o f axillary bud gro wth by the sho o t apex is kno wn as apical do minance

Meristems can also  be fo und parallel to  the sides o f  a stem e.g. within the vascular bundles  that

co ntain the xylem vessels and the phlo em

These are kno wn as lateral meristems  and enable plant stems to  gro w in diameter

Lateral means ‘fro m the side’

The regio ns o f meristem tissue in the vascular bundles  are kno wn as cambium

The growing parts of plants are known as meristems, and can be found in the shoot apex (shoot apical

meristem), the root apex (root apical meristem), and the sides of the stem (lateral meristem)
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Lateral meristem tissue is known as cambium. It can be found between the xylem and phloem in stems

and roots.

Plant gro wth at meristems can co ntinue inde�nitely  and is therefo re said to  be indeterminate

Animal gro wth is di�erent to  plant gro wth in that animals gro w until they reach their full adult

siz e and then sto p; animal gro wth is therefo re determinate

No te that while the gro wth o f so me individual plant o rgans, e.g. leaves o r �o wers, is

determinate, plants can gro w an indeterminate number o f  these o rgans f ro m their

meristems

It is o ften po ssible to  gro w who le new plants f ro m just a single plant cell

Such plant cells are to tipo tent

In so me cases fully di�erentiated plant cells are able to  do  this
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Stem Extension & Leaf Development

Plant stems gro w lo nger at the tip due to  cell divisio n in the sho o t apical meristem

Small cells in the sho o t apical meristem divide by mito sis to  pro duce two  identical daughter

cells

Of the two  daughter cells pro duced by each ro und o f divisio n, o ne remains in the meristem

while the o ther mo ves away to  fo rm new tissue elsewhere

The cells that leave the meristem gro w rapidly, di�erentiating into  di�erent cell types which

themselves give rise to  di�erent plant tissues  e.g.

Gro und meristem cells  give rise to  gro und tissues

Gro und tissues are any tissues that are no t  part o f the plant's vascular system o r its o uter

pro tective layers e.g.

Co llenchyma tissue cells have thickened cell walls and fo rm suppo rtive tissue

Parenchyma tissue cells carry o ut essential plant f unctio ns  such as pho to synthesis

and carbo hydrate sto rage

Pro to derm cells  give rise to  epidermal tissue

Epidermal tissue is a layer o f  cells that co vers the o utside o f  the plant , fo rming a barrier

between the internal tissues and the external enviro nment

Pro cambium cells  give rise to  vascular tissue

Vascular tissue transpo rts water, minerals, and assimilates aro und the plant

The vascular tissue co ntains the xylem and phlo em

Cell di�erentiatio n is determined by chemicals called ho rmo nes  in the plant tissues

Leaves develo p  fro m structures called leaf primo rdia at the sides o f  the sho o t apical meristem

Mitosis at the shoot apical meristem produces cells which di�erentiate to form di�erent plant tissues.
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Plant Tropisms

Plant gro wth can be a�ected by f acto rs in the external enviro nment  such as light, gravity, water,

and the presence o f o bjects

These gro wth respo nses are kno wn as tro pisms

Tro pisms can be to wards a stimulus; po sitive tro pisms, o r away f ro m a stimulus; negative

tro pisms

Tro pisms enable plants to  maximise their chances o f  survival e.g.

Gro wing to wards light ensures a maximum rate o f  pho to synthesis

Gro wing away fro m o r to wards gravity ensures that seedlings gro w the right way up

Gro wing to wards water enables ro o ts to  maximise their water uptake

Gro wing up and aro und an o bject may allo w a plant to  gain height quickly  and so

maximise light abso rptio n f o r pho to synthesis

Tro pisms are regulated by chemicals  pro duced in plants kno wn as plant ho rmo nes

Examples o f tro pisms include

Pho to tro pism

Plant respo nse to  light

Plant stems gro w to wards light; this is po sitive pho to tro pism

Gravitro pism

Plant respo nse to  gravity

Plant stems gro w away f ro m gravity; this is negative gravitro pism

Plant ro o ts gro w to wards gravity; this is po sitive gravitro pism

Gravitro pism is also  kno wn as geo tro pism
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Plants can respond to environmental factors such as light and gravity; these responses are called

tropisms and they can be either positive or negative.
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9.3.2 Plant Hormones

Plant Hormones & Shoot Growth

Plant ho rmo nes  are respo nsible fo r mo st co mmunicatio n within plants

Plant ho rmo nes are no t the same as ho rmo nes in animals but they are chemical messengers

so  the name ho rmo ne is o ften used

Plant ho rmo nes are so metimes referred to  as plant gro wth regulato rs

Auxins  are a gro up o f plant ho rmo nes that in�uence many aspects o f plant gro wth

A co mmo n auxin is kno wn as IAA (indo le-3−acetic acid)

In sho o ts, auxin is pro duced in cells at the gro wing tip  befo re mo ving away into  the surro unding

tissues

Auxin has an impo rtant ro le in regulating sho o t gro wth

In sho o ts, auxin causes cells to  elo ngate, leading to  stem gro wth

No te that in ro o ts, auxin inhibits cell gro wth; the o ppo site e�ect  to  that in sho o t cells

No te that at very high co ncentratio ns, auxin can also  inhibit  sho o t gro wth

Auxin released fro m the sho o t apical meristem inhibits the gro wth o f  axillary buds

This is kno wn as apical do minance

The strength o f the inhibito ry e�ect o n axillary buds depends o n the co ncentratio n o f

auxin; co ncentratio ns are lo wer further away fro m the sho o t apex so  axillary buds are

mo re likely to  gro w lo wer do wn the plant

No te that cyto kinins, ano ther plant ho rmo ne, pro mo tes the gro wth o f axillary buds, so

the relative co ncentratio ns o f  auxin and cyto kinins is also  impo rtant

Cutting o � the sho o t apex causes a decrease in auxin co ncentratio n and therefo re

pro mo tes sho o t gro wth; this is why pruning (cutting back plant stems) can o ften help to

gro w bushier plants!

Gibberellins  are ano ther gro up o f plant ho rmo nes invo lved in regulating stem gro wth

Exam T ip

Yo u may have no ticed already that plant ho rmo nes are co mplicated! In animals ho rmo nes have

target tissues and their e�ects o n tho se tissues are co nsistent. In plants, ho wever, ho rmo nes

can act o n many tissues and their e�ects can vary depending o n ho rmo ne co ncentratio n,

interactio ns with o ther ho rmo nes, and the type o f tissue invo lved. Fro m this sectio n yo u need to

kno w abo ut the impact o f  auxin o n sho o t elo ngatio n and  apical do minance.

Auxin & Gene Expression

It is tho ught that auxin brings abo ut plant respo nses  such as pho to tro pism by altering the

expressio n o f  genes inside plant cells

A gene is expressed if it is successfully transcribed and translated into  a po lypeptide

When light falls o n a plant, light energy is abso rbed by pho to recepto r pro teins  kno wn as

pho to tro pins, causing a change in their 3D shape

The altered shape o f the pho to tro pins allo ws them to  bind to  recepto rs inside the cell,

a�ecting the expressio n o f  certain genes

It is tho ught that the a�ected genes co uld co de fo r glyco pro teins called PIN3 pro teins

PIN3 pro teins are tho ught to  be invo lved with the lateral transpo rt o f auxin acro ss stems

expo sed to  sunlight , o r acro ss stems and ro o ts a�ected by gravity
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Auxin E�ux Pumps

The PIN3 pro teins  that are tho ught to  be invo lved with the lateral transpo rt o f  auxin in stems and

ro o ts are also  kno wn as e�ux pumps

The term 'e�ux' refers to  an o utward �o w o f  a substance; in this case auxin is mo ved o ut o f

o ne cell and into  ano ther

These e�ux pumps are impo rtant in establishing an auxin gradient acro ss a stem o r ro o t in

respo nse to  a stimulus  such as light o r gravity

E.g. Light is tho ught to  a�ect the expressio n o f  genes that co de f o r the PIN3 pro tein e�ux

pumps; light shining o n o ne side o f a stem mo re than the o ther can therefo re lead to  an

uneven distributio n o f  e�ux pumps, creating an auxin gradient

The cells in a stem o r ro o t with a lateral auxin gradient will gro w di�erently depending o n the

co ncentratio n o f  auxin to  which they are expo sed

Responding t o light

Light a�ects the gro wth o f plant sho o ts in a respo nse kno wn as pho to tro pism

The co ncentratio n o f  auxin determines the rate o f  cell elo ngatio n within the stem

A higher co ncentratio n o f  auxin causes an increase in the rate o f  cell elo ngatio n 

If the co ncentratio n o f  auxin is no t unif o rm acro ss the stem then uneven cell gro wth can

o ccur

When light shines o n a stem fro m o ne side, auxin is transpo rted, by PIN3 pro teins, f ro m the

illuminated side o f  a sho o t to  the shaded side

An auxin gradient  is established, with mo re auxin o n the shaded side and less o n the illuminated

side

The higher co ncentratio n o f auxin o n the shaded side o f the sho o t causes a f aster rate o f  cell

elo ngatio n, and the sho o t bends to wards the so urce o f light

Higher concentrations of auxin on the shaded side of a stem increases the rate of cell elongation so that

the shaded side grows faster than the illuminated side
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Responding t o gravit y

Ro o ts respo nd to  gravity in a respo nse kno wn as gravitro pism

Gravitro pism is so metimes kno wn as geo tro pism

In ro o ts, auxin co ncentratio n also  a�ects cell elo ngatio n, but higher co ncentratio ns o f  auxin

result in a lo wer rate o f  cell elo ngatio n

No te that this is the o ppo site e�ect to  that o f auxin o n sho o t cells

Plant cells use o rganelles called stato liths  to  detect the directio n o f gravity

Stato liths are starch-�lled grains

They accumulate o n the lo wer side  o f plant cells due to  gravity

PIN3 pro teins transpo rt auxin to wards the lo wer side  o f the ro o t cells

The resulting high co ncentratio n o f  auxin at the lo wer side o f  the ro o t inhibits cell elo ngatio n

As a result, the lo wer side gro ws at a slo wer rate than the upper side o f  the ro o t , causing the

ro o t to  bend do wnwards

Auxin inhibits cell elongation in the lower side of roots, causing the cells in the lower side of the root to

elongate at a slower rate than the upper side
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Genomics & the Role of Plant Hormones

NOS: Development s in scient i�c research f ollow improvement s in analysis and
deduct ion; improvement s in analyt ical t echniques allowing t he det ect ion of  t race
amount s of  subst ances have led t o advances in t he underst anding of  plant  hormones

and t heir e�ect  on gene expression

Early research o n plant ho rmo nes was carried o ut by scientists such as Charles Darwin (yes, the

Charles Darwin) in the 1800s, and Niko lai Cho lo dny  and Frits Went  in the early 1900s

Darwin was able to  demo nstrate the impo rtance o f  an unkno wn 'in�uence' in the bending o f

co leo ptiles (yo ung plant seedlings) to wards light

Went  was able to  iso late Darwin's 'in�uence' and identify it as auxin

Cho lo dny  and Went  independently pro po sed that an auxin gradient was respo nsible f o r

plant tro pisms

Studies on plant tropisms carried out by Charles Darwin and Frits Went.  Darwin demonstrated that an

‘in�uence’ was produced in the tips of plant shoots, while Went showed that an auxin gradient was

enough to cause shoot bending

This early research o n tro pisms, while essential in pro gressing scienti�c understanding at the

time, was unable to  pro vide detail o n the mechanisms underlying these plant respo nses

beyo nd the suggestio n that an auxin gradient was invo lved

Mo dern analytical techniques mean that scientists to day can �nd o ut abo ut pro cesses taking

place at a cellular level in ways that earlier researchers co uld no t

An example o f this is the science o f geno mics, which has enabled scientists to  make disco veries

abo ut the in�uence o f  gene expressio n o n plant respo nses

Geno mics is the study o f  genes, including their structure and functio n

One metho d used in geno mics is an analytical technique kno wn as a micro array
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A series o f DNA pro bes are attached to  a surface

Tissue samples are added to  the micro array, and if  a gene is being expressed  in the cells,

the pro bes emit �uo rescence

This sho ws which genes are being expressed in particular tissue types at particular

times

Micro array research has sho wn that certain genes are expressed mo re o f ten in cells o n the

underside o f  a plant ro o t  and o n the shaded side o f  a plant stem

Auxin has been sho wn to  a�ect the expressio n o f  certain genes

Research o f this nature o ften invo lves o rganisms that are already well studied; scientists can

make use o f existing kno wledge o f their genetics and cell bio lo gy

A famo us example o f such a species in plants is Arabidopsis thaliana (thale cress)

A. thaliana is kno wn as a mo del o rganism due to  its frequent use in scienti�c research

9.3.3 Micropropagation

Micropropagation of Plants

The nature o f plant gro wth means that plants can be gro wn by a pro cess kno wn as

micro pro pagatio n

Micro pro pagatio n is a fo rm o f tissue culture  in which plant cells are cultivated o n nutrient

gro wth media (singular medium) such as agar gel

Micro pro pagatio n pro duces new adult plants  fro m small samples o f  plant tissue  in a labo rato ry

setting

Micro pro pagatio n can be carried o ut in plants because many plant cells can di�erentiate into  any

o ther type o f plant cell, meaning that an entire plant can be repro duced f ro m any to tipo tent

cells

Micro pro pagatio n invo lves the fo llo wing pro cess

A small piece o f plant tissue is cut; this is called an explant

Ideally the explant is taken fro m meristematic tissue  such as the tip o f the gro wing

sho o t, as the cells are mo re likely to  be to tipo tent

The explant is sterilised  to  ensure that any new plants are free o f infectio n

The explant is transferred to  a sterile gro wth medium, such as agar gel, co ntaining nutrients

and plant ho rmo nes

The explant is allo wed to  develo p into  a callus: a ball o f tissue co ntaining

undi�erentiated cells

The nutrient medium will o ften co ntain a co mbinatio n o f  plant ho rmo nes, such as cyto kinins

and auxin, to  enco urage gro wth o f di�erent types o f  tissue

A high ratio  (>10:1) o f auxin to  cyto kinins leads to  ro o t fo rmatio n, while a less high ratio

(<10:1) leads to  sho o t fo rmatio n

Once the new plant has develo ped ro o ts and sho o ts, it is mo ved to  so il where gro wth can

co ntinue
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Cauli�ower can be cultured using a simple micropropagation procedure in the school laboratory
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Use of Micropropagation for Rapid Bulking Up

Micro pro pagatio n is a valuable pro cess in the pro ductio n o f large numbers o f  healthy plants

Explants can be as small as a single cell so  many new individuals can be gro wn f ro m o ne

parent plant

Plants gro wn fro m an explant in agar take up less space  than tho se gro wn using traditio nal

cultivatio n

It is carried o ut in sterile labo rato ry co nditio ns  meaning that the resulting new plants are

f ree o f  bacterial, viral, and f ungal inf ectio n

Micro pro pagatio n pro duces plants that are clo nes  o f  the parent  plant so  it can be used to

pro duce many new individuals f ro m o ne parent with desirable characteristics

This is useful in co mmercial gro wing; o nce a new desirable variety has been bred o r

disco vered mo re identical co pies can be gro wn by micro pro pagatio n

Plants that are at risk o f  extinctio n in the wild  can be clo ned and mo re individuals gro wn by

micro pro pagatio n

The new individuals will be disease-free and can be planted in the wild to  impro ve wild

po pulatio n numbers

Desirable plants such as o rchids that su�er due to  illegal co llectio n and trade can be gro wn

in the lab and so ld legally rather than sto len fro m the wild

Orchids are especially challenging to  gro w fro m seed and micro pro pagatio n has pro ved

mo re successful

Explants can be preserved by f reez ing, ready fo r use if needed in the future if a plant species

go es into  decline
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