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9.2.1 Translocation in Plants

Translocation

Translo catio n is the bio lo gical term used to  describe the transpo rt o f  o rganic so lutes  in the

phlo em tissue

The liquid that is being transpo rted within the phlo em can be referred to  as phlo em sap

This phlo em sap co nsists o f sugars  in the fo rm o f sucro se, alo ng with water and o ther

disso lved substances such as amino  acids

These disso lved substances are so metimes referred to  as assimilates

Translo catio n within phlo em tissue transpo rts these o rganic co mpo unds fro m regio ns kno wn as

‘so urces’ to  regio ns kno wn as ‘sinks’

Sources and Sinks

So urces are the regio ns o f plants in which o rganic so lutes o riginate; they can include

Mature green leaves and green stems

Pho to synthesis  in these regio ns pro duces gluco se  which is co nverted into  sucro se

befo re being transpo rted

Sto rage o rgans, e.g. tubers and tap ro o ts, unlo ading their sto red substances at the

beginning o f a gro wth perio d

Fo o d sto res in seeds which are germinating

Sinks are the regio ns o f plants where o rganic co mpo unds are required  fo r gro wth; they can

include

Meristems that are actively dividing

Ro o ts that are gro wing o r actively taking up mineral io ns

Yo ung leaves  in bud

Any part o f the plant where o rganic co mpo unds are being sto red  eg. develo ping seeds,

fruits, o r sto rage o rgans

No te that so urces can beco me sinks and vice versa, depending o n the time o f year and the

pro cesses taking place inside the plant
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Organic compounds are moved through a plant by the process of translocation. They are moved from

source(s) to sink(s).

Translocat ion is an act ive process

The lo ading and unlo ading o f sucro se and o ther o rganic co mpo unds fro m the so urce to  the

phlo em, and fro m the phlo em to  the sink is an active pro cess, meaning that it requires energy in

the fo rm o f ATP

A summary o f the pro cess is

Active transpo rt  is used to  lo ad o rganic co mpo unds  into  the phlo em at the so urce

The high co ncentratio ns o f so lutes in the phlo em at the so urce cause water to  mo ve into

the phlo em vessels by o smo sis

This results in a raised hydro static pressure, which causes the co ntents o f  the phlo em to

�o w to wards sinks

Hydro static pressure refers to  the pressure exerted by a �uid o n the walls o f its

co ntainer; in this case the walls o f the phlo em

Exam T ip

Remember that directio n o f mo vement in the phlo em is determined by the lo catio ns o f the

so urce and the sink, so  can be either upward o r do wnward.
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Phloem Sieve Tubes

The functio n o f phlo em tissue in a plant is to  transpo rt o rganic co mpo unds, particularly sucro se,

f ro m so urces, e.g. leaves, to  sinks, e.g. ro o ts

The transpo rt o f these co mpo unds can o ccur bo th up o r do wn the plant

The o rganic co mpo unds are disso lved in water to  fo rm phlo em sap

Phlo em is a co mplex tissue made up o f di�erent cell types; it is mainly made up o f sieve tube

elements  and co mpanio n cells

Sieve tube cells, o r elements, line up end-to -end to  fo rm a co ntinuo us tube  thro ugh which

phlo em sap �o ws

Co mpanio n cells are clo sely asso ciated with the sieve tube  and aid with the lo ading and

unlo ading o f disso lved substances, o r assimilates

Mature phlo em tissue co ntains living cells, unlike xylem cells which are dead at maturity

Having a functio ning cell surface membrane is impo rtant in the sucro se lo ading and unlo ading

pro cess

The cells that make up the phlo em tissue are highly specialised, meaning that their structure aids

their f unctio n
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Phloem tissue contains sieve tube cells and companion cells

Sieve tube structure and f unctio n table
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Co mpanio n Cell Structure and Functio n Table
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Exam T ip

Understand the di�erence between sieve tube elements and co mpanio n cells, and make sure

that yo u can describe ho w the structure  o f sieve tube cells is related to  their f unctio n.

9.2.2 Sucrose Loading

Sucrose Loading Mechanism

Organic co mpo unds such as sucro se  are transpo rted f ro m so urce to  sink thro ugh the phlo em

sieve tubes

Sucro se is a disaccharide fo rmed fro m a mo lecule o f gluco se and a mo lecule o f fructo se

Carbo hydrates are transpo rted in the fo rm o f sucro se because this co mpo und canno t

directly enter the respiratio n reactio ns  and so  it is less likely to  be respired while in the

pro cess o f being transpo rted

The pathways that sucro se mo lecules take when being lo aded into  phlo em sieve tubes at the

so urce include

The apo plast , o r apo plastic, pathway

Thro ugh the cell wall spaces

This is an active pro cess  as io n pumps are invo lved

The symplast , o r symplastic, pathway

Thro ugh the cyto plasm and plasmo desmata 

Plasmo desmata (singular plasmo desma) are channels thro ugh the cell walls  o f plant

cells that co nnect neighbo uring cells

This is a passive pro cess  as the sucro se mo lecules mo ve by di�usio n

T he apoplast  pat hway

Sucro se mo lecules that mo ve alo ng the apo plast pathway  enter the sieve tube as a result o f the

fo llo wing pro cess

Co mpanio n cells  pump hydro gen io ns  o ut o f their cyto plasm into  their cell walls

This pumping is carried o ut by pro teins kno wn as pro to n pumps

This is an active pro cess  and therefo re requires ATP

The high co ncentratio n o f  hydro gen io ns in the cell wall space o f the co mpanio n cell results

in the hydro gen io ns mo ving do wn their co ncentratio n gradient  back into  the cyto plasm 

The hydro gen io ns mo ve via a co -transpo rter pro tein, meaning that whilst transpo rting the

hydro gen io ns, this pro tein also  carries sucro se mo lecules into  the co mpanio n cell

against the sucro se co ncentratio n gradient

The sucro se mo lecules then mo ve into  the sieve tubes fro m the co mpanio n cells by

di�usio n thro ugh plasmo desmata

No te that this pro cess takes place inside a specialised type o f co mpanio n cell kno wn as a

transf er cell; these cells have a fo lded cell surface membrane to  increase the available surf ace

area fo r the active transpo rt o f so lutes and many mito cho ndria to  pro vide the energy fo r the

pro to n pumps

This mechanism permits plants to  build up the sucro se co ncentratio n in the phlo em to  many

times mo re than that in the surro unding cells
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T he symplast  pat hway

In so me plants sucro se mo lecules mainly travel f ro m the cyto plasm o f  o ne cell to  the

cyto plasm o f  neighbo uring cells  by di�usio n thro ugh plasmo desmata

Sugar can enter the sieve tube cells via either the apoplast or symplast pathway.  Entry via the apoplast

pathway involves proton pump and co-transporter proteins.

Exam T ip

Remember that the lo ading o f sucro se requires two  transpo rt pro teins, pro to n pumps and co -

transpo rter pro teins, which are lo cated in the co mpanio n cell surface membrane.
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9.2.3 Hydrostatic Pressure Gradients

Hydrostatic Pressure Gradients

Phlo em sap co ntaining sucro se and o ther o rganic so lutes mo ves thro ugh the sieve tubes do wn

a hydro static pressure gradient

This is kno wn as the pressure-�o w hypo thesis

Hydro static pressure is the term used to  describe the pressure exerted by a �uid o n the

walls o f  its co ntainer

High hydro static pressure at the so urce is generated by the fo llo wing pro cess

Sucro se is actively transpo rted into  the sieve tube elements at the so urce 

The raised so lute co ncentratio n in the sieve tube causes water to  f o llo w the sucro se by

o smo sis

Water canno t be co mpressed, so  when the vo lume o f water in the sieve tube increases, it

presses against the rigid plant cell walls, resulting in a build-up o f  hydro static pressure in

the sieve tube at the so urce

Lo w hydro static pressure at the sink is maintained by the fo llo wing pro cess

Sucro se is remo ved f ro m the sieve tube elements when it reaches the sink

Sink regio ns co ntain cells where sugars are either used in respiratio n o r co nverted into

starch fo r sto rage

This lo wers the so lute co ncentratio n o f  the sieve tube  co ntents

Water leaves the sieve tube by o smo sis, lo wering the hydro static pressure inside the

sieve tube at the sink

Phlo em sap inside the sieve tube mo ves do wn a hydro static pressure gradient  fro m high to  lo w

hydro static pressure

The pressure di�erence between the so urce and the sink results in the mass �o w o f  phlo em

sap  fro m the high hydro static pressure area to  the lo w hydro static pressure area

The directio n o f the mass �o w o f phlo em sap is determined by the hydro static pressure

gradient , which in turn is determined by the relative lo catio ns o f  the so urce and sink regio ns  in

the plant; this means that phlo em sap can �o w either upwards o r do wnwards  within the sieve

tube
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The translocation of phloem sap occurs due to a hydrostatic pressure gradient between the source and

the sink

Exam T ip

Remember that the so urce will no t always be the leaves and the sink will no t always be the ro o ts;

phlo em sap can mo ve bo th up and do wn the plant depending o n the lo catio n o f the so urce and

sink regio ns. 

The hydro static pressure gradient is dependent o n water mo ving in and o ut o f the xylem vessels

by o smo sis.
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9.2.4 Skills: Identifying Xylem & Phloem

Identifying Xylem & Phloem

Xylem

The functio ns o f xylem tissue in a plant are:

To  transpo rt disso lved minerals and water up the plant via vascular tissues

Structural suppo rt

 Xylem tissue is fo und, alo ng with phlo em tissue and o ther tissues, in vascular bundles

 The lo catio n o f the vascular bundles is dependent o n which o rgan they are in:

In ro o ts, the vascular bundle is fo und in the centre  and in the middle o f  the centre co re  is the

xylem tissue. This helps the ro o ts withstand the pulling strains they are subjected to  as the

plant transpo rts water upwards and gro ws

In stems, the vascular bundles are lo cated aro und the o utside  and the xylem tissue is fo und

o n the inside  (clo sest to  the centre o f the stem) to  help suppo rt the plant

In leaves, the vascular bundles fo rm the midrib and veins  and therefo re usually spread fro m

the centre o f the leaf in parallel lines. The xylem tissue is fo und o n the upper side  o f the

vascular bundles (clo sest to  the upper epidermis)
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The distribution of tissue types di�ers between roots, stems, and leaves.

Phloem

The functio n o f phlo em tissue in a plant is to :

Transpo rt o rganic co mpo unds, particularly sucro se, fro m so urces (e.g. leaves) to  sinks (e.g.

ro o ts). The transpo rt o f these co mpo unds can o ccur up and do wn the plant
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 Phlo em is a co mplex tissue also  made up o f vario us cell types; its bulk is made up o f sieve tube

elements  (which are the main co nducting cells) and co mpanio n cells

Other cell types within phlo em tissue include parenchyma cells (fo r sto rage) and strengthening

�bres

The lo catio n o f the vascular bundles is dependent o n which o rgan they are in:

In ro o ts, the vascular bundle is fo und in the centre  and o n the edges o f  the centre co re  is

the phlo em tissue

In stems, the vascular bundles are lo cated aro und the o utside  and the phlo em tissue is

fo und o n the o utside  (clo sest to  the epidermis o n the o uter surface o f the stem)

In leaves, the vascular bundles fo rm the midrib and veins  and therefo re usually spread fro m

the centre o f the leaf in parallel lines. The phlo em tissue is fo und o n the lo wer side  o f the

vascular bundles (clo sest to  the lo wer epidermis)

Exam T ip

In ro o ts and stem, the xylem tissue is fo und o n the inside – ho wever, in leaves, xylem is fo und

abo ve phlo em tissue.

9.2.5 Skills: Measuring Phloem Transport Rates

Measuring Phloem Transport Rates

Hemiptera (also  kno wn as true bugs) is an o rder o f insects that have highly-adapted mo uthparts

fo r piercing and sucking

Many hemipterans (such as aphids) use these mo uthparts fo r f eeding o n phlo em sap

This behavio ur has been used by scientists to  investigate transpo rt in the phlo em o f plants to

better understand, fo r example, ho w it  o ccurs  and the speed  at which it o ccurs

Invest igat ing phloem t ransport  rat es using aphid st ylet s

Aphids penetrate the phlo em using mo uthparts kno wn as  stylets  (these are a bit like

micro sco pic pipettes)

If the aphid is �rst anaesthetised, its head and bo dy can be remo ved leaving the stylet still in

place

Due to  the pressure  o f phlo em sap in the sieve tube, sap will co ntinue to  �o w o ut o f the stylet,

fo rming a dro p at the end o f the severed stylet

At this po int, the �o w rate  o f the phlo em sap can be measured and a sample  can be taken fro m it

to  analyse its co mpo sitio n
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Aphids can be used by scientists to investigate transport in the phloem of plants

NOS: Development s in scient i�c research f ollow improvement s in apparat us;
experiment al met hods f or measuring phloem t ransport  rat es using aphid st ylet s and
radioact ively-labelled carbon dioxide were only possible when radioisot opes
became available
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Using radio active iso to pes  (also  kno wn as radio iso to pes) in scienti�c research o nly became

po ssible after 1945 because their use was develo ped fo r wo rk o n the ato mic bo mb during the

Seco nd Wo rld War

Fo r example, carbo n-14  ( C) is an iso to pe  o f carbo n that is radio active

It is po ssible to  generate carbo n dio xide that co ntains carbo n-14 ; this wo uld be written as

CO

It was disco vered that if leaves were expo sed to  CO  whilst they were pho to synthesising (by

surro unding a leaf with a po lythene bag �lled with CO ), the leaves wo uld pro duce C-

labelled sugars

Using auto radio graphy, these C-labelled sugars co uld then be traced during translo catio n

thro ugho ut the plant  and also  detected in phlo em sap �o wing o ut  o f aphid stylets

These techniques enabled scientists to  investigate the speed o f  phlo em transpo rt  and ho w

sugars are distributed between so urces and sinks  in plants
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C-labelled sugars can be traced during translocation throughout planta by detection in phloem sap

�owing out of aphid stylets

Sugars are pro duced  in so urces (pho to synthesising leaves) while sugars are delivered to

sinks (ro o ts, yo ung sho o ts and develo ping seeds)
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Page 15 of 15
For more help visit our website www.exampaperspractice.co.uk


