Transport in plants
A-Level Biology

The two transport tissues

Plants move substances through two transport tissues ZHZH:

o xylem AKJFi#P carries water and dissolved mineral ions # ) B 1 up from the
roots.

« phloem 7] 7 carries dissolved foods (called assimilates [F]{£4)), mainly sugars)
to wherever they are needed.

In a transverse section H{YJH (a cut straight across) of a dicotyledonous plant

KT A

e in the stem, xylem and phloem sit together in bundles near the outside, with xylem
on the inside of each bundle.

¢ in the root, the xylem is in the centre, often in a star shape, with phloem between
the arms.

« in the leaf, both are found in the veins.

When you draw a plan diagram, you draw only the outlines of the tissues, not the
single cells.

stem: bundles in a ring root: xylem in a central star
@ xylem @ phloem

Where the tissues sit: stem bundles form a ring near the edge (zylem inside); in the
root the xylem makes a central star
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The wood of a tree trunk is xylem; each ring is one year of growth

Xylem vessels

Xylem water-carrying tubes are called vessels 5:4. They are made of dead, empty
cells joined end to end, with the end walls gone, so they form one long open pipe. Their
walls are thickened and waterproofed with lignin AJfiZ. So the structure suits the
job: the hollow, open tube with no contents lets water flow fast, and the lignin gives
strength and support.
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Phloem sieve tubes and companion cells

Phloem food-carrying tubes are called sieve tubes Jifi4. They are living cells joined
end to end, but their end walls are not gone — they become sieve plates ity with
many holes that sap flows through. To leave room for flow, a sieve tube cell loses most
of its contents and has no nucleus.

Beside each sieve tube is a companion cell {#:ffl. It keeps its nucleus 4{/fi1% and
has many mitochondria £/ {&. It does the living work for the sieve tube and loads
sugars into it.

xylem vessel phloem

dead, empty cells;

thick lignified walls;

no end walls —

one open pipe sieve plate (holes) A real vascular bundle in section: the big red cells are zylem vessels (thick lignified
walls); the smaller cells above are phloem

sieve tube (no nucleus)

companion cell
(nucleus, mitochondria)

LA

Xylem is a dead, open pipe; phloem is living sieve tubes with sieve plates and
companion cells

This is what a real vascular bundle #4575 looks like under the microscope, in a
stained section of a young sunflower stem:
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Water from the soil to the xylem

Water enters a root hair cell {REZfl by osmosis 1515, because the root hair has
a lower water potential than the soil water. Water then crosses the root to the xylem
by two pathways:

o the apoplast pathway i#MAETE — water moves through the cell walls 2y
BE (made of cellulose £F4E2%) and the spaces between cells, without entering the
cytoplasm. This is fast.

o the symplast pathway 3L/ {4 — water moves through the cytoplasm of
cells, passing from cell to cell through the plasmodesmata ffi[a]i%E22.

At a ring of cells called the endodermis [N 72, the apoplast pathway is blocked by
the Casparian strip K77, a waterproof band of suberin A2 Jf. This forces all
the water through the cell membranes, which lets the plant control what enters the
xylem.

apoplast: through cell walls

soil \

— xylem

symplast: through cytoplasm endodermis
Casparian strip
blocks the apoplast

The apoplast goes through the walls, the symplast through the cytoplasm; the
Casparian strip blocks the apoplast at the endodermis

Transpiration and the movement of water up the
xylem

Transpiration 7% &/EH] is the loss of water vapour from a plant. Water evaporates
(turns to vapour) from the wet cell surfaces inside the leaf — this is evaporation %%

% . The water vapour 7KZ5’X, then diffuses § H{ out through the stomata < fl,
into the atmosphere K.

This loss at the top pulls water up the xylem in a continuous column. It works because
of hydrogen bonding between water molecules:

« water molecules attract each other through hydrogen bonds 4, so they stick
together. This sticking is cohesion N2 /7, and it lets the whole column be pulled
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up under tension 3K J7 (the cohesion—tension idea).
« water molecules also stick to the cellulose of the cell walls. This is adhesion [f{#
77, which helps hold the column in place.

transpiration:
water vapour leaves

C> through the stomata

pulled up under
tension; cohesion
(hydrogen bonds)

!
!
T holds the column
!

water enters roots
TT T T T TSNS, by osmosis

Transpiration at the leaf pulls the whole water column up the xylem; cohesion
(hydrogen bonds) keeps it together

Worked example. A plant cell with a water potential of —800 kPa is placed in
a solution of water potential —400 kPa. Which way does water move, and what
happens to the cell? Water always moves down a water potential gradient - from
the less negative (higher) value to the more negative (lower) one. The solution at
—400 is higher than the cell at —800, so water moves into the cell. The cell swells,
the protoplast presses on the cell wall, the pressure potential rises, and the cell
becomes turgid. Two traps: —400 is greater than —800, which is the sign error that
reverses half of all answers; and pure water is the maximum at 0, so every solution is
negative and a water potential can never rise above zero.
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Xerophytes

A xerophyte 24E4HY) is a plant adapted &Y. to live where water is scarce. Its
leaves reduce water loss by transpiration in several ways: a thick waxy cuticle £ it
JZ, stomata sunk in pits, hairs that trap moist air, and leaves that can roll up. You
should be able to draw a labelled leaf section showing these features.

thick waxy cuticle

e

stoma sunk hairs trap
in a pit moist air

( the leaf can
roll up

Xerophyte leaves cut water loss: a thick cuticle, sunken stomata, trapped moist air
and rolling up

Translocation: moving assimilates in the phloem

Assimilates such as sucrose fEf# and amino acids 2} & are carried in the phloem
from a source J to a sink J%.

o a source is where the assimilate is made or released (for example a photosynthe-
sising leaf).
o a sink is where it is used or stored (for example a growing root).

Loading at the source

Companion cells load sucrose into the sieve tubes against its concentration gradient.
They use proton pumps Jfii - to pump hydrogen ions out, then cotransporter
proteins 1/p[f]iz i 45 [9 bring sucrose back in together with those ions. This is a form
of active transport @iz

Loading sucrose lowers the water potential 7K % inside the sieve tube, so water
follows by osmosis. This raises the hydrostatic pressure /K% there.
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Mass flow

At the sink, sucrose is removed, so the water potential rises, water leaves, and the
pressure falls. The result is a pressure difference between source (high) and sink (low).
Sap flows from high to low pressure down this gradient. This pressure-driven flow is
called mass flow £7%.

SOURCE (e.g. leaf)

sucrose loaded
(active transport) high

water in (osmosis) pressure

sap flow

water leaves

low
V | ——— sucrose removed
pressure

SINK (e.g. root)

Loading sucrose at the source raises the pressure; sap then flows by mass flow to the
sink

Exam tips

o State the tissue for each direction: xylem carries water up (dead, lignified),
phloem carries assimilates both ways (living sieve tubes + companion cells).

o Explain water movement by cohesion-tension: transpiration pulls a continuous
water column held by cohesion (H-bonds) and adhesion.

 List the factors affecting transpiration rate (light, temperature, humidity, air
movement) and how a potometer measures uptake.

» For xerophytes, link each adaptation (thick cuticle, sunken stomata, rolled leaves,
hairs) to reduced water loss.
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