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Lecture 7

Transport in Plants
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Transport Mechanisms
How does water get from the roots to the top of a 10-story-high tree? Throughout human existence,
curious people have wondered about this question.
Plants lack muscle tissue and cannot pump fluid through a circulatory system. Nevertheless, water moves
through the cell-wall spaces between the protoplasts of cells, through plasmodesmata (connections

between cells), through plasma membranes, and through the interconnected, conducting elements

extending throughout a plant (figure 1).
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Figure (1): Transport between cells.
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Local changes result in long-distance movement of materials

The greatest distances traveled by water molecules and dissolved minerals are in the xylem. Once water

enters the xylem of a redwood, for example, it can move upward as much as 100 m (figure 2). Most of

[11 ”
the forceis  pulling caused by transpiration-evaporation of water in the stomata. This pulling

occurs because water molecules stick to each other (cohesion) and to the walls of the tracheid or xylem
vessel (adhesion). The result is an unusually stable column of liquid reaching great heights. Long-distance
transport also occurs in the phloem. Unlike xylem transport, phloem transport is bidirectional (figure 2).
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®* Transpiration-Cohesion-Tension theory

It describes the way water moves through the xylem using (figure 3):

1. Cohesion: the water molecules stick to each other via hydrogen bonds.

2. Adhesion: water molecules stick to the wall of xylem vessel.

3. Tension: because transpiration is drawing water out of the leaves.
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Figure (2): Water and mineral movement through a plant is unidirectional, whereas carbohydrates move

bidirectionally.
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Water potential regulates movement of water through the plant

Plant biologists explain the forces that act on water within a plant in terms of potentials. Potentials are a
way of representing free energy (the potential to do work). Water potential, abbreviated by the capital
Greek letter psi () with a subscript W (15,,) is used to predict which way water will move. The key is to

remember that water will move from a cell or solution with higher water potential to a cell or

solution with lower water potential. Water potential is measured in units of pressure called

megapascals (MPa). If you turn on your kitchen or bathroom faucet full blast, the water pressure should

be between 0.2 and 0.3 MPa (30 to 45 psi).
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Water and Mineral Absorption
Most of the water absorbed by the plant comes in through the region of the root with root hairs (figures 4

and 5). Root hairs are extensions of root epidermal cells located just behind the tips of growing

roots.
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Once absorbed through root hairs, water and minerals must move across cell layers until they reach the

vascular tissues; water and dissolved ions then enter the xylem and move throughout the plant.
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Water evaporating from the leaves through the stomata causes additional water to move upward

in the xylem and also to enter the plant through the roots. Water potential drops substantially in

the leaves due to transpiration.
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Mineral ion concentration in the soil water is usually much lower than it is in the plant. Minerals

are often taken up by root cells via active transport across the endodermis to increase the solute

concentration in the stele. The plasma membranes of endodermal cells contain a variety of protein

transport channels, through which proton pumps transport specific ions against even larger

concentration gradients (figure 1). Once inside the vascular stele, the ions, which are plant nutrients, are

transported via the xylem throughout the plant.
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Figure (4): Water potential is higher in soil and roots than at the shoot tip.
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Figure (5): Water and minerals move into roots in regions rich with root hairs.

Three transport routes exist through cells

Water and minerals can follow three pathways to the vascular tissue of the root (figure 6):

- The apoplast route includes movement through the cell walls and the space between cells.

Transport through the apoplast avoids membrane transport.

- The symplast route is the continuum of cytoplasm between cells connected by

plasmodesmata.

- Thetransmembrane route involves membrane transport between cells and also across the

membranes of vacuoles within cells. This route permits each cell the greatest amount of

control over what substances enter and leave.

These three routes are not exclusive, and molecules can change pathways at any time, until reaching the

endodermis of the root.
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Figure (6): Transport routes between cells.

The pathways of mineral transport in roots

Minerals are absorbed at the surface of the root. In passing through the cortex, they must either follow

the cell walls and the spaces between them or go directly through the plasma membranes and the

protoplasts of the cells, passing from one cell to the next by way of the plasmodesmata. When they

reach the endodermis, however, their further passage through the cell walls is blocked by the

Casparian strips, and they must pass through the membrane and protoplast of an endodermal cell

before they can reach the xylem (figure 7).
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Endodermal cell

Figure (7): The pathways of mineral transport in roots.
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When we are talking about transport of water and other molecules in plants we have to distinguish

between two terms:
ionedlias O teedd! Lide e liladl § 6,391 cliosadly el a5 (e Siamss Loie

1. Transpiration: is the process of water movement through a plant and its evaporation from

leaves.
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2. Translocation: is the movement of sugar from leaves to other tissues throughout the plant.
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The points of sugar delivery

The points of sugar delivery such as roots, young shoots, and developing seeds, are called sinks.

Sadl aa3g5 bolas

oo il Sl Al Hddlg 8 aduall eclndly yodadl Jin Sl aies blds (oud

Sinks are divided intwo:

1. Areas of active growth like:

- Apical and lateral meristems.

- Developing leaves.

- Flowers, seeds, and fruits.

2. Areas of sugar storage like:

- Roots, tubers and bulbs.
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How does sugar move from source to sink?

* Pressure-flow hypothesis (figure 8):
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1. High concentration of sugar at the source draws water into the phloem from the adjacent xylem.
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2. This creates a high pressure potential in the phloem.
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3. The high pressure drives movement of sugars from source to sink.
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4. Removal of the sugar causes water to leave the phloem and return to the xylem.
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Figure (8): Pressure-flow hypothesis.

Transport pathways in sugar translocation into the cell

1. Diffusion.

2. Proton pumps (activ transporter): use energy from ATP.

3. Co-transporters.
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® Co-transporters:
are channels that perform a type of secondary active transport. They move two molecules at the
same time: one molecule is transported along its concentration gradient, which releases energy
that is used to transport the other molecule against its concentration gradient.
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They are divided (figure 9) into:

1. Symporters: are a type of co-transporter that transports two molecules in the same direction;

both into the cell, or both out of the cell.

2. Antiporters; are a type of co-transporter that transports two molecules in opposite directions;

one into the cell, and the other out of the cell.
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Figure (9): Co-transporters.

End of lecture
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