Water and Solute Transport



Water is the most crucial element for plant survival.

The practice of crop irrigation reflects the fact that water is a key factor limiting agricultural
productivity

10.0 -

8.0
=
©
Bl e
m  6.0F
E
©
o
> 40
=
o
U

208

| | | | | I
0 10 20 30 40 50 60

Water availability (number of days with
optimum water during growing period)

PLANT PHYSIOLOGY, Fourth Edition, Figure 3.1 © 2006 Sinauer Associates, Inc.

Corn yield as a function of water availability



Question: Why water is so important for plant?

1) Plants draw Carbon dioxide from the atmosphere for photosynthesis, but doing so expose then
water loss and dehydration.
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from leaf source

3) Only a small amount of the water is absorbed by roots actually remains in the plant to supply gt
(~2%) or to be used in photosynthesis (~1%).

4) A typical exchange ratio for a healthy plant in wedltered soil is thus on the order of 500 water
molecules lost for every G@olecule gained.

This unfavorable exchange along with the transpiration process explain why water play
such a key role in plant developmental process



Diagramof the water molecule

The water molecule has partial charges at each _
End. However, since they are equal, the water Net negative charge

: o
Molecule carries no net charge Agtrastin of hending

electrons to the oxygen
creates local negative
and positive partial charges

This separation of partial charges,

together with shape of the water molecule,
makes it a polar molecule, and the oppositg
partial charges between neighboring water
molecules tend to attract each other. o+ o+

The polarity of water makes it an excellent solvent. The versatility as a solvent is due in part to the
small size of water molecule and in part to its polar nature



Unit of pressure

Pressure is measured in a unit calfgbcalPa) or, more convenientlynegapascal@Mpa)

1 Mpa= 9.9 atmospheres

Pressure is equivalent to TABLE 3.1
a) force/unit area :
b) energy/unit volume

Comparison of units of pressure

1 atmosphere = 14.7 pounds per square inch
= 760 mm Hg (at sea level, 45° latitude)
= 1.013 bar
= 0.1013 MPa
= 11013 x 1{¥ P
A car tire is typically inflated to about 0.2 MPa.

The water pressure in home plumbing is typically
0.2-0.3 MPa.

The water pressure under 15 feet (5 m) of water is about
0.05 MPa.
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Water transport process

Water is transported from soil through the plant by two major processes:

1) Diffusion and 2) Bulk flow

Diffusion:

Diffusion is the movement of molecules by random thermal energy. During diffusion particles
moves from an area of high concentration to an area of low concentration in a given volume ©
(either liquid or gas) down the concentration gradient.
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C A Gifst@asv of diffusion:

In 1880, German scientist Adélickdiscovered that the rate of diffusion is directly proportional
to the concentration gradient
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Js The rate of transport

Ds Diffusion co efficient
NCs difference in concentration of substances
nx- between two points separated by the distance

C A Qifst@asv says that a substance will diffuse faster when the concentration gradient becomes
steeper , or the diffusion coefficient is increased



(A) (B)

0 0
' :
N |
| |
| |
C | (= |
O | (o) I
2 : 5 |
o
s i — 5 |
@ : Time O |
() | ] |
c I c I
Ol ________ o8 o :
) , )
sl |
——————————— [ |
| e e e e s A |
| |
' :
| K |
1 | ]
<«—— Distance Ax—— <«—— Distance Ax——

Diffusion is rapid over short distance but extremely slow over long distances



Bulk Flow

The second process by which water moves is known as bulk flow or mass flow.

Bulk flow is the concerted movement of groups of molecules en masse, most often in response
a pressure gradient
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The pressure driven bulk flow is responsible for long distance transport of water in the xylem
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Aguaporindorm water selective channels across the membrane. Because water diffuses much fast
through such channels than through a lijpityer aguaporindacilitate water movement into plant
cells. Althouglaquaporinamay alter the rate of water movement across the membrane, they do not
change the direction of the transport or the driving force for water movement.
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Physiological changes
due to dehydration:

Abscisic acid accumulation

Solute accumulation

Photosynthesis
Stomatal conductance
Protein synthesis

Wall synthesis

Cell expansion
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Soil water absorption by roots

Intimate contact between soil and root is essential for effective water absorption by the root

Leaf air spaces

Root hairs which are generated from epidermal cells, greatly ~_
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increase the surface area of the root and provides greater
Capacity for absorption of ions and water from the soill
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Water movement in roots

Water usually takes 3 pathways to move inside the root:

a) Apoplastigpathway. Theapoplastis the continuous system of cell walls, intercellular air spaces
In the apoplastigpathway water moves through cell walls and any water filled extra cellular space
without passing through the membrane, as it travels across the root cortex.

b) Symplastipathway:In the symplastigpathway, the water travels across the root cortex by pass
From one cell to the next via thBamsodesmataSo thesymplastcontains the entire network of cell
Cytoplasm interconnected lplasmodesmata

c) Transmembran@athway:Thetransmembranepathway is the route followed by water that
sequentially enters a cell on the one side, exits the cell on the other side and so on. Transport a
tonoplastmay also be involved in this process
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Xylem transport:

In most plants, xylem constitutes the longest part of the pathway of water transport. More tha
99.5% water transport pathway through the plant is within the xylem.

Because of the low resistivity of the xylem, it became a preferred path for transport

(A)

The xylem cells have specialized anatomy, which
helps them to transport large quantities of water
with great efficiency

They have two special types tohcheary
elements:tracheidsand vessel elements
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Water movement from the leaf to the atmosphere
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Water is pulled away from the
xylem into the cell walls of
mesophylicells, where it
evaporates into The air spaces
of the leaf.

The water vapor then exits the
leaf through thestomatalpore

Water moves along this pathway
predominantly by diffusion, so this
Water movement is controlled

by concentration gradient of vapor

Two major factors regulate the
water loss from the leaf:

a) Leafstomatalresistancer) and b)boundary layer resistanag)(



Thestomatalresistance can be regulated by opening and closing o$tivatalpore. This biological
control is exerted by a pair of specialized epidermal cells, the guard cells, which surround the

stomatalpore.

Guard cells

Guard cells can be found in leaves of all vascular plants. Depending on the morphology, guard
can be divided in to main groups:

a) Typical of grasses and few monocots

b) Typical ofdicots in many monocots

A

Cytosol and vacuole

Heavily thickened
guard cell wall

Guard cells

Subsidiary cell

Epidermal cell

In grasses, guard cells
have a characteristic
dumbbell shape, with
bulbous ends.

They are accompaniec
by subsidiary cells



In dicot plants and non grass monocots, the
guard cells are kidney shaped and have an
elepticalcontour with the pore at its center.
Subsidiary cells are often absent in this type

Stomatal pore Guard ce
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The cytoplasm of the plant cell is separated from the plant cell wall and the environment by the
plasma membrane. This membrane regulates a selective inward and outward movement of differer
lons and solutes to keep the inside cellular environment optimal for cellular machineries.

Molecular and ionic movement from one location to other is known as transport. Local transport o
solutes into or within cells is regulated mainly by membranes. There are two main types of transp

a) Passive transport: The spontaneous downhill movement of molecules is termed as passive trat
This system does not require any energy input until the equilibrium is reached. At equilik
no further net movement of solutes can occur without the input of energy.

b) Active transport. The movement of substances against or up a gradient of chemical potential is
as active transport. This is not a spontaneous process and needs cellular energy.

Biological transport can be driven by four major forces: concentration, hydrostatic pressure, grav
and electric fields.

Chemical potential for any solute is defined as the sum of concentration, hydrostatic pressure al
electric fields.






