342 Plant Physiology and Developrment

Soil water patential generally varies from -0.01 to —0.1 MPa. 1 MPa equals 10 bar or ~9.9 atm. The ws
is used to describe the direction of the movement of water. Water molecules diffuse from the hfahar‘ -

to the lower water potential. For example, if a plant cell is immersed in a solution that has a W‘Qher::gr
than the cell, water will move. inta the cell. 7 =

Components of water potential -"E!"
The water potential (v, the Greek letter psi) of a solution is the sum of four compenent potentials: e Vl!ﬁg;ﬂ 4
(wg), matric (v, ), osmotic (y.) and pressure (\;rp). .

W= e+ ok Yo T Wi

Osmotic potential: It is also called solute potential. 1t represents the effect of dissalved solutes on water potentia, I
Pure water at atmospheric pressure has a solute potential of zero. Addition of solutes reduces the free ENnergy I
of water, After addition, the solutes bind water molecules reducing the number of free water molecules and
lowering the capacity of water to move and do work. Thus, adding solutes always lowers water potential, The
solute potential depends on the concentration of dissolved solutes in the water and is independent of the specific
nature of the solute.

Pressure potential: The pressure potential is the effect of hydrostatic pressure on the potential energy of &
solution. If a pressure greater than atmospheric pressure is applied to pure water or a solution, its water potential 1
increases. It can be positive or negative relative to the atmospheric pressure. Positive pressures raise the water
potential; negative pressures reduce it. The positive value of pressure potential within cells is referred to as
turgor pressure. The value of pressure potential is usually positive, but can also be negative as is the casein

the xylem under large tension (negative hydrostatic pressure). The value of pressure potential for pure water

in an open beaker is 0 MPa.

Gravitational potential: Gravitational potential depends on the position of water in a gravitational field. It is the :
effect of height of a system above sea level. Its value is 0 MPa at sea |evel. Gravitational potential depends on the i
height of water above sea level and the acceleration due to gravity. Thus, raising a system vertically 10 meires
will increase its water potential energy by 0.1 MPa. At the cell level, value of gravitational potential is negligitie
compared to pressure potential and solute potential, so it is generally omitted. i
Matric potential: It depends on the adsorptive forces that bind water to a dry matrix. It manifests the tenadity with
which water is held by the dry matrix.

As the matric potential is very much limited in living cells and also at cell level, value of gravitational potential
negligible, the water potential expression simplifies to:

Y= s *

Example

Let us take, a flaccid plant cell {i.e, a cell with no turgor pressure) which has an osmaotic potential (y.) of
Becausé the cell is flaccid, the internal pressure is the same as atmospheric pressure; so the pressure poten :
is 0 MPa and the water potential of the cell is =0.5 MPa. Now suppose, this cell is placed in the beaker :
sucrose solution-which has a water potential (y) of <0.2 MPa. This value s greater (less negative) than the

0.5 MPa.

potential of the cell (w =1=0.5 MPa); water will move frem the sucrose solution in to the cell (from hig ;
water potential).
As water enters the cell, the protoplast beings to press against thg cell wall. The wal{ fesists diaps
cqual but opposite inward pressure on protoplast. This increases the pressure potential (w,) of the ,, -
water potential Increases, and the difference between inside and outside water potential Is = -
- m"m potential increases enough to raise the cell water potential to the same value as teHEE
pree _.
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