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Terminology of
Cell-Water Relations
Abstract. Use of the term "water potential" in place of "diffusion pressure
deficit" would improve communication
between botanists and scientists in other fields because the concept of potential is familiar to most scientists.
Water potential, expressed as <]>w, is
the difference in free energy or chemical potential per unit molal volume between pure water and water in cells at
the same temperature. The potential of
pure water is set at zero; hence the potential of water in cells and solutions is
less than zero, or negative. The water
potential of a cell is numerically equal
to its diffusion pressure deficit, but has
a negative sign.
Communication in the field of plantand soil-water relations has been hindered by lack of a standardized terminology acceptable and meaningful to
all scientists in that field and in related
areas of the biological and physical sciences. Of the many available terms describing the water-absorbing capacity
of plants and the energy status of water in plants and soils, water potential
seems most satisfactory because it is
consistent with modern concepts of
thermodynamics. It is hoped that an
explanation of the derivation of the
term water potential and of its relationship to other terms currently in
wide use will hasten its acceptance
as the basis for a standard terminology
in plant- and soil-water relations.
Among the numerous terms introduced by botanists to describe the freeenergy status of water in cells and
plant tissue are suction force, water
absorbing power, Hydratur, "and diffusion pressure deficit. Only the term
diffusion
pressure deficit (DPD) attained wide usage in the United States.
Meyer (1-3) stated that the DPD of,
a cell or tissue can be regarded as a
measure of the pressure with which water will diffuse into it if the cell or tissue
is immersed in pure water. The DPD
terminology has been useful for many
years, but, as pointed out by Slatyer
and Taylor (4), the time has come
when it should be abandoned in favor
of the more basic terminology used in
physical chemistry and thermodynamics.
The term diffusion pressure is rarely
used today in physical sciences.
Water potential refers to the same
property of water as DPD, but is a
more meaningful name for it. The
term potential is widely used in the

physical sciences and in soil science
and is familiar to workers in many
fields. Furthermore, use of the water
potential terminology encourages isolation and evaluation of the various components, osmotic, matric, and pressure,
which affect the total potential of water in various parts of the system.
To explain the concept of potential,
we will start with the general concept
of free energy, or Gibbs free energy.
The "free energy" in a system is an
expression of the capacity of the system or a component of the system to
do work. The free energy of a substance depends on the mean free energy
per particle and on the concentration
of particles, that is, the mole fraction
of the substance under consideration.
The free energy of water in a system
can be expressed as the chemical potential of the water, which is equal to
its partial molal Gibbs free energy.
The net potential of the water in
the system (//.,,.) is equal to the chemical potential of pure, free water
(/A,,,0) adjusted for the effects of those
forces in the system which change its
chemical potential. If the effects of these
forces are expressed through their influence on vapor pressure, the chemical potential of water in the system may
be described as the-algebraic sum of
the components of
nw = n,,° + RT In' e/e"
(1)
where R = the ideal gas constant
(erg/mole per degree), T = the absolute temperature (degrees K), e =
the vapor pressure of water in the system at temperature T, and e° = the
vapor pressure of pure free water at
the same temperature. The units of
RT In e/e° are thus: (erg/mole per
degree) X (degrees), or erg/mole, the
same as those of /j.w and /j.,c°.
Absolute values of chemical potential are not easily measured, but differences in chemical potential can be
measured. The standard reference from
which to measure the difference conventionally is taken to be the chemical potential of pure free water. Hence,
Eq. 1 becomes
A4» — /*,„" = RT In e/e"
(2)
When ele" is less than 1, In e/e°
is a negative number, hence the potential of the system is less than that
of pure free water and is expressed as
a negative number.
The expression of chemical potential in energy units, that is, ergs per
mole, is inconvenient in discussion of
cell-water relations. In cells we ordi-

narily deal with pressures, namely
osmotic pressures and turgor pressures. Consequently, it is more convenient to convert from energy units to
pressure units by dividing both sides
of Eq. 2 by the partial molal volume
of water, Vw, as follows:
RTln e/e°
V,,
The units of Eq. 3 are:

(3)

erg/mole _ erg _ dyne/cm
cm'Vmole
cm3
cm3 = dyne/cm"
Dynes per square centimeter are more
conveniently expressed as bars or atmospheres, which are related as
follows: 1 bar = 0.987 atm = 10°
dyne/cm 2 or erg/cm 3 .
By definition, Eq. 3 describes the
water potential, designated by the symbol *w, of a system. Thus,
RT In e/e°

(4)

This equation indicates that *,„ is
equivalent to the difference in free energy per unit molal volume of water between water in the system and pure free
water, and is related to the vapor pressures of water in the system and of
pure water at the reference temperature.
The potential of water in a,ny system
is affected by factors which change the
free energy or chemical activity of
water molecules. Water potential is decreased by the addition of solutes, by
matric forces which adsorb or bind
water, by negative pressures such as
those in the xylem of transpiring plants,
and by reduction in temperature; the potential is increased by the wall pressure of partly or fully turgid cells and
by increase in temperature.
For a plant cell under isothermal
conditions, we can summarize the above
factors as follows:
"I'ooll =

+ *„ + *,„

(5)

where <Sfccn is the water potential of
the cell, and the other terms express
the contributions to *(.ell by solutes
(*„), pressure (*p), and matric forces
(*,„)• *s and *»i are negative, ^ expressing the effect of solutes in the cell
solution, and *„, the effect of waterbinding colloids and surfaces in the.
cell, *fr.p is positive unless there is a
negative wall pressure, a rare occurrence. The sum of the three terms is
a negative number except in fully turgid
cells, when it becomes zero.
Except in very dry tissue or in cells

with small vacuoles, ^m is small relative to *p and *s. If we disregard
»!',„, Eq. 5 becomes:

= *. +

(6)

It will be recalled that DPD was defined by Meyer (2) as:
DPD = OP — TP

(7)

To compare the terms of Eq. 6 and
Eq. 7, we express the potentials in
Eq. 6 as their algebraically equivalent
pressures: <s?s = —OP, <i?p = TP,
and *,.,,„ = -(OP — TP). Thus, it can
be seen that *t.ell or fyw and DPD
are numerically equal but are opposite
in sign, that is,

thermometer. For example, — 5°C is a
higher temperature than — 10°C and
—5 bars is a higher potential than
-10 bars.
The potential terminology can be
applied to soil water. Total potential
of soil water includes: osmotic potential (*„), gravitational potential (tyg),
matric or capillary potential (*„,), and
potential caused by external gas pressure (*).
*.,„„ =

+ •*, + *,„ +

However, the total soil-moisture stress
of certain investigators (5) refers only
to the matric and osmotic forces,
hence:
*soll = *m + *, = — TSMS

= —DPD

(8)

The change from DPD to *S?W is
relatively simple except for the fact
that Vt'jo is a negative number and
must be thought of as becoming lower
with increasing water stress. Thus, water potential (tyu.) increases in magnitude but decreases in absolute value
(becomes more negative) as water stress
increases. The same situation occurs in
reading temperatures below zero on a

(9)

(10)

The total free energy level or water potential of plant tissue or soil
can be determined by measuring its
vapor pressure (6). Measurements made
on soil with pressure plates or pressure membranes indicate only the
matric or capillary potential (*,„) of
the soil water.
In summary, terms such as DPD
and vj>1(; are merely names applied for
convenience to the basic property of

water known as its chemical potential,
which is an expression of its free energy status. <Jrw can be regarded as a
measure of the driving force which
causes water to move into any system
(7), such as plant tissue or soil, or
from one part of the system to another.
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