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Chinese scientists were the first
to introduce the water potential concept into plant physiology

LIU Ji-Xing"
Institute of Theoretical Physics Chinese Academy of Sciences Beijing 100080 China

Abstract The great contribution to plant physiology made by two Chinese scientists P. S. Tang and J. S.
Wang in 1941 is recalled. Their pioneering paper " Thermodynamic formulation of water relation in an isolated
living cell" was the first in the world to propose the water potential concept more than 20 years earlier than wes-
tern scientists but this contribution was ignored and forgotten for over 40 years. The main ideas of their paper

the historical background under which it was written its subsequent neglect and the lessons we should draw from
its fate are analyzed.

Key words water potential water relation of plant cell thermodynamics

Biological Abstracts 1942 16 2758 *° .

19490 8 9 Jour-
nal of Physical Chemistry
40 1984
Newsletter of American Society of Plant Physiology
’ Plant Cell and Environment
Thermodynamic formulation of water ’
relation in an isolated living cell. 1941
1941 45 2 ] #2002 -10 - 14 2003 -04 -01
1. t  E-mail 1jx@ itp. ac. cn

32 2003 6 - 403



WALER XELATIONS TN PLANT CELLS 443
3. The dehydrating catalysts, alumina and thovis, are efiective active- Thermodynamlc
tors of ecopper for the hydrogenstion of benzene; this wouid not be pre-
dicted from Medsforth’s explanstion of promoater setion.

formulation of water relation in an isolated living cell
The authors express their thanks to Mr. W, J. Cerveny for much of the
experimenial work, and to Dr. W. C. Pierce, of the University of Chieago, 1 94]
for the speciroscopic anelyses of the copper—chromie and copper—eluming
series. ¢ 1
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The simple csmometer concept has been applied with advantage 1o
atudies on permeability to water in animal cells {7) and to studies on the
water relations in plant cells {9). Alt.hough the concept has proved
useful for the ed, the iguity srising from the use
of the terms “turgor pressure,” “suction pressure,” “wall pressure,?
“osmotic pressure,” etc. (¢f. 8) in the analysis of the water relations in
plant cells indicates that the water relations of lving cells may perhapsbe “
treeted with more lucidity in other ways. In this account an analysia
of the movement of water through an isclated living cell is made with the
aid of certain relations in thermodynamies,

We shall conslder an isolated sphennal vacuolated plant cell which has

been pl lyzed until the p mass 35 detached from the cell
Correspondence
”
\~ CARIY DISCUSSION OF CELL WATER  either did not see it or did not undersiand it .

RELATIONS IN  THERMODYNAMIC TER-
AINOLOGY.

Lanly in the 20th century plant physiologisis began
1o 1ealize that water movement in #nd out of plant
is not controlled by differences it osmotic
“rmsire, but by differences in what was variously
.crmed suction force, suction tension, net osmotic
pressute, hydrawre, ‘or finafly, diffusion pressure
lcicit (Meyer, 1938). None of these ierms had a
.atistaetory scientific basis in physical chemistry or
:hermodynamics. The need for a more soundly based
‘erminology was recognized by a few plant scientists
who inroduced lerms such as specific free energy
([dJe(sen 1941}, net influx free energy (Broyer,

1347}, and finally the term water pammml

According Lo Weatherley (1951) and Owen
5%), the lerm water porential was first used by

. K. Schoficld during the discussion st a mesting on

\wuter movement in plants spansored by the Faraday
Socicty at Rothamsied in 1949. The term came into
-increased use after = paper by Slatyer 2ad Taylor
cared in Narure ir: 1960, apparently stimuliied by
discussiors &1 & symposiwm in Madrd in 1959
(Milthorpe, 1960). However, use of the term
powntial had been proposed much earlier by Tang &
Wzng {1941) in an overlocked paper entilled, A
thermodynamic farmulation of water relations in a

However, there also was an abstract o Biological
Aabstracts, 16, 2758 (1942). Apparenily the paper by
Tang ard Weng was so far abead of its time that
plant physiologists did nol appreciate it. [ any svent
it is ihe earliest treaunent of czil water relations in
thermodynamic terminology of which the author is
awere, and much berter than amy other con-
\emporary paper on cell waier refations.

1 hope this note will make amends lo some degree
for our long negiect of Tang and Wang’s pioneer
paper on the thermodynemics of cell water relations.

There probably are many other instamces of
ignorance or neglect of earlier observations.
According to Sheriff (1979} it was observed s early
as 1568 that guard celis respond to the humidity of
the air and in 1898 Darwin observed stomalal
closure when plants were moved fram humid 10 dry
air, However, it was not until the 1970's that direct
response of guard celis Lo humidity was fourd 10 be
of common occurrence. Plasmodesmala have been
known for over a century {Tzngl. 1879) und in 1867
Pleffer siated thar they must funcion in the
transporl of materizls and stimuli from cell to cell.
However. it is only during the last two decades that
much auention has been given to their physiological
importance (Gunning & Robards, 1976).

1t appears that ever the besi of idees are not
accepied by the scientific public uniil the inteliectual

“ving cell’. This paper developed a
wzattacni of water movement in terms of is
chemical potential inside and ourside of we ceil. It
was pointed out that water will emer cells if it
potential is greater oulside than inside or mave owt
of cells if the potential is greater inside than ouside,
and that osmotic equilibrium occurs when the
chemical potential of water is equal inside and
outside. It also was siated that the difference between
the chemical potentials of water inside and ouside of
cells corresponds to what was then termed “suction
force’, suction pressure’, or “diffusion pressure
deficit’, The witers stated that onz measure of the
chemical poientia) of water in a solution is the
partial vapour prassure of warer in equilibrium with
the solytion. This principle is widely wsed 10day in
T pressure osmometers and thermocouple
romeiess 10 measure wates potential

In retrospect, it scems strange that the Tang and
Wang paper was not cited in any of the contem-
porary papers dealing with the terminology of water
relations, because it contained all the clements of a
modern thermodynamic treatment of the 1apic,
Perhaps this was because it was published in &
Journal seldom read by plant physiologists. and these
who undersiood it werc not interested in water
relations while those interested in celf water relitions

climale is Plant scientisis were not rex
for the potential terminology in 1941 or even in 1951,
but they accepied it in the 1960s.

P.J. Kramer

Department of Botany

uke University

Durham NC 27706, U.S.A.
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