
A more difficult challenge involves breaking down
those virtually inviolate barriers separating one kind
of scientific institution from another. Governmental,
university, and industrial laboratories exist side by
side, often performing related work, using similar
talents and sometimes serving identical masters. Yet,
in the way they see their function—despite the fact
that each is enormously dependent on the work of
the other—there seems so far to be little commonality
among them. The scientific disciplines are coming
to recognize their dependence on each other in a
truly symbiotic sense, but the various institutions that
house science have not quite reached that state. If
we are to concentrate maximum scientific resources
on the problems of our times, we must develop a new
way of articulating, and of using, all of the talents
we have at hand. Rather than wait and see what
ideas develop almost randomly at governmental, uni-
versity, and industrial laboratories, we have to build
deliberate bridges among these separate kinds of
institutions, bridges stronger and more lasting than
those interim ones we have used in the past.

The management experience of our antarctic
program has given us confidence that we can at-
tack those more difficult and complex societal prob-
lems. After all, if 12 nations can cooperate in re-
search, it should be only slightly more difficult to
get our departments—even one university labora-
tory and one industrial laboratory—to work together
on a single problem. To test this theory, NSF has
begun a program called Interdisciplinary Research
Relevant to the Problems of Our Society (IRRPOS).
In view of the complexity of societal problems, the
nation needs special efforts to encourage the for-
mation of interdisciplinary scientific research teams
that will study specific problems and provide data
that may lead to their resolution.

The scope of the problem may require the com-
bined efforts of physical, biological, engineering, and
social scientists as well as contributions from non-
scientists and other experienced practitioners or
professional personnel. An approach similar to
IRRPOS could lead to improved technological as-
sessment and mechanisms to meet emerging prob-
lems through a new kind of problem-oriented re-
search center, combining the talents and resources of
the social, the life, and the physical sciences.

On a global scale, the problems of technological
assessment in the developed countries and techno-
logical assistance to the underdeveloped countries
are major issues of our time. Historically, these have
not been normal concerns of NSF. But these are
not normal times, and the Foundation must be con-
cerned.

Reversible Freezing
in Subantarctic Plant Tissue:

R/V Hero Cruise 70_4*

From July 9 to September 5, 1970, R/V Hero
operated in the Chilean archipelago on a cruise that
began at Talcahuano and ended at Punta Arenas.
In addition to providing access to the rain forests
of southern Chile to collect plants, Hero served as a
floating laboratory for the experiments described in
this article.

Participants were Dr. Harold T. Hammel and Mr.
James Maggert, Scripps Institution of Oceanography;
Dr. Fred T. Caldwell, University of Arkansas; Dr.
Frits W. Went, University of Nevada; Mr. Mel Tyree,
University of Cambridge, U.K., Mr. Oscar Parra,
University of Concepción, Chile; and Messrs. Ed-
mundo Pisano and Brent Markham of the Instituto
de la Patagonia, Chile.

Investigations during the cruise were directed to-
ward explaining how a plant can move water up
through the frostline and how the water moves across
the cell membrane during freezing.

Before a supercooled twig freezes, the chemical
potential of the water in the xylem and in the walls
surrounding the cells is the same as the chemical po-
tential of the solution in the cells, and no water
moves across the cell membranes. When ice begins
to form in the water outside the cell membranes,
the chemical potential of the ice is less than that of
the cell solution at the same temperature, and
water begins to move outside the cell, where it
freezes. The driving force for the efflux of water is
the difference between the chemical potential of the
ice outside and the solution inside the cells. The
efflux is proportional to the driving force times the
surface area of the cells. The proportionality constant
is defined as the hydraulic permeability of the cell
membrane. The objective of the study was to de-
termine this characteristic of the cell membrane.

To measure the permeability, a twig was enclosed
in a calorimeter and supercooled to about –3°C.
After the calorimeter had achieved a constant tem-
perature (-3°C.), a squirt of liquid freon was passed
through a thermode inserted into the end of the
stem to freeze the xylem sap of the stem. As the
water froze, its heat of fusion was measured by the
calorimeter, and the temperature of the twig was
measured by a thermocouple in the stem and by
two thermocouples on leaves in the middle and at the

*Prepared from a report by Harold T. Hammel, Scripps
Institution of Oceanography, senior scientist on Cruise 70-4.
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end of the twig. From the heat released by freezing
to the calorimeter, the total amount of water frozen
at any time and the rate the water froze as a func-
tion of time were computed. Placing the rewarmed
twig in a pressure chamber enabled determination of
the water potential in the xylem and in the cells as
a function of the volume of water pressed from the
cells. Combining this relationship between water
potential and volume of water expressed (inverse
pressure versus volume expressed) with the knowl-
edge obtained from the freezing curve of the calo-
rimeter gave the hydraulic permeability. For this de-
termination, the rate of efflux at any time from the
cells was calculated from the rate of freezing. The
chemical potential of the ice was known from the
temperature of the leaves, and the chemical potential
of the cell solution was calculated from the amount
of water frozen out at any time and from the curve
of inverse pressure versus volume. The difference in
chemical potentials across the membrane equalled the
driving force. The efflux was plotted as a function
of driving force as water froze out of the cell. The
lope of this curve is the hydraulic permeability times

the surface area of the cells.
The results (see table) on freezing twigs from nine

species of woody plants indicated that some species
had two cell populations, one with a low and one
with a high membrane permeability to water. The
plot of the efflux of water versus driving force gave
a curve with two slopes, a steep one for the high-
permeability cells and a low one for the low-permea-
bility cells. The values of hydraulic permeability ob-
tained for these species by the freezing method
ranged from 0.1 to 1.3X10- 13 cm3 sec-1 bar-' cm-2.
The highest value is about the same as that reported
for the beet root, and it is about 1/1000 the value for
Nitella.

Hydraulic permeability of membrane complex of leaf
nd stem cells of 20- to 50-gram twigs of some winter-

hardened trees and shrubs from the southern Chilean
I	 rain forests.

Permeability
/ cm 3

\ sec bar cm

Species	 High	Low

Chiliotrichum diffusum	 1.27	 0.20
Iilgerodendron uvif era	 0.92	 026
Podocarpus nubigenus	 0.073
Pernettya macronata	 0.33	 0.19
Nothofagus betuloides	 0.22
Pseudopanax valdiviensis	 0.096
Embothrium coccineum	 0.58
Nothofagus antarctica	 0.29
Haplopappus sp	 0.13

Eltanin Cruise 45

LAWRENCE A. FRAKES*
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Cruise 45 of the research vessel USNS Eltanin was
made to investigate marine geology and geophysics,
physical oceanography, and meteorology in the south-
ern oceans between Western Australia and Wilkes
Land. The emphasis of the cruise was on sediment
coring, with a view toward obtaining materials of
considerable age for study of paleoclimatology and
paleo-oceanography. A total of 93 cores was taken on
102 tries for a recovery of 727.61 m. Twenty-five
scientists and support personnel, in addition to the
ship's crew, participated in the 6,463-mile cruise.

The cruise began at Fremantle, Australia, on
September 9, 1970. The ship cruised northwest to

*U . S . Antarctic Research Program Representative, Eltanin
Cruise 45.

Track of Eltanin Cruise 45.
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