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Effects of Salt Secretion on Psychrometric Determinations
of Water PoteiRtial of Cotton Leaves
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A bstract. Thermocouple psychrometers gave lower estimates of water potential of cotton
leaves 'than did a pressure chan-ber. This difference was considerable for turgid leaves, but
progressively decreased for leaves with lower water potentials and fell to zero at water
potentials below about -10 bars. The oonductivity of washings from cotton leaves removed
from the psychrometric equilibration chambers was related to the magnitude of -this disorepancy
in water potential, indicating that the discrepancy is due to salts on the leaf surface which
make the psychrometric estimates too low. This error, which may be as great as 400 to 500 %,
oannot be eliminated by washing the leaves because salts may be secreted during the equilibra-
tion period. Therefore, a thermocouple psyohrometer is not suitable for measuring the water
potential of cotton leaves when it is above about -10 bars.

The water potential of cotton leaves may be
surprisingly low when measured psychrometrically.
For leaves of well-watered plants, Lang and Barrs
('8) found values of -11.4 bars for cotton but -4.6
bars for pepper. Box (3), also using a thermo-
couple psychrometer, obtained values of -6 to -13
bars for cotton leaf tissue previously floated on
water. Other psychrometric data (6) indicate that
the water potential of cotton leaves is considerably
lower than that of pepper, trefoil, and sunflower.
The present report shows that psychrometric de-
terminations of water potential of cotton leaves are
spuriously low as a result of salts which are secreted
onto the leaf surface.

Materials and Methods

Leaves for this sttudy were taken from plants of
cotton (Gossypium barbadense L. var. Pima S-2)
and sunflower (Helianthus atnnuus L. var. Large
Grey) grown in Hoagland's solution in a greenhouse.
Generally, leaves were washed with distilled water
on the plant an hour or 2 before sampling. How-
ever, whenever excised leaves were left with the cut
petiole in water in a humid chamber overnight to
become turgid, they were wasihed immediately prior
to use. Two estimates of water potential were made
on the same leaf, first with a pressure chamber
(4, 10) and then with a Peltier-cooled thermocouple
psychrometer (2). Thermocouple outputs were
measured with an automatic scanning and recording
system i(Trickett and Barrs, in preparation). When
the leaf tissue was removed from the psychrometric
equilibration cham(bers, it was washed with 5 ml
distilled water and the electrical conductivity of this
water was determined.
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FIG. 1. Tihe time courses of psychrometric readings
of water potential for sunflower and for cotton leaves
enelosed in equilibrium chambers. t/maX and tji n are
described in the text.

Results
and Discussion

Figure 1 shows the time course of a typical
psychrometric determination of water potential for
a cotton leaf and a sunflower leaf. For cotton, a

maximum water potential (ix) was soon reached
and thereafter water potential fell continually; the
value at the end of the experiment is designated
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KLEPPER AND BARRS-ESTIMATES OF COTTON LEAF WATER POTENTIAL

*f1in. For the sunflower leaf, the estimate of water
potential did not change once qlmax had been attained.
Clearly cotton leaf tis,sue, unlike that of sunflower,
does not reach a stable maximal water potential.
Such behavior is unusual and has not previously
been reported. The attainment of equilibrium illus-
trated by the curve for sunflower is typical of a
wide range of species, e.g., tobacco, geranium, pep-
per, and rock-melon (2), and pea, and Tradescantia
(9). The form of the curve for cotton indicates
that some factor operates while the tissue is in the
chamber to prevent the attainment of a stable
equilibrium.

Leaf water potential may fall in species other
than cotton after the tissue has been enclosed in
psychrometric chambers for long periods (1, 2, 11).
However, this only occurs some time after a stable
equilibrium at 4'max has been reached and is accom-
panied by a reduction in respiration and obvious
deterioration of the tissue. The effect is brought
about by the reduction of oxygen concentration
below some critical level with consequent loss of
tissue semi-permeability and leakage of cell solutes.
This is unlikely to explain the decline in water
potential in cotton leaves since the decline occurs
very soon after the tissue is put into the chamber.
Also, there is no corresponding sudden drop in the
heat of respiration and the tissue appears green and
healthy when removed from the chamber. However,
visual examination of such tissue shows minute
droplets on its surface. Since Ehlig (5) reported
that the accumulation of salt on the surface of cotton
leaves caused spurious depressions in his psychro-
metric determinations of water potential, salt secre-

tion could be responsible for the failure to attain a

stable equilibrium in our experiments with this
species.

This possibility was tested by measuring the
conductivity of 5 ml washings from parallel sub-
samples of leaves of cotton and sunflower taken
after they had been in the psychrometer equilibration
chambers for various periods of time. The leaves
had been washed immediately before they were

placed in the chambers. If salt secretion were re-

sponsible for the decline in the estimates of cotton
leaf water potential, the conductivity of washings
should increase the longer the samples were held in
the chambers. Figure 2 shows that this happens
for cotton but not for sunflower, as would be ex-

pected since sunflower tissue reaches a stable
equilibrium water potential (fig 1). Therefore,
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FIG. 2. Conductivities of washings from sunflower

and cotton leaves at different times after enclosure in
psychrometric chambers. Tissue was washed immediately
prior to enclosure.

valid psychrometric estimates of cotton leaf water
potential cannot be made by washing the leaf the
day before sampling, as Ehlig (5) has suggested,
since significant salt secretion occurs while a cotton
leaf is in the equilibration chamber and water
potential estimates fall even though the leaf is
washed immediately before sampling (see fig 1).

The presence of salts on the surface of cotton
leaves was confirmed by chemical analysis. Excised
leaves were thoroughly washed and were put over-
night with their petioles in water in a humid cham-
ber. The next morning the leaf surfaces had become
obviously wet. The inorganic ions in this super-
ficial liquid were determined for a solution made by
washing each leaf in 5 ml distilled water. The
solution contained largely potassium and magnesium
bicarbonate (table I); the concentration of potassium
was especially high. Similarly very high concen-
trations of potassium and relatively high concentra-
tions of magnesium occur in guttation fluid (7).
However, the significant amounts of calcium found
in guttation fluid (7) were not found in the fluid
on the surface of cotton leaves. Sugars, which also
occur in guttation fluid, coulld have been present in
the cotton leaf secretion, but we did not test for
them. Of course, guttation fluid results from xylem
sap being pushed out of leaves by root pressure
whereas the fluid on cotton leaves presumably results
from the leakage of cell contents s-o that differences
in composition would be expected.

To assess the magnitude of the error caused by
salt secretion, estimates made with the psychrometers
(fmax) were compared with those made on the same
leaf with a pressure chamber (Och), where this error

Table I. The Major Inorganic Ions in the Liquid on the Surface of Cotton Leaves
Leaves were each washed with 5 ml of distilled water. The values given are concentrations of ions in the

washings.

Sample Concentration
no. K+ Mg2+ Ca2+ Na+ NH4 HC03 N1O3- Cl- HP042-

meq/l . .
1 3.3 1.0 ... 0.07 0.12 4.1 0.23 0.06 0.002
2 2.8 1.1 0.3 0.04 ... 5.4 ...
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FIG. 3. Comparison of cottoni leaf water potential
as measured psychrometrically (1nkax) anid x-ith pressure
clhamber ( ci,

wvould be absent. 4ax was used since this gives
the smallest psychrometric error. Figure 3 shows
reasonable agreement between CPinax and Pch at leaf
water potentials below about -10 bars, but lJmax
falls progressively below qICh at higher leaf water
potentials. A maximum difference of 4 to 5 bars
occurs for nearly turgid leaves havinig Icih values of
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Fi(;. 4. Relationship of the difference between cotton
leaf wvater potential measured after some hours in a

thermocouple psychrometer chamber (JJfin) and the po-
tential measured with a pressure chamber (JIch) to the
conductivity of washings obtained subsequently from
the leaves.

about -1 bar. Thus valid estimates of cottonl leaf
water potentials may be obtained with a thernmocouple
psychrometer only at water potentials below about
- 10 bars. As full turgor is approached, psychro-
nmetric values are increasingly depressed, the mliaxi-
mum error being about -5 bars at full turgor.

If salt secretion decreases psychromletric esti-
mlates of cottoni leaf water potential, the miiagilitude
of the error slhould be related to the amlount of salt
secreted. Figure 4 shows that large depressions of
wvater potential (Iflch -- 4ffil) are indeed associated
with hi glh conduictivity readings of washinigs fronm
the leaves (measured after frfn lhad been deter-
mined) and that small depressions are associated
with low conductivity readings.
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