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Summiary. Althotigh root pressuire and guttation presuimably result from a high
concentration of salt in the root xylem, the guttation flulid is very diluite. Measure-
ments of the osmotic potential of the guttation liqtuid and of exuidates at various
levels in guttating plants indicate that salt is removed from the xylem in the
upper part of plants, particuilarly in the leaves. The concentration of salt solutions
forced through individual leaves by an artificial root pressuire has no influence on
the osmotic potential of the guittation fluid. This suiggests that leaves play an
important role in removing salt from the xylem of gtuttating plants.

It is generally agreed that guittation is cauised
by root pressulre (2) and that root pressuire occurs
because the acculmuilation of salt in the root xylem
cauises osmotic uptake of water and development of
hydrostatic pressure in the xylem sap (10). Al-
thouigh the development of root pressuire depends
on the accumulation of salt in the root xylem, the
salt concentration of the liquid produced by guitta-
tion is very low. For example, Eaton (4) found
the guttation liquiid from leaves of tomato plants
to have an osmotic potential higher than -1 bar
while the exudate from stem sttumps near the
soil level had an osmotic potential of -1.5 to
-2.4 bars. Eaton attribtuted this decrease to re-
moval of salt from the ascending sap stream as
it passes up the stem. However, no direct meas-
urements of the osmotic potential at various levels
in the plant have been made to determine how
much salt is removed in the stems and how much
in the leaves. The possibility of measuiring the
osmotic potential of samples as small as 3 1l with
a modified Richards and Ogata psychrometer (3)
made it feasible to measure the osmotic potential
of single drops of extudate.

The first experiments were performed on 1-
month-old tomato plants (Lycopersicon esculentum1n
Mill. var. Manalutcie) growing in soil. The leaves
were rinsed with water to remove suirface con-
taminants and kept overnight in a dark moist
chamber. In the morning samples were taken of
the guttation fluid, of the exudate from the distal
ends of petioles from which the leaf blades had
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been removed, and then of exudate from the main
stem cut at variouis levels. Since guittation did
not begin tntil 1 or 2 hours before sampling, little
change in concentration of the guttation fluid could
have occulrred as a result of water exchange with
the humid air. Cult surfaces were blotted before
sampling to reduice contamination from cuit cells.
Table I shows the results from 1 of the 4 plants
sampled. The relative values are similar for the
other 3 plants, but the absolute values and position
in the plants differed so much that averages are
not meaningfuil. These results show that the os-
motic potential of the xylem sap at the end of the
petiole is mulch lower than that of the guttation
fluiid at the leaf margins. This indicates that a
considerable amoutnt of salt is removed from the
xvlem sap as it passes throuigh the leaves. Similar
resuilts were obtained with pepper plants (Capsicum
frutescens L. var. California Wonder). It is not
surprising that the leaf cells remove salt from the
xylem sap in view of the observation by Smith and
Epstein (9) that leaf discs accumulate salt. There
is generally a measturable gradient of increasing
osmotic potential in the vpper part of the stem
which cauises the osmotic potential of the exuidates
from the petioles of upper leaves to be higher.

A method was devised to prodtuce pressuire in
the xylem of detached leaves in order to stuidy the
effects of xylem sap concentration and pressure on
the concentration of artificially-produiced guittation
fluiid. The leaf petiole was inserted throuigh the
seal in a pressuire chamber similar to that uised
by Scholander et al. (8) with the cuit end immersed
in a beaker containing water or any desired soluition.
The leaf blade could be kept in a dark moist chamber
or exposed to light and air, according to the needs
of a particullar experiment.
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In experiments wvith pepper leaves, a pressure
of 0.1 to 0.2 bar for 0.5 to 2 houirs catusedl gulttation
resembling that of intact plants. However, a
pressuire to 0.3 to 0.4 bar catise(l abnormal iinjection
of the base of the leaf blades, withouit normal
gtittatioin. In sharp cointrast to pepper leaves, a
pressulre of 2.0 bars for 2 houirs or of 1.0 bar for
4 houirs was required to prodluice guittation from a
branch of white pine (Piniuis strobits L.) abotit
10 cm in length. A high resistance to water flow
throuigh the xylem probably explains why guittation
is Inever seenl in pine. This artificially-induced
guttation (fig 1) probably is the first observation
of this pheinomenoni in pinie. Pressures from 0.2
to 1.0 bar applied to the base of the stem of pepper
plants catusedl normal gtuttation from the leaves;
a pressuire of 1.5 or 2.0 bars resuilted in rapid gtutta-
tion from nodes and from cracks in the stem and
petioles and in abnormal injection of the center of
leaves. O'Leary (6) fouind that pressuires of less
than 1.0 bar produiced normal gulttation in several
species.

This method was uisedl for fuirther sttudy of
gtuttation in pepper leaves. After leaves had been
(letached tunder water, the cuit end(s were immersed
in Hoagland's soltitions (5) of various concentra-
tions and allowed to transpire for 2 hours so that
the xylem sap presumably was replaced by the solui-
tions. They were then placed in a humid dark

chamber overnight. The petioles were seale(d in
the pressture chamber the next morniing and suh-
jected to a pressuire of 0.2 bar. To meastire the
osmotic potential of soltutions entering and( leaving
the leaf, samples of the gtittated fltid were collected,
the leaf blade was excised and petiole exuidate was
collecte(l. Leaf tisstue was sampled from near the
midvein and along the margin, anidI water potentials
an(I osnmotic potentials were measture(d in a Richards
anld( Ogata psychrometer (7) aindl correcte(d for
tissule respiratioin (1 ). Similar measuiremenits were
made oIn coIntrol leaves not stubjectedl to pressture.

The resuilts (table II) indlicate that both the
petiole and the leaf blade removed salt from the
xylem sap except at very low conceintratioins of
intro(luce(l solurtioin. The osmotic potential of the
petiole exuidate tended to decrease with increase in
conceintratioin of the soltutioni suippliedI to the leaf,
but the coinceintratioin of the gulttatioIn fluii(d and
the water potential of the leaf tissuie were Inot
affectedl by the concenitration. Neither is there a
clear (liffereince between the osmotic poteintial of
th' conitrols and( that of the leaves suibjecte(d to
pressture, althouigh the dlata suiggest a slight increase
at the margin, possibly cauised by dliluition in the
infiltrate(d tissuie. However, water potential at the
margiin of the leaves subjected to pressuire was as
muich as 1.0 bar higher than that of the controls,
douibtless the resutlt of infiltration in this area.

Table I. Tlit, Osmtotic Potentials (OP) of Stem and P'etiolc Exudates and of Guttation Flutid at Various Levels
in the Stem of a Tomato Plant

After samplinig the guttation fluid, leaf blades were removed for sanmpling of petiolar exudate, and finally suic-
cessive cuts were made below the base of 2 petioles for collecting stem exudate.

Distance above
soil level

(cmil)

21
20
17
13

OP of stem
extudate
(bars)

1l 25

-1.31

OP of
letiolar extidate

(bars')
-088

1.01
-1.35

OP of
gguttation liq(uid

(bars)

-0.09

-0.09
0.25

Table II. Osmtotic Potential (OP) of Petiole Exudate and Gutttation Fluid and the Osmotic Potential and Water
Potential of the Center and Marqin of Pepper Leaves

The various solutions were pushed through leaves with a pressure of 0.2 bar. All values are in bars.

OP of
leaf margini

Test Control

OP of
leaf center

Test Control

Water Potential
of leaf margin
Test Control

-0.27 -0 13
-0.25 -0.19

-0.40

-0.80 -0.61

-1.42 -0.63
1.42 -066

-0.18
0.25
0.12

-0.08
0.06

-0.32
-1 24 -0.23

0.84 -0.10

80
9.1

-87
9.3

-7.8
_9.2

7.1
83

-7.9
-89

-10.9 -86
-8.4

-9.4 -8
9* 9.3S

-7 7

-9.8

-8 1
-9.8

-7.0
-8.8

8.( - 8.4-9.9

OP of
introduced
soltutioln

OP of
petiole
extudate

OP of
gtittatiot

fluid

-0.K31

-1.86

_9.9 -0.9
1.2

-8.9 -0.8
-0.9

_7 7 o0.9
-0.9

-9.3 _1 1

-08.

1.9

2.0

1.5;

-1.7

-1.4
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FIG. 1. White pine shoot showing guttation with a pressure of 1.0 bar applied to the cut stem.
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