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A Convenient Method for Determining the Effect
of Abscisic Acid on the Stomatal Aperture
of Rice (Oryza Sativa L.) by Feeding
Solution to the Leaf Tip
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Abstract : We established a convenient method for determining the effect of abscisic acid (ABA) solution on the
stomatal aperture in wilting-sensitive plants such as rice (Oryza staiva L.). Water or ABA solution in a small vial
was fed into a leaf tip under field conditions. Stomatal conductance was decreased by concentrations of ABA from
1073 to 10~® mol L-! three hours after application. The amount of solution fed into the plant depended on the
transpiration rate of the leaf. It was shown by the infiltration method that the stomata of an ABA-fed leaf closed
first at the leaf edge and progressively toward the midrib. This heterogeneous stomatal closing may cause variance
of stomatal conductance in the mid portion of the leaf in some cases. However if we can measure the stomatal
conductance of portions of the leaf nearer to the tip, it may be possible to detect the stomatal response sooner
and with less variation. We conclude that the assay method helps to define stomatal response to growth
substances such as ABA of plants which suffer drought or any stress.
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It is known that abscisic acid (ABA) solu-
tion or xylem sap exuded from the roots of a
plant under drought conditions reduces
stomatal conductance in various plant
species?. To distinguish whether the solution
or xylem sap directly affects the stomatal
conductance it is essential that the solution or
the xylem sap is assayed to leaves of well
watered plants and the stomatal responses is
observed®. There are several methods of ap-
plying solution to the plant ; immersing leaves
in solution, spraying the solution on leaves,
suction of solution from the base of a cut leaf
by the transpirational stream or injection with

a syringe et al.'>®. However, these methods
seem to be rejected or difficult for the follow-
ing reasons. Immersing leaves in solution poses
the problem of measuring the stomatal con-
ductance because porometory as a standard
method of measuring stomatal conductance is
impossible for leaf surface wetted by the solu-
tion. Moreover, direct measurements with a
microscope by using of the sump method is
difficult in Gramineae such as rice, since magni-
tude of change in stomata aperture is very
small®. Spraying solution on leaves wastes a
good deal of solution and porometory is impos-
sible just after spraying because the leaf sur-
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1. A vial attached to a rice leaf. The leaf tip
cut in distilled water was immersed in 1 ml
distilled water or abscisic acid (ABA) solution
in the vial, which was closed and held by a
rubber stopper. The vial was held on a steel

pipe.
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2. Stomatal conductance at various times in
non treated (@) and treated rice leaf (A)
in which the leaf tip was cut and immer-
sed in distilled water. Each set of data was
gathered from a single leaf.
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Fig. 3. Relationship between intake rate of the
distilled water from the vial by a leaf (S) and
transpiration rate (Tr) from the same leaf
during diurnal trend.

S=3.04 + 0.70Tr, r2=0.468 (P<0.01)
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Fig. 4. Stomatal conductance and stomatal aper-
ture by infiltration method at various times
after the treatments in controlled (@) and
treated (a)leaf by distilled water and 10-3
mol L~! ABA solution, respectively. Data

indicates means =+ standard error of
three observations. ¥ in the photograph
indicates the top edge of the vial on the
treated leaf.
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face is wet. Stomata may reflect responses to
condensed solution if porometory is postponed
after drying of the leaf surface. Suction of
solution from the base of a cut leaf fits the
assay to detect the effect of solution because
the solution is sucked by whole leaves and less
is wasted, and porometory or measurements of
transpiration rate can be done®. However rice
leaves seem to be very sensitive to water short-
age after leaf cutting ;the leaf blade wilted
and the stomata closed within a few minutes
after the leaf has been cut from a plant under
natural evaporative conditions, even if the
base of the leaf was immediately immersed in
distilled water. Injection of solution in leaves
wasted solution because it sometimes leaked
from the stem or leaf sheath, since rice has a
thin leaf sheath and stem wall. This method is
difficult for rice leaves unless a special tech-
nique for injection is developed.

Our objective was to obtain a more conve-
nient and sensitive method for measuring the
effect of the test solution on the stomatal
aperture in plant species such as rice, which
are very sensitive to water shortage under high
evaporative conditions. A method of feeding
solutions to leaf tip was tried as the bioassay
for stomata regulators such as abscisic acid.

Materials and Methods

Rice cultivar “Nipponbare” was grown in a
paddy field at the experimental farm of
Shimane University or in 4 L plastic pots.
Plants at flower initiation or early grain filling
were used to test the effects of ABA solutions.
A series of graduated strengths ABA solution
(103, 10~4, 10~¢ and 1078 mol L!) was made
from distilled water and S-ABA powder
(Kyowa Hakko co.). One mL of each solution
was put in a 1.5 mL volume plastic vial. A leaf
tip was cut in distilled water with scissors and
immediately immersed in the solution (Fig.
1.). This method is the same as that used for
N5 leaf feeding in wheat”. The stomatal
aperture on the abaxial side of the center of
the leaf was monitored with a steady state
porometer (LI-1600, Li-co co.). We used a
mixed solution of iso-butanol and ethylene
glycol for the infiltration method® to find the
location of stomatal closure in a leaf blade. A
leaf blade which had been fed with ABA
solution for several hours was cut from the
plant, immediately immersed in the infiltration

solution (solution number II) and photogra-
phed within one minute. All measurements
were done in sunny outdoor conditions.

Results

When about 1 cm of the leaf tip was cut and
immersed in distilled water, stomatal con-
ductance was reduced by 359 for a period of
ten minutes after the treatment, but recovered
to the same level as that of a non-treated
control leaf within fifteen minutes (Fig. 2).
The amount of solution taken up by a leaf
from the vial increased depending on the
transpiration rate (Fig. 3). We calculated that
about three percent of the transpired water
was taken up from the solution in the vial.

When 1073 mol L' ABA solution was
applied, stomatal conductance started to
decrease noticeably after thirteen minutes and
was reduced by 709 after 2h compared with
a control leaf given only distilled water (Fig.
4). It was observed that the stomata of the
ABA treated leaf started to close from the leaf
tip thirteen minutes after the treatment and
then proceeded to the center of the leaf.
Stomata at the edge of the leaf closed earling
than those on the mid-portion of the leaf
which were the same distance from the leaf
tip.

Stomatal conductance decreased depending
on the ABA content of the solution, although
the conductance at the start of the treatment
differed slightly between the leaves which were
tested and wvariations in hourly trends of
stomatal conductance were observed, such as
in the case of 107¢ mol L~! (Fig. 5). When
stomatal conductance was indicated as a rela-
tive value of the rate of the start of the treat-
ment, we found that stomatal apertures were
inhibited even by small amounts of ABA 3
hours after application (Figs. 5 and 6).
Decrease of stomatal conductance in the con-
trol leaf was due to reduction of solar radia-
tion.

Discussion

When we tried to apply the solution from
the base of cut rice leaves in an outdoor plot or
a growth cabinet such as wheat®, the leaves
wilted and stomata closed within about 15
minutes after cutting (data are not provided).
It was difficult to inject a constant amount of
solution into a leaf sheath with a syringe with
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Fig. 5. Absolute (a) and relative (9 start of the
treatment) (b) value of stomatal conductance
at various times in controlled (@), 1073
(m), 10~* (a), 1075 (O) and 10-% ()
mol L=! ABA treated leaf. Data indicate
means of three replicates. Error bar are
not shown for clarity of presentation.

a needle with 0.4 mm diameter because there
was a high flow resistance to the injection and
the solutions sometimes leaked from the side of
the needle. However, it is possible to apply
ABA solutions to rice leaves and observe
changes of stomatal conductance during long
intervals under high evaporative, natural light
conditions using this method.

Cutting the leaf tip seems to reduce stomatal
conductance at first, but the stomatal aperture
recovers completely ten minutes later. We
suggest that ABA solution moves depending
on the transpiration stream and on differences
in water potential between portions of a leaf
resulting from transpiration. Stomata at the
edge of the leaf may close earlier than those on
the mid-portion because ABA solution moves
easily from the vial to the edge depending on
a higher leaf water potential gradient between
the vial and the edge than the vial and the

Fig. 6. Effect of ABA on stomatal conductance
of absolute (a) and relative (9], start of the
treatment) (b) in leaves 3 hours after the
feeding from a leaf tip. Values are means +
standard error of three observations in (a).

mid-portion. And the amount of water taken
up by a leaf from the vial increased depending
on the transpiration rate. These results sug-
gested that the transpiration rate from leaves
affects the amount of solution fed from the
vial?. High transpiration rate may accelerate
suction of the solution and cause high
responses of stomatal conductance. Thus the
effect of solutions in stomatal conductance has
to be compared with control leaves fed water
or sap from non-treated plants under the same
environmental conditions as used in other
assay methods®>®. The method may give more
reliable results if the assay is done under stable
evaporative demand such as a growth cham-
ber having a constant high photon flux den-
sity over 1000 gmol cm? s7! which is needed
for stomatal opening of rice® and controlling
vapour deficit.

Stomata appear to respond to very low
amounts of ABA, since stomata closed after
contact with the solution even at low concen-
tration (107® mol L-!) and in solution in
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which only a small percentage of the transpira-
tion rate was ABA solution taken up from the
tip. Variation in stomatal conductance was
observed after treatments in some cases.
Stomata closing may not be uniform in the
middle of the leaf where stomatal conductance
was measured several hours later, since the
effect of ABA solution appears first at the edge
and progresses to the midrib of the leaf. A
small change in the portion of the leaf mea-
sured with a porometer may cause the varia-
tion. In addition we need to measure stomatal
conductance at least three hours after the start
of the treatment to establish the effects of the
solutions when the middle portion of the leaf is
measured. More hours may be needed for
stomata closure of a whole leaf although com-
plete stomata closure of the whole leaf need
not only be a gauge for the effect of the
solutions. However if we can measure the
stomatal conductance of those portions of the
leaf nearer to the tip, it may be possible to
detect the stomatal response sooner, and with
greater accuracy and less variation.

We conclude that the assay method helps to
define stomatal response to xylem sap or in-
hibitor solution such as abscisic acid of plants
which suffer drought or any stress using natu-
ral standing crops under outdoor or high
transpirational conditions.
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