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Abstract : Many water droplets adhere to the surface of a rice panicle located inside the protective sheath of
flag-leaf at the booting stage. Since the adhering water is formed by the exudation of liquid water from the plant,
we can expect that the amount of adhering water varies diurnally with the change of root pressure. To test this
hypothesis, we examined the amount of the adhering water and the bleeding sap from the cut surface of the stub
for 24 hours. Wetland rice cultivars, Akenohoshi and Ukonnishiki, were grown under submerged and water
-stressed soil conditions. The amount of adhering water changed diurnally in response to the potential evapo-
transpiration : the amount increased during the night and decreased during the day. A similar trend was also
found in bleeding rate, except under drought conditions where both bleeding and adhering water were negligible.
Furthermore, the adhering water increased proportionally with the increase of bleeding sap during the night.
Bleeding occurs when root pressure develops. These results suggest that the adhering water is formed through
the efflux of water under root pressure during the night, and is lost by transpiration during the day.
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Water droplets adhere to the surface of a
rice panicle located inside the protective
sheath of the flag-leaf*!®1V. The water of rice
pseud stem, in which the adhering water was
included, disappeared rapidly when plants
were exposed to a strong wind®. Since water is
lost by transpiration under such conditions,
we can assume that the water adhering on the
panicle surface decreases through transpira-
tion. If so, it must be derived from any water
movement other than transpiration.

The adhering water has been considered to
be derived from liquid water in the plant. In
rice the exudation of liquid water through
hydrathodes is called guttation?. Since gutta-
tion usually occurs when root pressure
develops, the formation of adhering water can
also be attributed to the development of root

* The outline of this paper was presented at the 196th
meeting of the Crop Science Society of Japan, Nagoya,
October, 1993.

** Present adress : Yokkaichi Nogei High School, Yokkai-
chi 510, Japan.

pressure.

We therfore expect that the amount of
adhering water on rice panicles at the booting
stage decreases with transpiration during the
day and increases through the efflux of water
under root pressure during the night. To test
this hypothesis, we examined the diurnal
changes in the amount of water adhering to
the panicle and the bleeding sap from the cut
surface of stubs in two wetland rice cultivars.

Materials and Methods

The study was conducted at the experimen-
tal paddy field at the Faculty of Bioresources,
Mie University in 1990. The soil was a sandy
loam. Land preparation consisted of soil flood-
ing followed by wet plowing and harrowing to
puddle the soil. N, P,O;, K,O 3 gm~2 were
each applied as commercial compound chemi-
cal fertilizer, being broadcasted and incorpo-
rated before transplanting. Wetland rice
cultivars, Akenohoshi and Ukonnishiki, were
used. On June 3 27-day old seedlings were
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transplanted with a space of 30 cm between
the center of the rows and 30 cm between hills.
One row consisted of the same cultivar and
the row direction was east to west.

Main treatments were two water regimes :
submerged soil and drought conditions. The
drought plot was located under a rain shelter
and neither flooded nor irrigated from July 10
(37 days after transplanting). Due to the
limited space at the rain shelter site, there was
only one main plot. Plot sizes were 15.5 m by
1.8 m for the submerged soil plot and 15.5 m
by 4.5 m for the drought plot. The depth of
flooded water was maintained at approximate-
ly 5 cm except for a drought period.

Leaf water potentials, and the amounts of
adhering water and bleeding sap were mea-
sured when plants were at the booting stage of
development. Three sets of measurments were
made on the same stems at intervals of three
hours from 1500 h on August 14. Within each
plot, each of the measurments were obtained
on triplicate randomly-selected plants using
the most developed stem whose panicle was
located inside the flag-leaf sheath.

Leaf water potential measurements were
made on flag-leaves with a pressure chamber
by standard procedures. Sample leaves were
covered with plastic bags just before cutting at
the leaf base to prevent water loss during
preparing and reading.

The amount of water droplets adhering to
the young panicle was determined by follow-
ing procedures. The stems, which were sub-
jected to pressure chamber measurements,
were used. The stems cut at the internode just
below the flag-leaf node were placed in plastic
bags. The stems being a spindle like shape
were brought into the laboratory and weighed.
The weight of a sample (S mg) in a plastic bag
consisted of the fresh weight of a young pani-
cle (YP mg) and a flag-leaf sheath (LS mg),
including a flag-leaf node and a tiny internode
of the panicle, and the weight of adhering
water (AD mg) as shown in the following :

S=YP+LS+AD (1)

The stems were taken out of the bags and
divided into sheaths and panicles. After water
droplets were wiped away with sheets of filter
paper, the fresh weight of each organ was
determined. The difference between S and the
sum of YP and LS was assumed to estimate
the weight of adhering water. It took one

minute and a half to determine the fresh
weight. Samples were then oven-dried and
weighed.

To collect bleeding sap from the sam stems,
they were severed just below the third node

counting from the flag-leaf node. A disk of
filter paper of 70 mm in diameter was attached
to the cut surface of the stub, then covered
with a plastic bag. About three hours later sets
of a disk and a plastic bag were detached from
the stubs and brought into the laboratory. The
rate of bleeding per stem (BL mg hr~!) was
defind as:

BL=4B/ 4t (2)
where /4B represents the increase in weight of
a disk and a plastic bag(mg) during the time
for sap collection (4t hr)3®,

The general formula” using large-scale par-
amters was used to estimate the potential
evapotranspiration rate from meteorological
measurements. The measurements were made
at the Experimental Farm of the Faculty of
Bioresources, Mie University located 10 km
west of the experimental site,
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Fig. 1. (a) panicle length and (b) the dis-
tance between the auricles of flag and
penultimate leaves during the experimen-
tal period.

Circles and triangles indicate cultivars
Akenohoshi and Ukonnishiki. Open sym-
bols indicate water deficit plants and
closed ones plants under submerged soil
conditions.

Vertical bars indicate upper and lower
limits of one standard error of the mean.
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Fig. 2. (a) panicle dry weight and (b) the
dry weight of the flag-leaf sheath during
the experimental period.

Symbols are the same as in Fig 1.

Results

No apparent growth of plant was observed.
In the course of the experiment the panicle
length as well as the distance between the
auricles of flag and penultimate leaves did not
increase (Fig. 1). Both of these lengths in
plants exposed to soil water stress were shorter
than those grown under submerged soil condi-
tions.

Similarly no measurable increase in the
weight of panicle and flag-leaf sheath was
obtained for the two cultivars under both
conditions (Fig. 2). Average weight per pani-
cle of plants under submerged soil conditions
was 363 mg for Akenohoshi and 323 mg for
Ukonnishiki. Although panicle weight was
significantly reduced by water deficit as pani-
cle length, sheath weight was not reduced in
both cultivars.

Leaf water potential fluctuated diurnally in
concert with change in the potential
evapotranspiration under submerged soil con-
ditions (Fig. 3). Leaf water potential recover-
ed progressively toward the afternoon and
declined in the morning. Similar diurnal pat-
tern of leaf water potential was also observed
in plants subjected to soil water stress condi-
tions, although leaf water potential of stressed
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Fig. 3. Diurnal changes in leaf water poten-
tial and potential evapotranspiration.
Symbols are the same as in Fig 1.

plants was always lower than that of well-
watered plants. Leaf water potential of water
deficit plants was kept at a higher level in
Akenohoshi than in Ukonnishiki.

The rate of bleeding from the cut surface of
a stub showed a marked diurnal fluctuation
under submerged soil conditions (Fig. 4).
Bleeding rate per unit of panicle dry weight
increased rapidly after sunset and decreased
in the morning. Maximum bleeding rate oc-
curred from 2100 h to 0300 h the following
day in plants under submerged soil conditions.
For water deficit plants, the bleeding rate was
almost zero throughout the day.

The amount of water adhering to young
panicle showed a marked diurnal fluctuation,
similar to the bleeding rate, except for water
deficit plants, in which a very small amount of
the adhering water was detected (Fig. 5).
Water per unit of panicle dry weight of sub-
merged plant was 0.07 mg mg~! in the after-
noon, but it increased steadily after the sunset
with a rate of 0.1 mg mg~! hr™!, reaching a
peak of about 2.6 mg mg~! at 0900 h. The
maximum quantity of adhering water per
panicle reached 890 mg. The water declined
rapidly late in the morning.
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Fig. 4. Diurnal change in the bleeding rate.
Values are bleeding rate per unit of pani-
cle dry weight.

Symbols are the same as in Fig 1.
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Fig. 5. Diurnal change in the amount of
adhering water on panicle surface.
Values are water per unit of panicle dry
weight.

Symbols are the same as in Fig 1.

No diurnal trend was observed in the water
content of flag-leaf sheath for the two cultivars
under submerged soil conditions (Fig. 6). A
slight increase in sheath water content around
midnight was detectable in water deficit plants
of which water content was smaller as a whole.
In the water content of the panicle no diurnal
trend was seen with the exception of the
water-deficit plants of Akenohoshi whose
water content increased, albeit slightly, at
night.

Comparison of adhering water with bleed-
ing sap (Fig. 4 vs Fig. 5) reveals that a time
window for the increase of adhering water was
consistent with that for bleeding:i.e. from
1800 h to 0900 h. Fig. 7 depicts the relation-
ship between the amount of adhering water
and bleeding sap during the time window. A
linear relationship between them was found
under submerged soil conditions. From the
slopes of regressions, an increase of bleeding
sap of 100 mg should have corresponded to an
increase in adhering water of 4.5mg for
Akenohoshi and 6.4 mg for Ukonnishiki.

Discussion

Diurnal measurements of water adhering to
rice panicles at the booting stage revealed the
drastic fluctuation of adhering water:
decrease during the day and increase during
the night (Fig. 5). Boyer" proposed that water
transport through whole plants consisted of
water movement for rehydration and dehydra-
tion of the mature tissue balanced by three
types of water flow. The conservation of mass
for water movement through whole plants can
written as follows :

AC/ dt=A—-T—-G (3)
where C is tissue water content, t time, A and
T are the fluxes for absorption and transpira-
tion, and G is the storage flux for growth.
Additionally, water flux for guttation (I)
occurs in some plants such as rice, so the
equation (3) can be written :

AC/At=A-T—-G—1 (4)
Equation (4) states that the rate of change in
tissue water content is equal to the sum of four
fluxes.

Although rice panicles generally grow at the
booting stage, no detectable growth occurred
during the experiment (Fig. 1 and 2). We can
therefore neglect the water flux for growth.
Furthermore, no diurnal fluctuation of tissue
water content was observed as seen in panicle
as well as in flag-leaf sheath (Fig. 3). Since the
change of leaf water content is small for rice
(due to decrease to —0.6 or —0.7 MPa of leaf
water potential)®, we assumed the change of
leaf water content in our experiment would
also be negligible. Thus, the equation (4) can
be simplified as

A=T+]I (5)

The driving force for transpirational flux is
the water potential decrease due to dehydra-
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Fig. 6. Diurnal change in the water content
of (a) flag-leaf sheaths and (b) panicles.
Symbols are the same as in Fig 1.

tion of organs through evaporation. The driv-
ing force inducing the flux for guttation is root
pressure. Therfore, the flux for transpiration is
dominant during the day and that for gutta-
tion during the night :
day :A=T (6-a)
night : A=I (6-b)
The determination of the flux for guttation
is difficult. However, our recent data (unpub-
lished) has shown the bleeding flux to be more
or less similar to the flux for guttation. Thus
bleeding seems to directly reflect guttation.
Since the increase in adhering water was in
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Fig. 7. Relationships between the amount of

adhering water and bleeding sap under
submerged soil conditions in two rice
cultivars Akenohoshi (®) and Ukonnishi-
ki (A), Values are water and sap per unit
of panicle dry weight. Regression lines
were calculated using data from 1800 h to
0900 h the following day.
Regression lines are :
y=0.93+0.045x%, r*=0.89** (@)
y=0.74+0.064x, r?=0.98** (A)
**Statistically significant at 19, level.

proportion to bleeding sap (Fig. 7), the adher-
ing water appeared to be coupled with water
flux for guttation. In other words, the adher-
ing water can be attributed to the fraction of
water flow for guttation. Thus the adhering
water should have increased during the night
(Fig. 5) when the flux for guttation is predom-

inant (6-a). It should have decreased due to
evaporation during the day when the water
flow for adhering water ceases (6-b).

The adhering water increased by only a
small fraction of the guttation flux : 497, to 79,
of bleeding sap (Fig. 7). This is probably
because water driven by root pressure exuded
from various sites of the plant other than
young panicles, such as hydathodes of leaf tips
and edges. Also some fractions of the adhering
water might be lost by evaporation, down flow
and incorporation by plant tissues.

From the above discussion, we conclude
that the diurnal change in the adhering water
on the young panicle surface is associated with
the transition from one flux for transpiration
to another for guttation.

Guttated water is generally considered of
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negligible importance but rather harmful to
plants : occasionally damage is caused to leaf
margins and tips by deposits of salts left by
evaporation of guttated water®. On the other
hand when plants are covered with dew, tran-
spiration decreases in the mornings of dry
days. Certainly it appears that under some
conditions the transpiration retardant effect of
dew could be very important®. Since rice
plants at the booting stage are susceptible to
environmental stresses, there is a possibility
that the adhering water protects young pani-
cles from water and/or temperature strss. We
need further information about the physiologi-
cal and ecological roles of the adhering water
in rice panicles.
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