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Abstract

Saponin(s) was extracted from tea seeds, and its effect on the vase life, transpiration from leaves and
hydraulic conductance of stem segments in cut roses (Rosa hybrida L. cv. Sonia) were investigated.
The continuous treatment with tea-seed saponins (TSS) at 20 mg L™ significantly extended the vase
life of cut rose flowers, but those at other concentrations did not. The volume of water uptake and
water loss by the cut flowers decreased with increasing concentration of TSS. TSS induced stomatal
closure. In cut flowers kept in water, hydraulic conductance of the stem segment decreased with time,
and 20 mg L' TSS treatment considerably suppressed this decrease. The results show that TSS mark-
edly inhibited transpiration from leaves and suppressed decrease in hydraulic conductance, which may

be responsible for a significant increase in vase life.
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Introduction

The vase life of cut rose flowers is often very short
due to wilting and bending of the floral axis just below
the flower head. The development of these symptoms is
considered to be caused by vascular occlusion which
inhibits water supply to the flowers"'**. The develop-
ment of this occlusion is correlated with the growth of
bacteria at the cut surface and inside the stem*’, and addi-
tion of bacteria to vase water shortens the vase life of cut
rose flowers**!. Thus, vascular occlusion has been con-
sidered to be partially due to bacteria. To inhibit bacterial
proliferation, germicides, such as silver nitrate, alumi-
num sulfate and 8-hydroxyquinoline sulfate (HQS), have
been used in commercial preservatives’. These germi-
cides inhibit vascular occlusion®’?” and extend the vase
life of cut rose flowers> ¥, In addition to germicides,
pulse treatment with some surfactants, such as Agral-LN

and Atlas G 2130, are also effective in extending the vase
life of many cut flowers when the cut flowers had been
exposed to air*. Surfactants may decrease surface ten-
sion, thereby facilitating entry of water into cut stems.
Previously, Ueyama and Ichimura® reported that pulse
treatment with 2-hydroxy-3-ionene chloride polymer
(HICP) extended the vase life of cut roses. This effect
was suggested to be due to inhibition of transpiration
from leaves and its surfactant action®.

Saponins are surface-active sterol or triterpene gly-
cosides and found in a great variety of plants. Saponins
prepared from various sources, such as tea leaves, have
antimicrobial activity'*'’. Tea seeds have a large amount
of saponins, more than 10% of their dry weight®
ture of saponins prepared from tea seeds (TSS) inhibits
growth of yeasts?®*, Addition of bacteria to vase water
causes vascular occlusion'®* and shortens the vase life of
cut rose flowers'®*!. Similarly, yeasts markedly shorten
the vase life of cut rose, carnation and chrysanthemum?®'.

. A mix-
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Microbial proliferation causes vascular occlusion?’,
which has been evaluated by measuring the hydraulic
conductance of the stem®**?. We thus, investigated
effects of TSS on the vase life, transpiration and stem
hydraulic conductance of cut rose flowers.

Materials and methods

1. Preparation of saponins from tea seeds

Seeds of tea (Camellia sinensis var. sinensis cv.
Yabukita) were collected in the field of National Institute
of Vegetable and Tea Science (Kanaya, Shizuoka). After
removal of the pericarp, tea seeds were ground with mor-
tar and pestle and dried in vacuo at 40°C. The resulting
powder was treated with n-hexane (500 mL X 2) to
remove tea-seed oils, and then extracted with 80% meth-
anol twice. The resulting extract was evaporated to dry-
ness in vacuo below 40°C. The residue was dissolved in
40% methanol and applied onto a column of Lobar Pre-
pack column RP-18 (MERCK, 25 mm x 31 cm). The
composition of the mobile phase was changed step by
step from 40 to 100% methanol at a flow rate of 3.0 mL
min™' below 40°C. The fractions containing TSS were
collected by monitoring at 250 nm with a UV detector
and evaporated to dryness below 40°C to yield a white
solid.

2. Plant material and TSS treatment

Cut rose (Rosa hybrida L. cv. Sonia) flowers, which
were obtained from a commercial grower (Ano, Mie Pre-
fecture) at normal harvest maturity (sepals starting to
reflex), were placed in tap water and used for experi-
ments within 2 h after harvest.
trimmed to 40 cm, and all leaves except for the upper 3 to
5 leaflets were removed. In the control, cut flowers were
treated with distilled water. Two flowers were trans-
ferred to a 500-mL beaker containing 500 mL distilled
water or various concentrations of TSS. The experimen-
tal conditions were temperature of 23°C, 70% relative
humidity, and a 12-h photoperiod under 10 umol m? s™
irradiance from cool-white fluorescence lamps. Eight
flowers were used for each treatment. Vase life was the
period from the time of putting the stem into the test solu-
tion to the time when the petals lost turgor. The fresh
weight of cut flowers and the volume of water uptake
were measured daily. The volume of water loss was cal-
culated by subtracting the increase in fresh weight from
the volume of water uptake.

Flower stems were

3. Measurement of stomatal conductance from leaves
Stomatal conductance of second leaves from the
upper position was measured by a portable photosynthe-
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sis system (LI-6400, LICOR, Lincoln, NB, USA) accord-
ing to the instruction manual. The environmental
conditions were 23°C, 70% relative humidity and illumi-
nation under 10 pmol m> s irradiance.

4. Determination of stem hydraulic conductance
Hydraulic conductance of the stem segment was
measured by the method of Gilman and Steponkus® with
a slight modification. The basal 5 cm of the stem was
inserted into a silicon tube (internal diameter 4 mm), and
a 130 cm head pressure of 10 mM KCI solution (13 kPa)
was applied®™. After 1 h of equilibration, the KCI solu-
tion that had passed through the segments was collected
in attached tubes for 1 h. The flow rate was determined
by measuring the volume of the collected solution. In
one experiment, two stem segments were used from one
vessel, and each experiment was repeated three times.

Results

1. Effect of TSS on the vase life of cut rose flowers

TSS at 20 mg L' significantly extended the vase life
of cut rose flowers (Table 1). TSS at other concentrations
tended to extend vase life, but this effect was not signifi-
cant at P < 0.05. TSS at 50 mg L™ or higher concentra-
tions caused visible damage to leaves of cut flowers. The
rate of flower opening was not affected by TSS (data not
shown).

2. Changes in water uptake and water loss

The volume of water uptake by the control flowers
tended to increase during the first 5 days, decreased on
day 6 and remained almost constant thereafter (Fig. 1A).
Treatment with saponins suppressed the increase in solu-
tion uptake with increasing concentration of saponins.
The changes in the rate of water loss were similar to those
of water uptake (Fig. 1B).

Table 1. Effects of TSS concentration on the vase life of cut
‘Sonia’ roses

TSS concentration Vase life
(mgL™) (day)
0 7.0+03a
2 7.5+03a
5 74+02a
20 88+02b
50 79+03a

Values represent mean of 4 replications + S.E., and those with
the same letters are not significantly different (P<0.05) by the
Tukey-Kramer’s multiple range test.
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Fig. 1. Changes in water uptake (A) and loss (B) of cut
‘Sonia’ roses treated with TSS at various
concentrations with time

Values are means of 3 replications + S.E.

3. Stomatal conductance of leaves

In the control flowers, the stomatal conductance in
the leaves increased on the 1st day and remained almost
constant thereafter except that it tended to decrease on the
2nd day (Fig. 2). Treatment with TSS decreased the sto-
matal conductance of leaves on the 1st day regardless of
its concentration.

4. Changes in stem hydraulic conductance

In the control flowers, the hydraulic conductance of
the stem segments slightly increased on the 1st day, and
sharply decreased thereafter. Hydraulic conductance of
those treated with TSS at 20 mg L' also increased on the
Ist day, and decreased thereafter, but this decrease was
considerably suppressed by TSS treatment during the
later part of the vase life (Fig. 3).

Discussion

In the present study, we found that the transpiration
from the cut flowers was decreased by TSS treatment

Effects of Tea-Seed Saponins on Transpiration of Cut Rose
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Fig. 2. Changes in stomatal conductance of cut ‘Sonia’
roses treated with TSS at various concentrations
with time

Values are means of 9 replications + S.E.
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Fig. 3. Changes in hydraulic conductance of stem segments
in cut ‘Sonia’ roses treated with 20 mg L' TSS with
time

Values are means of 3 replications + S.E.

(Fig. 1B). This inhibition was shown to be due to the sto-
matal closure (Fig. 2). TSS of at least 2 mg L™, a low
concentration, suppressed transpiration from cut flowers
(Fig. 1B). Saponins are major compounds in plants, but
their physiological actions on plants have been little
understood. To the best of our knowledge, this is the first
evidence that demonstrated the suppression of transpira-
tion from leaves by closing stomata with saponins. TSS
is a mixture of structural analogues and geometrical iso-
mers including theasaponin El and theasaponin E2'°.
Yamauchi et al.* reported that theasaponin E1, which is a
major saponin in tea seeds, inhibited the proliferation of
yeasts. However, it is yet to be investigated to under-
stand what kind of compound(s) in TSS induces stomatal
closure of leaves.
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In our study, a continuous treatment with TSS at 20
mg L™ significantly extended the vase life of cut rose
flowers (Table 1). In the presence of vascular occlusion
in the stem, a high rate of transpiration disrupts the water
balance, which may then shorten the vase life of cut
roses™. Since excess transpiration from leaves disrupts
water balance in cut roses, the extension of vase life by
TSS may partially be attributed to inhibition of transpira-
tion from leaves. Abscisic acid (ABA) also closes sto-
mata, and inhibits transpiration from leaves". Treatment
with ABA extends the vase life of cut roses with leaves
but ABA shortens the vase life of roses without leaves®.

The short vase life of cut rose flowers is considered
to be due to disruption of water balance, which is mainly
caused by vascular occlusion®. TSS considerably sup-
pressed the decrease in hydraulic conductance of the stem
segment (Fig. 3), suggesting that TSS inhibits develop-
ment of vascular occlusion. Vascular occlusion has been
considered to be mainly due to microbial proliferation®.
The addition of yeasts to vase water markedly shortened
the vase life of cut rose, carnation and chrysanthemum®'.
Saponins are known to have germicidal activity'*'” and
TSS at a low concentration inhibited the proliferation of
yeasts’. However, whether TSS suppresses bacterial
proliferation remains unknown. Put'® reported that yeasts
proliferated in vase water in which cut roses were placed
although van Doorn et al.”® reported with electronmicro-
scopic studies that yeasts were not observed in cut rose
stems held in water. The effect of TSS on the vase life
may be partially attributed to their inhibitory action
against microbial growth. Several germicides, such as
aluminum sulfate, silver nitrate and HQS, which are well
known germicides, inhibit vascular occlusion and extend
the vase life of cut roses®. Although TSS suppressed
decrease in hydraulic conductance in stem segments,
hydraulic conductance on the 6th day was low. On the
contrary, continuous treatment with HQS maintained
hydraulic conductance in cut rose stems during the first 7
days’. Thus, inhibition with TSS on development of vas-
cular occlusion is not so large, compared to that of HQS.

Some surfactants, such as Agral-LN, have been
reported to overcome vascular occlusion of cut flowers
without inhibiting microbial growth®. These surfactants
may decrease surface tension of water, thereby facilitat-
ing entry of water into cut stems®. Uda®' reported that
some surfactants including polyoxyethylenelaurylether
increased water uptake in cut stock flowers. Although
saponins are natural surfactants, TSS did not increase
water uptake of cut roses (Fig. 1A). Thus, the effect of
TSS on the extension of vase life may not be attributed to
surfactant action.

Continuous treatment with aluminum sulfate, which
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is widely used in preservative formulations as a
germicide®, extends the vase life of cut roses®. Since alu-
minum sulfate inhibits transpiration from leaves'®', the
effect of TSS on the vase life of cut roses is somewhat
similar to that of aluminum sulfate. Similarly, the func-
tion of TSS may be comparable to that of a pulse treat-
ment with HICP, which extends the vase life of cut rose.
HICP was found to inhibit development of vascular
occlusion and transpiration rate*” although whether HICP
induces stomatal closure remains unclear. In the present
study, the effect of TSS on the vase life of cut roses was
not so appreciable. Furthermore, TSS at 50 mg L™ or
higher concentrations caused severe visible damage to
the leaves. Thus, it appears that the treatment with TSS
alone is not practically useful in extending the vase life of
cut rose flowers. Further studies, therefore, will be
needed to clarify whether combined treatment of TSS
with some other compounds, such as sugars and germi-
cides, is more effective in extending the vase life of cut
roses.

In conclusion, continuous treatment with TSS at 20
mg L significantly extended the vase life of cut rose
flowers. TSS inhibited the transpiration from leaves and
suppressed decrease in hydraulic conductance of cut
stems, which may be responsible for extension of vase
life. It should be noted that TSS at a low concentration
induced stomatal closure and inhibited transpiration from
leaves of cut roses.
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