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Effects of continuous treatments with glucose, sucrose, mannitol,

or a combination, on the vase life of cut snapdragon flowers
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Summary

Glucose, fructose, and mannitol are major soluble carbohydrates in snapdragon (Antirrhinum majus L.). We investigated the
effects of continuous treatments with 30 or 50 g L' glucose, 50 g L' sucrose, or 30 or 50 g L'' mannitol on the vase life of cut
snapdragon flowers (i.e., the time until all florets had wilted). Treatments with each of the carbohydrates promoted floret
opening and extended vase life. Glucose at 30 g L' increased the number of open florets most, and mannitol at 50 g L'
extended the vase life most. However, open florets in mannitol treatments were smaller than in glucose or sucrose treatments
and their pigmentation was less pronounced than in the glucose and sucrose treatments. The total leaf chlorophyll contents
decreased with time, but 30 g L' glucose mitigated this decrease until the 15th day after harvesting. To reduce the defects of the
mannitol treatment, we investigated combinations of mannitol with glucose or sucrose. Treatment with 25 g L' sucrose plus
25 g L' mannitol increased the number of open florets and extended vase life more than treatment with 50 g L' sucrose alone.
However, treatment with glucose plus mannitol did not significantly extend vase life compared with glucose alone. White
mannitol powder appeared on the surface of florets and leaves in the combined treatments. Overall, treatment with 30 g L™

glucose was most effective in improving vase life.
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Introduction

Snapdragon is a popular cut flower because of its wide range of petal colors and good fragrance. The flowers of
snapdragon are sensitive to ethylene (Woltering and van Doorn, 1988; Serek et al., 1995), and the vase life of cut
flowers is relatively short (Larsen and Scholes, 1966; Nowak, 1981; Wang et al., 1977). Furthermore, most buds do not
open fully, and the petals of the resulting flowers develop little pigmentation (Larsen and Scholes, 1966; Nowak, 1981;
Serek et al., 1995; Wang et al., 1977). Silver thiosulfate complex (STS) has been widely used to extend the vase life
of snapdragon (Inaba, 1997), but pulse treatment with STS only slightly extends the vase life of cut snapdragons
(Nowak, 1981).

Sugars play important roles in plants as substrates for respiration, as cell wall components, and as osmolytes. The
addition of sucrose to vase water in combination with antimicrobial compounds markedly promotes bud opening and
extends the vase life of many cut flowers, including carnation (Paulin and Jamain, 1982; Koyama and Uda, 1994), rose
(Kuiper et al., 1995; Ichimura et al., 1999a), and sweet pea (Ichimura and Hiraya, 1999). Larsen and Scholes (1966)
reported that continuous treatment with 2% sucrose was effective in extending the vase life of cut snapdragons.
Ichimura and Hisamatsu (1999) previously reported that continuous treatment with 50 g L sucrose in combination with
8-hydroxyquinoline sulfate (HQS) markedly improved the vase life of cut snapdragon flowers.

Metabolic sugars, such as glucose, fructose, and sucrose, have been considered to be similarly effective in extending
the vase life of cut flowers (Halevy and Mayak, 1981). However, Ketsa and Boonrote (1990) reported that glucose
extended the vase life of cut Dendrobium flowers more than did sucrose. In a previous study, we also found that
continuous treatment with glucose was more effective than continuous treatment with sucrose in extending the vase life
of cut rose flowers (Ichimura et al., 2006).

Glucose, fructose, sucrose and mannitol are major soluble carbohydrates in snapdragon, which produces
indeterminate inflorescences (Ichimura and Hisamatsu, 1999). Continuous treatment with mannitol suppressed
senescence of the spike tips, resulting in the promotion of spike elongation in cut snapdragons (Ichimura et al., 2005).
We thus expected that mannitol might usefully extend the vase life of cut snapdragons.

In the present study, we examined the effects of glucose, sucrose, and mannitol, alone and in combination, on the

vase life of cut snapdragon flowers.
Materials and Methods

Plant material

Snapdragon (Antirrhinum majus L.) cv. Yellow Butterfly was grown under natural daylength conditions in a
greenhouse (15 °C minimum and 25 ‘C maximum temperature) at the National Institute of Floricultural Science (Ano,
Mie prefecture) using the standard production method. Flower spikes with three open florets were cut from plants from
February to April in 1996.
Carbohydrate treatments and evaluation of the vase life of cut spikes

The spikes were trimmed to 40 cm and placed in a 500-ml beakers (two spikes per beaker) containing 500 mL of 50

g L-" sucrose, 30 or 50 g L" glucose, or 30 or 50 g L mannitol solution; each solution also contained 200 mg L* HQS.

The molar concentration of 50 g L sucrose was almost the same as those of 30 g L glucose or mannitol. The spikes
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were maintained at 23°C, 70% relative humidity, and 10 zmol m”®s” irradiance from cool-white fluorescent lamps
under a 12-h photoperiod. The numbers of open and wilted florets were counted every day until all florets had wilted.
Florets whose petals had fully unfolded were counted as open florets. The vase life of the flower spikes was defined as
the time from harvesting to the date when all florets had wilted. In a separate experiment, flower spikes were treated
with sucrose at 25 and 40 g L' in combination with mannitol at 25and 10 g L, respectively, to give a final
concentration of 50 g L. Flower spikes were also treated with glucose at 15, 24, 25, and 40 g L" in combination with

mannitol at 15, 6, 25, and 10 g L", respectively, to give final concentrations of 30 or 50 g L™
Chlorophyll determination

Ten leaf disks with diameter of 8.5 mm were randomly collected from the leaves of two cut flowers. The leaf disks
were homogenized in 80% acetone. The suspensions were held in the dark for 30 min and then centrifuged at 3,000 X
g for 10 min. Chlorophyll concentrations in the supernatant were determined using the equation by Arnon (1949),

based on the absorbance of the supernatant at 645 and 663 nm.
Identification of mannitol

Any white powder that appeared on the surface of the leaves and florets of the cut flowers were collected and
dissolved in distilled water. The components of the resulting solution were separated using an HPLC system (Jasco
HPLC, Tokyo, Japan) equipped with a refractive-index detector and a Shodex SUGAR SP0810 column (Showa Denko,
Tokyo), which was kept at
80°C and eluted with water at a flow rate of 0.8 mL min’. Mannitol was identified based on its retention time (22.5

min).

Results
Effects of carbohydrate treatments on floret opening, vase life and chlorophyll contents

Fig.1 shows the effects of continuous treatments with sucrose, glucose, or mannitol on the number of open florets. In
the control, most buds did not open fully, and the open florets became almost whitish. Treatments with any of the three
carbohydrates markedly increased the number of open florets, and glucose and mannitol were more effective than
sucrose at both concentrations.

All three carbohydrates also significantly increased the vase life of the cut spikes (Table 1, Fig. 2). Treatment with
50 g L mannitol was most effective in extending vase life (36.5 days), followed by treatment with 30 g L" mannitol
(30.8 days). However, the open florets of spikes treated with mannitol were smaller than those treated with glucose and
sucrose (data not shown), and their petal color became whitish (Fig. 2). In addition, all mannitol-treated spikes
exhibited white powder on the surface of florets and leaves within a few days after the start of treatment. This powder
was identified as mannitol by HPLC. Glucose at 30 g L" extended vase life as long as the 30 g L mannitol treatment
(no significant difference) and significantly longer than 50 g L" sucrose.

Fig. 3 shows the changes with time in leaf chlorophyll contents in response to treatment with various carbohydrates.

In all treatments, the chlorophyll @ and b contents and the total chlorophyll content of the leaves gradually decreased
with time. However, sucrose treatment tended to accelerate these decreases, whereas 30 g L glucose mitigated these

decreases until around the 15th day after harvesting.
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Effect of treatment with glucose or sucrose in combination with mannitol on floret opening and vase life

Fig.4 shows the effect of glucose or sucrose in combination with mannitol on the number of open florets. All

carbohydrate treatments increased the total number of florets and delayed the decrease in the number of florets

compared with the control, but the treatments differed in their effectiveness. The combined treatment with 40 g L™

sucrose and 10 g L mannitol slightly delayed the decrease in the number of open florets compared with 50 g L™

sucrose alone. The combined treatment with 25 g L" sucrose and 25 g L' mannitol increased the number of open

florets significantly more than in either of the other treatments, and considerably delayed the decrease in the number of

open florets. The combined treatments with 24 g L glucose plus 6 g L" mannitol and 15 g L glucose plus 15 g L™
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Fig. 1

Changes in the number of open florets in cut snapdragon
flowers treated with 30 or 50 g L' glucose, 50 g L'
sucrose, or 30 or 50 g L'' mannitol. All solutions contained
200 mg L' HQS. Values represent the means of 5
replications = SE.

Control

Fig. 2

Effects of treatment with 30 gL' glucose, 50 g L*
sucrose, or 30 g L' mannitol on the vase life of cut
snapdragon flowers. All solutions contained 200 mg L'
HQS. The photograph was taken 14 days after the start of
the carbohydrate treatments. Far left, control; middle left,
glucose; middle right, sucrose; far right, mannitol.

Table 1 Effects of glucose, sucrose, and mannitol on the vase life of cut snapdragon flowers.

Treatment Vase life* Appearance of
(days) white powder”
Control 13.0£0.3a"
50 g L™ sucrose 22.4+0.3b
30 g L glucose 29.9+1.0cd
50 g L glucose 26.2£0.6bc
30 g L" mannitol 30.8+£1.0d *
50 g L mannitol 36.5+1.8e *

z Vase life was defined as the time from harvesting to the date when all florets had wilted.
¥ Asterisks represent cut flowers on which white powder (mannitol) appeared.
X Values represent the means of 5 replications == SE. Values followed by the same letters do not differ significantly (P<0.05,

Tukey-Kramer multiple-range test).
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Changes in the content of (A) chlorophyll a, (B) chlorophyll
b and (C) total chlorophyll contents in leaves in cut
snapdragon flowers treated with 30 or 50 g L' glucose,
50 g L' sucrose, or 30 or 50 g L' mannitol. All solutions
contained 200 mg L' HQS. Values represent the means of
3 replications &= SE. Bars indicate the least significant
difference (P<0.05, Tukey-Kramer multiple-range test) for
each day. NS, nonsignificant.
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Changes in the number of open florets in cut snapdragon
flowers treated with glucose, sucrose, or mannitol, alone
or in various combinations. (A) Flower spikes were
treated with 50 g L' sucrose (50S), 40 g L' sucrose plus
10 g L' mannitol (40S+10M), or 25 g L'' sucrose plus
25 ¢ L' mannitol (25S+25M). (B) Flower spikes were
treated with 30 g L' glucose (30G), 24 g L' glucose plus
6 g L'' mannitol (24G+ 6M), or 15 g L' glucose plus
15 g L' mannitol (15G+15M). (C) Flower spikes were
treated with 50 g L' sucrose (50G), 40 g L' sucrose plus
10 g L' mannitol (40G+10M), or 25 g L' sucrose plus
25 g L' mannitol (25G+25M). All solutions contained
200 mg L' HQS. Values represent the means of 4
replications = SE.
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Table 2 Effects of combined treatments with glucose or sucrose plus mannitol on the vase life of cut snapdragon flowers.

Treatment Vase life” Appearance of
(days) white powder”
Control 13.0£0.4a"
50 g L sucrose 22.6+0.3b
40 g L sucrose + 10 g L mannitol 24.941.8bc *
25 g L sucrose + 25 g L™ mannitol 30.4+0.8cd *
30 g L glucose 30.1+13cd
24 g L glucose + 6 g L mannitol 30.5+1.1cd *
15 g L™ glucose + 15 g L mannitol 32.0+1.2d *
50 g L glucose 26.60.5bcd
40 g L™ glucose + 10 g L mannitol 27.31+1.9bcd *
25 g L glucose + 25 g L™ mannitol 30.141.6¢d *

z Vase life was defined as the time from harvesting to the date when all florets had wilted.

Y Asterisks represent cut flowers on which white mannitol powder appeared.

* Values represent the means of 4 replications == SE. Values followed by the same letters do not differ significantly (P<0.05,
Tukey-Kramer multiple-range test).

mannitol slightly delayed the decrease in the number of open florets compared with 30 g L" glucose alone. Similarly,
the combined treatment with 25 g L" glucose and 25 g L” mannitol delayed the decrease in number of open florets more
than 50 g L" glucose alone.

The combined treatment with 25 g L sucrose and 25 g L" mannitol extended vase life significantly more than
treatment with 50 g L' of sucrose alone (Table 2). However, combined treatment with glucose and mannitol did not
extend vase life significantly more than treatment with glucose alone at all the concentrations we tested. White powder
identified as mannitol also appeared on the surface of florets and leaves in all treatments that combined mannitol with

gIUCOSG Or SucCrose.

Discussion

Previously, Ichimura and Hisamatsu (1999) reported that the vase life of cut snapdragon flowers was markedly
extended by sucrose treatment. Halevy and Mayak (1981) reported that the effect of glucose on the vase life of cut
flowers was generally similar to that of sucrose. In the present study, however, we found that treatment with 30 g L™
glucose extended vase life significantly more than treatment with 50 g L” sucrose (Table 1). We previously reported no
significant difference in extending vase life among treatments with 25, 50 and 75 g L" sucrose (Ichimura and
Hisamatsu, 1999). These findings suggest that glucose extends the vase life of cut snapdragons more than sucrose
does. Snapdragons have indeterminate inflorescence. We observed that spike tips became brown and wilted after
treatment with sucrose, which prevents the opening of florets in the upper part of the spike (data not shown).
Previously, Ichimura et al. (2005) reported that sucrose treatment caused a remarkable increase in the sucrose
concentration in the spike tips, whereas glucose or mannitol treatment only slightly increased sugar concentrations in
these tips. Thus, the observed acceleration of senescence in the spike tip caused by sucrose treatment may result from
sugar accumulation in the tip.

Mannitol at 50 g L” was the most effective in extending the vase life of cut flower spikes (Table 1). However, the

size of the open flowers in spikes treated with mannitol was less than in those treated with glucose or sucrose (data not
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shown). In addition, white mannitol powder appeared on the surface of florets and leaves after mannitol treatment.
This may have resulted from the low solubility of mannitol and may be unacceptable to consumers. Thus, treatment
with mannitol alone is not suitable for extending the vase life of cut snapdragons. We further investigated the effect of
combined treatment with mannitol plus either glucose or sucrose on vase life. The combination of mannitol and
sucrose improved vase life significantly more than sucrose alone, and the effect increased with increasing amounts of
mannitol (Table 2, Fig. 4). Combined treatment with mannitol and glucose also improved vase life more than glucose
alone, but the difference was not significant. This positive effect can be attributed to inhibition of tip senescence by
mannitol. However, white mannitol powder also appeared on the plant surface in all these combined treatments. Thus,
combined treatment with mannitol and either glucose or sucrose seems to be an unsuitable choice.

In our study, mannitol delayed the senescence of the spike tips in cut snapdragons. In contrast, mannitol treatment
damaged leaves and did not extend the vase life of cut chrysanthemum flowers (Kofranek and Halevy, 1972).
Similarly, mannitol treatment inhibited flower opening in cut roses (Ichimura et al., 1999b). However, mannitol was
not detected in the flowers, stems, and leaves of these plants (Ichimura et al., 1997, 2000). Thus, the deleterious
effects of mannitol in these flowers may result from the absence of an enzyme that can help the plant metabolize
mannitol. In higher plants, mannitol is metabolized by mannitol dehydrogenase (Loescher, 1987).

The uptake of sugars often decreases chlorophyll contents in leaves (Yoshida, 2003). In our study, total chlorophyll
content in leaves tended to be decrease more rapidly after treatment with sucrose, whereas 30 g L glucose suppressed
this decrease until around the 15th day after harvesting (Fig. 3). Similarly, sucrose treatment accelerated the yellowing
of leaves in cut Narcissus flowers (Ichimura and Goto, 2002). Although the reason why glucose was more effective
than the other carbohydrates in delaying the decrease in chlorophyll contents remains unclear, glucose may be useful
for other cut flowers, including Narcissus.

Although pulse treatment with STS has been widely used by snapdragon growers (Inaba, 1997), this treatment only
slightly extends the vase life of cut snapdragons (Nowak, 1981). In contrast, treatment with glucose markedly
extended the vase life of cut spikes (Tables 1, 2). Thus, treatment with glucose supplemented with a germicide should
be useful in extending the vase life of cut snapdragon flowers for consumers.

In conclusion, treatment with mannitol was most effective in extending the vase life of cut snapdragon flowers, but
was an unsuitable choice because of its adverse effects on senescence and floret number and size and because it
produced a visible white powder on the florets and leaves. Although combined treatment with mannitol and sucrose
extended vase life more than sucrose alone, mannitol powder still appeared on the spikes and reduced the ornamental
value of the cut flowers. Of the treatments evaluated in the present study, 30 g L glucose was most effective at

improving the vase life of cut snapdragon flowers without adverse effects.
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