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Abstract. Exogenous applications of trehalose and sucrose in vase solutions
increased the vase life and some physiological characteristics of cut
Alstroemeria cv. Mayfair. A continuous supply of trehalose limited fresh weight
loss and increased total carbohydrate content in the leaves. 60 mM trehalose did
not increase the anthocyanin level in petals. Results indicate that content of
carbohydrate in petals increased continuously up to day 10 and was not
significantly different among all treatments. In contrast, higher concentration of
sucrose (60 mM) did not improve vase life, but significantly increased pigment
content in leaves. The longevity of leaves was improved by both sucrose (3.7
day) and trehalose (4.7 day). Trehalose considerably delayed leaf yellowing in
cut Alstroemeria flowers during vase life, apparently due to increased
carbohydrate content in the leaves. Moreover, trehalose causes the preservation
of the green colour, which is considered as a good parameter to evaluate the
state of the leafy flowering stem.
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INTRODUCTION

An exogenous supply of carbohydrates is usually beneficial in maintaining
quality and longevity of cut flowers. Traditionally, among the different types
of sugars, sucrose has been found to be the most commonly used sugar in
prolonging vase life of cut flowers. Numerous studies have noted increased
vase life when sucrose was used in vase solutions for cut Rosa (Borochov
et al. 1976, Liao et al. 2000, Ichimura et al. 2003). Sucrose treatment
delayed the time to visible senescence of carnation (Hoeberichts et al.
2007). Sucrose in vase solution enhanced longevity of carnations
(Verlinden & Garcia 2004). Studies conducted by Shahri et al. (2010) with
ornamental flowers of family Ranunculaceae in different concentrations of
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sucrose reveals enhanced vase life in cut spikes of Aquilegia vulgaris and
Consolida ajacis. Bayogan et al. (2008) reported that treatment with
sucrose increased postharvest life of Bird-of-Paradise. Similar results were
also obtained with sweet pea (Ichimura et al. 1998), Agapanthus praecox
(Burge et al. 2010) and Bougainvillea glabra (Moneruzzaman et al. 2010).
In contrast, sucrose in the vase solution of Lilium ‘Stargazer’ did not lead to
increased vase life (Han 2003). Trehalose is a non-reducing disaccharide
that occurs in a large range of organisms, such as bacteria, fungi,
nematodes and crustaceans. This sugar accumulates to adapt cells against
dehydration, salinity, freezing and heat stress (Wiemken 1990, Crowe et al.
1998). As a vase solution component, trehalose was more effective than
sucrose in preventing senescence of cut gladiolus spikes (Otsubo & Iwaya-
Inoue 2000). It has been reported that addition of trehalose to vase
solution, enhanced vase life of tulip flowers (lwaya-Inoue & Takata 2001). It
was suggested that trehalose-treated petals were able to retain water for a
longer time, thereby delaying wilting and abscission. Yamada et al. (2003)
demonstrated that supplying exogenous trehalose in vase solution tends to
increase vase life of gladiolus petals. This may be due to decreasing
nuclear fragmentation in gladiolus petals, indicating that it may exert
suppressive effects on apoptotic cell death. Ranwala and Miller (2009)
found that trehalose increased vase life in cut Tulipa, although not as much
as sucrose, and phytotoxicity was observed in trehalose-treated stems,
where progressive blackening occurred on distal leaf regions and
progressed to basal regions. Alstroemeria is one of the more popular cut
flowers but leaf yellowing is one of the first indicators of the deterioration of
flowering Alstroemeria stems and its leaves are yellowed before petal
abscission (Mutui et al. 2006). It has been demonstrated that the onset of
yellowing is associated with chlorophyll breakdown (Jordi et al. 1995).

The objectives of this study were to 1) compare the dynamics of
carbohydrate pools during the postharvest phase in petals and leaves of
cut Alstroemeria stems supplied with sucrose or trehalose in the vase
solution, 2) develop Alstroemeria flower quality (color development,
longevity and delay abscission), and 3) maintain the green colour of leaves
until petals abscision.

MATERIALS AND METHODS

Plant materials

Flowers of Alstroemeria cv. Mayfair were obtained from a commercial grower
(Ashianehsabz, Tehran, Iran) at commercial maturity (oldest buds about to open).
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They were transported dry to the laboratory of Horticultural Sciences at University
of Guilan; within 6 h of harvest. During transport stems were covered with a plastic
film to minimize moisture loss (Chutichudet et al. 2011). Stems were cut to a length
of 45 cm and put into vases containing solutions. Vases were then placed into a
growth chamber under standard conditions (22 'C, 70% RH, 15 pmol s 'm™ and 12
h day/night cycle) for postharvest evaluation of flowers. Petals and leaves were
selected for analyses of carbohydrates and pigments content. Fresh weight was
recorded, and tissues were immediately frozen in liquid nitrogen and stored at —80
C until required.

Standard treatments

Cut flowers were placed individually in vases filled with 250 mL of deionized water
(DI) or test solutions of sucrose (20, 40 and 60 mM) (Merck) and trehalose (20, 40
and 60 mM) (Merck).

Postharvest evaluation
Vase life

Cut flowers were observed each day for analysis of morphological study
parameters, such as petal abscission and leaf yellowing. Vase life of Alstroemeria
cut flowers was measured by determining the number of days from onset of the
vase life tests to 50% petal fall or onset of leaf yellowing. Leaf yellowing was
determined as the number of days when half of the leaves per stalk turned yellow
(Mutui et al. 2006).

Water relations analyses

Weighing of vases with and without cut stems commenced on day 0 and continued
daily (every 3 days) during the vase life period. Relative fresh weight (FW), Water
uptake (WU), water loss (WL, transpiration) rates and water balance (WB) were
calculated (He et al. 2006).

Pigments content

To determine anthocyanin content, samples were analyzed by pH-differential
spectrometric method. Frozen petals were ground to a fine powder in liquid
nitrogen and extracted with methanolic HCI at 4 °C for 24 h. The extracts were
centrifuged at 10000 g at 4 °C for 15 min and the supernatant was used for
spectrophotometric (PG Instruments Itd-T80+UV/VIS) determination of anthocyanin
content. The absorbance of the extracts were read at 520 and 700 nm (Giusti &
Wrolstad 2000). For carotenoid and chlorophyll analysis, middle leaves were
excised on day 3 and 10 during postharvest and used for the analysis. Frozen
leaves were ground to a fine powder in liquid nitrogen and extracted with 5 ml pure
methanol in the dark at room temperature for 24 h. Extracts were centrifuged at
5000 g at 20 °C for 5 min and the supernatant was used for spectrophotometric
determination. The absorbance was read at 665, 652 and 470 nm. The
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concentrations for chl a (c,), chl b (¢p), and the sum of leaf carotenoids (c,..) were
calculated with Lichtenthaler’s formula (1987).

Total carbohydrate analysis

Soluble carbohydrates were determined by a phenol—-sulfuric acid assay (Dubois et
al. 1956). After freezing, the tissues were ground to a powder for carbohydrate
extraction. The petals (0.1 g) were extracted with 5 ml HCL (2.5 N) and boiled at
100 °C in a water bath for 2 h. After cooling to room temperature, the extracts were
centrifuged at 4500 g for 15 min at 20 °C to remove contaminants and the
supernatant was removed. Briefly, 1 ml of sample was added to test tube with 500
ML 5% phenol, then 2.5 ml concentrated sulfuric acid was added. The reaction of
carbohydrate with phenol and sulfuric acid in aqueous solution gives a brown color
and generates heat. The reaction mixture was allowed to cool to room temperature
for 20-25 minutes, shaken, and the absorbance was measured at 490 nm
(hexoses) and 480 nm (pentoses) in a spectrophotometer against a blank cell. The
sugar concentration was obtained by referring to the standard graph. The assay for
this standard glucose (Merck) graph was carried out by adding phenol and sulfuric
acid to a standard glucose solution. Total carbohydrates were expressed in
mg/0.1g leaf fresh weight.

Statistical analysis

The experiment was conducted in a completely randomized design. Statistical
analysis was performed by SAS software (SAS Institute Inc. 2004).The data
collected was the mean of values from three replicates. Data were analyzed by
GLM and means were compared by Tukey test at a significance level of 0.01.

RESULTS

Vase life

The analysis of variance of sucrose and trehalose addition to vase water on
Alstroemeria cv. Mayfair at 22 °C has been shown in Table 1. Trehalose
influenced important factors of cut stem postharvest quality, e.g.: vase life
of petals and leaves. All trehalose concentrations markedly extended cut
stem vase life compared to the control (Table 1). The longest vase life (14
days) was observed in the case of 60 mM trehalose solution compared to
other treatments. In the sucrose treated cut flowers, 60 mM of sucrose
solution had no effect on vase life, but 40 mM sucrose significantly
increased the vase life for Alstroemeria as compared to the control. There
was no significant difference in vase life between 40 mM sucrose and 60
mM trehalose. The longevity of leaves was improved by both sucrose (3.7
day) and trehalose (4.7 day). All concentrations of trehalose delayed the
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onset of 50% leaf yellowing in Alstroemeria (Table 1). As the concentration
of trehalose increased, there was a parallel increase in the number of days
to 50% leaf yellowing, but holding Alstroemeria cut flowering stems in high
concentration of sucrose (60 mM) tended to increase leaf yellowing.

Water relations

The results indicated that trehalose solution promoted fresh weight in cut
Alstroemeria. Maximum relative fresh weight was observed for flowers kept
in 60 mM trehalose solution and significantly delayed senescence in cut
flowers. Different concentrations of sucrose had no significant effect on
relative fresh weight during the first days of the experiment (Table 1).
Decline in water uptake followed a similar pattern to that of fresh weight,
although the rate of this decline did not vary between all treatments (data
not shown). There were no significant differences in water loss (WL,
transpiration) rates and water balance (WB) of cut stem among all
treatments.

Pigment content

The analysis of chlorophyll and anthocyanin contents during postharvest
conditions confirmed that trehalose maintains pigments level in petals and
leaves of Alstroemeria. Highest anthocyanin content was observed in the
40 mM trehalose solution, but higher concentration of trehalose did not
increase anthocyanin level in petals (Table 2). Also, anthocyanin level was
higher in 40 mM sucrose as compared to the control and other
concentrations of sucrose. In our experiments, treatment of cut stems with
trehalose was more effective in delaying decrease in chlorophyll content
than sucrose treatments. The total chlorophyll content measured at day 3 of
postharvest was similar in all treatment (both sucrose and trehalose), but
on day 10 of vase life concentrations of chlorophyll a, b and total
chlorophyll in leaves of cut stems treated with trehalose were significantly
higher than in those of other treatments (Table 2). There was no significant
change in the carotenoid content between treatments, but the carotenoid
content was reduced by time (Table 2). Chlorophyll concentration in the
leaf tissue of Alstroemeria was much higher when compared to carotenoid
concentrations.

Total carbohydrate

The results presented significant differences among the treatments and
within each organ. At the beginning of the experiment, the leaves of the cut
stems had sugar concentrations similar to that in petals, however total
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carbohydrate content in petals continuously increased up to the end of vase
life (Table 3). The results of this study show that in comparison to the
untreated control, trehalose and sucrose did not affect the total
carbohydrate content in petals. In contrast, exogenous trehalose resulted in
a substantial increase in the total carbohydrate content in leaves. Also,
trehalose affected sugar content of leaves compared to petals and
increases in carbohydrate content (hexose and pentose) compared to other
treatments. Interestingly, yellowing of leaves was observed in lower leaves
of cut stems of Alstroemeria treated with trehalose (20, 40 and 60 mM),
whereas upper leaves remained green. In contrast, all the leaves on cut
stems treated with sucrose exhibited yellowing at end of the vase life.

DISCUSSION

According to the data presented here, both sucrose and trehalose
increased flower longevity of Alstroemeria (cv. Mayfair). The optimum
concentration in our experiment, 60 mM trehalose, resulted in a 3.4 days
delay in senescence. Trehalose yielded the best results because
exogenous trehalose may act as a continuous supply of energy retaining
the turgidity of petals. Iwaya-Inoue and Takata (2001) reported that 50
mmolL™" (1.7%) was the optimum trehalose concentration in vase solution
for flower longevity of tulip. Ranwala and Miller (2009) mentioned that
treatment with 60 mmolL™" trehalose did not further enhance flower
longevity compared to 30 mmolL™" trehalose, but further increased leaf
injury. Our results were similar to those observed in gladiolus spikes by
Otsubo & lwaya-Inoue (2000). They reported that treatment with 0.1 M
trehalose prolonged vase life of cut gladiolus (cv. Fujinoyuki) spikes by 2
days. Trehalose has been shown to suppress not only water loss but also
cell death in the petals (Yamada et al. 2003). Trehalose also preserves cell
viability and decreased nuclear fragmentation (Otsubo & lwaya-Inoue 2000;
Yamada et al. 2003). Feeding flowers with different concentrations of
sucrose does not improve their vase life. Vase life registered a decrease
with the increase in sucrose concentration. The lack of effect by 60 mM
sucrose treatment on the vase life of Alstroemeria can possibly be
attributed to microbial infection. He et al. (2006) mentioned that low water
uptake is often due to occlusions located mainly in the basal stem end.
Sugars in the vase solution accelerate bacterial growth, which may lead to
stomatal closure as a result of water deficit (van Doorn 1997).

Our results are in agreement with those reported by Shahri et al. (2010),
who found that sucrose at 0.05 M and 0.2 M significantly enhanced vase
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life of cut spikes of Aquilegia vulgaris and Consolida ajacis, respectively,
but a drastic reduction in vase life was recorded in flowers supplied with
higher concentrations of sucrose. It is suggested that sucrose induces the
closure of stomata, eventually reducing the loss of water, thereby reducing
transpiration and maintaining fresh mass (Marousky 1969, Chen et al.
2001). Verlinden and Garcia (2004) demonstrated that accumulation of the
mRNA of ethylene biosynthetic pathway genes decreased in carnation
petals. Water uptake for all the treatments increased up to day 2 and
decreased thereafter. The present study also demonstrated that exogenous
trehalose (60 mM) increased fresh weight of cut stems. This effect is
probably due to the presence of trehalose and its osmoprotectant roles.
This experiment suggests that cut stem water relation was not the main
factor influencing vase life. The postharvest life of leaves was good,
averaging 13.3, 12.6 and 12.3 days for the 60 and 40 mM trehalose and 40
mM sucrose solutions, respectively. Indeed, there was a coincidence of
petal abscission time and leaf yellowing. Trehalose is not easily broken into
its two glucose molecule components, except in the presence of trehalase
that can be found in cellular cytoplasm with a neutral pH or within vacuoles
with a pH of 4.5 (Crowe et al. 1984). This property of trehalose caused
stability in leaves and has moved slowly from the tissue. In contrast, the
toxic effects of exogenous trehalose on shoot tip of Cuscuta reflexa
(Veluthambi et al. 1981), bracts in gladiolus florets (Otsubo & lwaya-Inoue
2000), and tulip leaves (lwaya-Inoue & Takata 2001, Ranwala and Miller
2009), have been reported. This suggests that leaves have only a limited
capacity to metabolize exogenous trehalose and utilize it (Ranwala & Miller
2009). In our results we found that trehalose was more effective in
maintaining pigments of petal and leaf compared to the sucrose and control
treatment. Trehalose maximizes chlorophyll content and vase life of leaves
greater than sucrose due to the supply of carbohydrate and carbon
availability. It is proposed that this sugar is involved in osmoregulation,
removal of free radicals and stabilization of the hydrated structure of
proteins to maintain membrane integrity and protein stability under various
stress conditions (Crowe et al. 1992). Carotenoids are synthesized in
chloroplasts and are essential for protecting tissues against photo-oxidative
damage in the green tissues of higher plants (Britton 1998).

Leaf yellowing, the visible sign of senescence, is due to preferential
degradation of chlorophyll over carotenoids (Matile 1992). The present
study indicates that carotenoids content in leaves was lower than
concentrations of chlorophyll a, b and total chlorophyll. Similar results were
found by Oliveira Neto et al. (2009) working with Sorghum bicolor.
Moreover water deficit promoted strong fall in the levels of carotenoids and
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chlorophylls. The degradation of the pigments is linked with the decrease of
the synthesis and/or degradation of carotenoids, because carotenoids are
accessory pigments in the absorption and transference of light, and are
used as chlorophyll protectors during the photo oxidation process (Sharma
& Hall 1991). In anthocyanin biosynthesis, sugars could act as precursors
of metabolic processes and as a signaling molecule in promoting gene
expression (Weiss 2000).

In the present study, anthocyanins increased with trehalose treatment,
but higher concentration of trehalose (60 mM) lead to decline in
anthocyanin content. The reason for reduced anthocyanin may be
inadequate separation of organelles in one type of cell. The onset of
senescence may relate to low carbohydrate levels in one cellular
compartment, such as cytosol, while there is no such low level in other
compartments, for example the vacuole (van Doorn & Woltering 2008).
These results are similar to those reported by Han (2003), who
demonstrated that sucrose in the vase solution of ‘Stargazer’ Lilium did not
increase vase life, but did increase opening of secondary buds and
anthocyanin content. Research on the uptake of exogenous sugars in cut
flower stems has revealed the presence of sucrose and trehalose in vase
solution increased carbohydrate content in cut stem. Comparison of sugar
profiles in leaves and petals in the experiment indicates that concentration
of carbohydrate in the leaf of the stems treated with trehalose was
maintained continuously up to day 10, but in cut stem treated with sucrose
carbohydrate decreased by day 10, while the concentration of carbohydrate
in petals increased continuously up to day 10 and was not significantly
different between all treatments. These findings suggesting the start of
yellowing that may be associated with the decrease in carbohydrate levels
in leaves and competition between leaves and petals for carbohydrate may
contribute to the short vase life of cut flowers.

CONCLUSION

The results obtained from the present study provided novel insights into
improving cut flower longevity and delaying yellowing processes in
Alstroemeria cut stems. 40 mM sucrose solution as well as 40 and 60 mM
trehalose extended the time to 50% petal fall and 50% leaf yellowing. The
best postharvest treatment for Alstroemeria was a 60 mM solution of
trehalose. It can thus be concluded that trehalose has a potential for
improving cut flower longevity. Trehalose causes the preservation of green
colour, which is considered a good parameter to evaluate the state of the
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leafy flowering stem. Therefore, carbohydrate supply may determine the
length of vase life of cut flowers. These results also suggest that more
elaborate studies are needed to be conducted on flowers to make a
generalized argument on the relationship between trehalose and petal
abscission.
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