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ABSTRACT 
 
This work had the goal to evaluate the influence of temperature and dry storage on the postharvest longevity of 
Epidendrum ibaguense flowers previously treated with silver thiosulfate (STS). The flowers were harvested and 
pulsed for 30 minutes with 2 mM STS. Then both, the STS treated and untreated flowers were packed in perforated 
low density polyethylene bags, packed in cardboard boxes and stored at 5 and 10°C, where they remained for four 
and eight days. After this period, the flowers were kept in vase with distilled water at 25oC, and analyzed at every 24 
h. The experiment was arranged in a complete random design 2 × 2 × 2 factorial scheme, with four replicates, 
containing four inflorescences each, except for the determination of transpiration and water rates uptake, composed 
by sixteen replicates of one stem. The vase life of the flowers of the E. ibaguense was increased to 6.5 days when 
pulsed with 2 mM STS for 30 minutes, followed by storage at 10ºC for a maximum period of four days. The STS 
applied before the cold storage reduced the rate of flower abscission and improved the ratio between the 
transpiration and water uptake. 
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INTRODUCTION 
 
The Orchidaceae family comprises a large 
proportion of the all the families of flowering 
plants, with an estimated 25,000 – 30,000 species 
worldwide (Pridgeon 2003). The commercial sales 
for the cut flowers in Brazil experienced a fast 
increase in the past decade, mainly due to more 
sales in the internal market, but the interest for 
new products abroad is enormous. The tropical 
ground orchid Epidendrum ibaguense is an 
excellent example of a new cut flower that can be 

introduced in the local and international markets, 
because of its relatively extended vase life 
(Moraes et al. 2009). However, for a successful 
commercialization as cut flower, a proper care 
must be taken regarding the postharvest handling 
during the shipping, wholesale and retail stores.  
Several factors reduce the vase life of cut flowers, 
among them the reduced capacity of water uptake 
and changes associated with ethylene production 
and sensitivity are the main causes for the wilting 
and abscission of the flowers (Finger and Barbosa 
2006). The reduction on water status can be 
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relieved or restored by cutting the base of the stem 
and by placing the flowers in proper vase solutions 
(Suzuki et al. 2001). Usually, the presence of 
substances that increase the water viscosity in the 
vase solution impair the capacity of water uptake. 
Thus, as a general role, it is recommended to use 
the hydration solutions in the form of pulsing, 
followed by immediate transfer to water (Van 
Doorn 1997).  
Ethylene enhances the senescence in the flowers in 
response to the stresses as well as autocatalytic 
production in climacteric flowers such as carnation 
and orchids (Verlinden et al. 2002; Mapeli et al. 
2009). A previous study has shown that E. 
ibaguense flowers are sensitive to ethylene, 
showing intense wilting and abscission after being 
exposed to relatively low concentrations (Moraes 
et al. 2007). Therefore, the use of 1-
methylcyclopropene or silver-containing solutions 
is necessary to enhance the vase life of cut E. 
ibaguense flowers (Finger et al. 2008). 
During the postharvest storage of flowers, the high 
rates of respiration and water loss accelerate the 
senescence. Thus, cold storage diminishes the rate 
of senescence, but the low temperature can induce 

the chilling injury symptoms in most of the 
tropical and subtropical flowers (Finger and 
Barbosa 2006). Flowers such as bird-of-paradise 
alpinia and heliconia develop chilling symptoms 
when stored between 10 to 13oC (Finger et al. 
2003; Jaroenkit and Paull 2003). The symptoms 
usually intensify when the product is transferred 
from the cold storage to room temperature (Morris 
1982). For the E. ibaguense flowers, there is no 
information regarding the sensitivity of this 
species to chilling and what kind of symptoms 
may develop during the cold storage. Thus, the 
aim of this work was to evaluate the effect of 
temperature and length of the storage on vase life 
of E. ibaguense flower pulsed or not with silver 
thiosulphate. 
 
 
MATERIALS AND METHODS  
 
Inflorescences stalks of E. ibaguense were 
harvested in the morning (8 a.m.) at stage number 
10 of development (Fig. 1), corresponding at least 
to 20 open flowers as established by Moraes et al. 
(2007).  

 

 
 

Figure 1 - Commercial harvest stage of E. ibaguense inflorescence. 
 
 
After the harvest, the inflorescences were placed 
in the buckets with distilled water and the base of 
stalk was re-cut to 30 cm long. Afterwards, the 
inflorescences were pulsed with 2 mM silver 
thiosulphate (STS) for 30 minutes or placed in 
distilled water (control) for the same period of 
time. In order to simulate the shipping, the 

inflorescences were wrapped in low density 
polyethylene bags (40 cm length × 20 cm wide) 
containing 32 perforation of 0.5 cm in diameter 
and placed in closed cardboard boxes (45 cm  
long × 20 cm wide × 15 cm height), lying down 
horizontally and immediately placed at 5 and 10oC 
with relative humidity of 75% for a period of four 
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and eight days. Then, the inflorescences were cut 
at 2 cm from the stalk base and immediately 
placed in the vases with distilled water at room 
temperature of 25oC. At every 48 h, the vase water 
was replaced and the base of the stalk was re-cut at 
2 cm to avoid clotting. The vase life was 
determined as the number of days between the 
removal of the inflorescences from the cold 
storage and until had at least 50% of abscised 
flowers and wilted petals (Moraes et al. 2007). At 
frequency of 24 h, the changes in fresh mass, 
abscission of flowers and rates of water uptake and 
transpiration were determined. 
The changes of inflorescences fresh mass were 
evaluated by the increase or reduction of mass 
compared to the weight from the beginning of the 
vase life (100%) after four or eight days of cold 
storage. The daily rate of abscised flowers 
followed the procedure established by Finger et al. 
(2008). The rate of water uptake and transpiration 
by the inflorescences were determined using the 
method described by Van Doorn et al. (2002) as 
follows. Individual inflorescences were weighed 
and the base was placed in individual vials 
containing 50 g of distilled water at 20oC. At every 
24 h, the vials were weighed again with and 
without the inflorescences. In order to eliminate 
the water evaporation from the vials, the top was 
wrapped with four layers polyvinyl chloride 
plastic film. The rate of water uptake was obtained 
by its consumed mass in mg day-1 as follow:  

MW = (MWi – MWf) 
 

where MW was mass of uptake water from the 
vial; MWf final weight of water after 24 h, and 
MW i as initial weight of water.  
Transpiration rate in each inflorescence was 
estimated in mg day-1 using the following formula: 

TR = (FMi + MW) - FMf 
 

where TR was transpiration rate per inflorescence; 
FMf the final fresh mass of the inflorescence after 
hydration; FMi as the initial fresh mass of the 
inflorescence before hydration; MW as the mass of 
uptake water. The ratio of transpiration/water 
uptake was estimated by dividing the TR/MW. 
A completely randomized design was used with a 
factorial 2 × 2 × 2 (treated with STS and control × 
two storage temperatures × 2 periods of storage) 
with four replicates composed by four 

inflorescences each. For the water uptake and 
transpiration determination 16 individual 
inflorescences were used. The data were submitted 
to analysis of variance (ANOVA) and comparison 
of means was carried out using the Scott-Knott test 
(P > 0.05). Standard error was used for descriptive 
statistics. 
 
 
RESULTS AND DISCUSSION 
 
Regardless of the pulsing with 2.0 mM STS for 30 
minutes, there was an increase in the inflorescence 
total fresh mass when placed in the water, 
following the storage for four or eight days at 5 or 
10oC (Fig. 2A and 2B). However, the higher 
increase in the mass was obtained for those 
inflorescences treated with the STS, enhancing the 
fresh mass in 5.8 and 13% for the stalks stored at 
10oC for four or eight days, respectively. 
Afterwards, the fresh mass decreased, even after 
re-cutting the base of the stalk at every two days 
(Fig. 2A and 2B).  
Independent of STS pulsing, the dry storage of the 
inflorescences at 5oC for eight days induced bigger 
rates of fresh mass loss throughout the subsequent 
vase life (Fig. 2A and 2B). Similar to this work, 
Mengüç and Zencirkiran (1996) found that the 
highest rates of fresh mass loss during the vase life 
of Alstromeria were related to longer periods of 
cold storage.   
The inflorescences pulsed with 2.0 mM STS 
before the storage at 10oC had the highest increase 
of fresh mass within the first 24 h in the vase, 
regardless if the flowers were stored for four or 
eight days (Fig. 2A and 2B). Afterwards, there was 
a continuous decrease in the stalk fresh mass for 
all the treatments, even after the base of the stalks 
was re-cut at every two days. Particularly in 
inflorescences stored for eight days, the new cut 
done at the base of the stem did not have any 
noticeable effect on the rate of fresh mass loss, 
probably by having no significant influence on the 
water uptake by the stem or due to a high 
transpiration rate experience by the inflorescence. 
Van Doorn et al. (1995) found that the petal 
wilting in cut Iris flowers was due higher rate of 
transpiration compared to water uptake.  
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Figure 2 - Changes in fresh mass of E. ibaguense inflorescences during vase life previously pulsed 
with 2 mM STS and stored for 4 (A) and 8 (B) days at 5 (__

�
__) and 10oC (__

�
__), and 

control at 5 (__


__) and 10oC (__
�

__). The arrows indicate the re-cut of the stem base. 
Mean ± SE, n = 16. 

 
 
 
Once the cold storage of four or eight days was 
over and the length of vase life was initiated, the 
control flowers had higher rates of flower 
abscission compared to the 2.0 mM STS pulsed 
stalks, regardless of the temperature or length of 
storage (Fig. 3A and 3B). Inhibition of flower 
abscission was achieved by pulsing the E. 
ibaguense inflorescences with STS or by 
fumigating with 1-MCP immediately after the 
harvest, followed by keeping the flowers in vase 
containing only water (Finger et al. 2008). These 

results showed that the pulsing with STS done four 
or eight days before being placed in the vase with 
water was still efficient in reducing the flowers 
abscission compared to the untreated stalks (Fig. 
3A and 3B). For the control stalks, stored for four 
days, the accentuated rate of abscission started one 
and two days after the removal from the cold 
storage at 5 and 10oC, respectively. But, for the 
STS treated stalks, the sharp increase in abscission 
was delayed and began at day three and four for 
the temperatures of 5 and 10oC, respectively (Fig. 
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3A and 3B). Regardless of the temperature of 
storage, in the flowers with eight days storage, the 
efficiency of the STS treatment was much lower, 
with high drop of flower within the first day of 
vase life. This result might be related to the 

presence of chilling injury symptoms due to the 
prolonged cold storage, as previously observed in 
bird-of-paradise flowers during a long term cold 
storage at 5 and 10oC (Finger et al. 2003).  
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Figure 3 - Abscission of E. ibaguense flowers during vase life previously pulsed with 2 mM STS 
and stored for 4 (A) and 8 (B) days at 5 (__

�
__) and 10oC (__

�
__), and control at 5 

(__


__) and 10oC (__
�

__). The arrows indicate the re-cut of the stem base. Mean ± SE, n 
= 16. 

 
 
The vase life was longer for those inflorescences 
pulsed with 2.0 mM STS, independently if they 
were stored for four or eight days in cold storage 
(Fig. 4A and 4B). The longest vase life, 6.5 days, 
was obtained for the inflorescences treated with 
STS and stored for four days at 10oC, and the 
shortest life of 2.2 days for the inflorescences 
stored without pulsing with STS for eight days at 
5oC (Fig. 4A and 4B). However, the vase life was 
improved in one day when the inflorescences were 
treated with STS, which was able to alleviate the 

chilling injury especially in those inflorescences 
stored at 5oC.  
The symptoms of chilling in these flowers 
included the development of wilting and necrotic 
spots on the petals, which might appear only after 
moving the inflorescences from the cold storage to 
room temperature (Fig. 5). Several important 
commercial flowers are chilling sensitive, 
including heliconias, ginger, Alpinea and bird-of-
paradise (Finger and Barbosa 2006). 
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Figure 4 – Vase life of E. ibaguense flowers previously pulsed with 2 mM STS (black bars) and 
stored for 4 (A) and 8 (B) days and control (white bars) at 5 and 10oC. Means followed 
by different upper case letters are significantly different between temperatures at same 
treatment and the lower case letters between the 2 mM STS pulsed and control 
inflorescences at the same temperature by Scott-Knott test at 5% probability, n = 16. 

 
 

 
 

Figure 5 - Development of chilling symptoms of necrosis spots in E. ibaguense inflorescences 
stored for 8 days at 5ºC.   
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Independent of 2 mM STS pulsing, the 
inflorescences stored for four days had better 
water balance throughout the vase life compared to 
eight days storage, because the ratio 
transpiration/water uptake (TR/MW) had a less 
sharp increase after removed from the cold storage 

and placed in the water (Fig. 6A and 6B). During 
the first day of vase life, all the treatments had a 
higher rate of water uptake, because the ratio 
TR/MW was below 1.0, afterwards started to 
increase with different rates depending on the 
treatment (Fig. 6A and 6B). 
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Figure 6 – Ratio transpiration/water uptake of E. ibaguense flowers during vase life previously 
pulsed with 2 mM STS and stored for 4 (A) and 8 (B) days at 5 (__

�
__) and 10oC 

(__
�

__), and control at 5 (__


__) and 10oC (__
�

__). The arrows indicate the recut of the 
stem base. Mean ± SE, n = 16. 

 
 
 
In the cut anthurium, Sankat and Mujaffar (1994) 
found that when the ratio TR/MW was above 1.5 
symptoms of water stress were evident. This 
seemed to be true for the E. ibaguense 
inflorescences, since the control treatments stored 
for four days at 5oC and eight days at 10oC had the 
sharpest increase in the ratio TR/MW well above 
1.5, which resulted in a four and three day vase 
live (Fig. 6A and 6B). The lowest rate of increase 
in the ratio TR/MW was present in the 
inflorescences treated with STS and stored for four 
days at 10oC, which was above 1.5 after six days 
in the vase, resulting in the longest vase life 
compared to all the treatments (Fig. 4A). Re-

cuting the base of the stem at every two days had 
some effect in temporarily restoring the water 
balance in the inflorescences stored for four days. 
The re-cut was particular affective in the control 
inflorescences stored for four days at 5oC, 
lowering the ratio TR/MW from 2.8 to 1.8 
between the second and third day of vase life, but 
still was above the 1.5 critical value (Fig. 6A).  
The STS treatment was affective in keeping the 
ratio TR/MW, especially in the flowers stored for 
four days, which indicated that ethylene might be 
involved in the obstruction of the xylem vases, 
impairing the water balance. 
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