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Abstract: Vase life is one of the most important factors that determines the marketability of cut flowers
and is greatly affected by the water balance. The vase life of cut hydrangea flowers varies greatly
depending on the postharvest solution management. Therefore, this study investigated the vase life of
freshly harvested hydrangea (Hydrangea macrophylla ‘Verena’) according to the three types of preservative
solutions (tap water (TW), 1% Chrysal Professional III (CPIII), 2% sucrose + 250 mg/L 8-hydroxquinoline
+ 100 mg/L citric acid (SHQC)) and the combination solutions (pretreatment; TW, 0.1% Chrysal RVB
(RVB), Floralife Quick Dip (FQ), transport; TW, CPIII, Floralife Clear (FC), preservative; CPIII, FC) for
each distribution stage (pretreatment–transport–consumer). In the preservative comparison experiment,
compared with the control, SHQC and CPIII significantly increased the vase life in 2019 (0.7 days,
3.4 days) and 2020 (1.4 days, 3.1 days), respectively. In the comparative experiment, by solution
combination, the group (RVB, FQ) using the pretreatment significantly extended the vase life by 5.9 days
and 4.6 days compared with the TW. These results confirm the importance of preservative solutions and
pretreatment, suggesting that appropriate pretreatment and preservatives should be used to improve
the marketability of cut hydrangea flowers.

Keywords: cut flower; preservative solution; pretreatment; transport; sucrose

1. Introduction

Hydrangea (Hydrangea spp.) is an ornamental plant widely used in the garden as
a potted plant and also for cut flower production. Especially, Hydrangea macrophylla is
the most cultivated cultivar among the Hydrangea species. Hydrangea inflorescences
are classified into two types: hortensia and lace caps, depending on the arrangement of
decorative and nondecorative flowers. Hortensia-type hydrangea, which has a high market
share in the cut flower market, is classified into two stages: fresh stage and antique stage,
depending on the harvest stage [1].

Vase life of cut hydrangea flowers harvested in the fresh stage is usually short, between
7 and 15 days [2]. Vase life is one of the most important quality factors affecting the
marketability and customers’ satisfaction of cut hydrangea flowers [3]. An important factor
in determining the quality of cut flowers is known as vase life, which is affected by water
absorption and evaporation [4]. Water absorption and evaporation of cut hydrangea flowers
in all cut flowers is associated with catabolism, such as respiration, and decreases due to
vascular occlusions by air embolism and microorganisms. In particular, microorganisms
block the ends of cut flowers’ stems, inhibiting solution uptake and shortening vase
life [1,5]. To solve this problem, some studies have been conducted to extend the vase life
of cut flowers by adding various preservatives to vase water [6–10]. In addition, the most
important problem after harvesting cut flower hydrangea is that if the water supply is not
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maintained, air embolism may occur. Air embolism in xylem conduits can partially or
completely block the water transport path between roots and sinks for water in plants [11].
Wilting is sometimes caused by air embolism and is a criterion for the end of vase life,
and the vase life of cut hydrangeas is shortened due to sepal browning and wilting [12].
To prevent wilting by air embolism, cut flowers should be pretreated immediately after
harvesting, have moisture managed during transport, and obtain preservative solution
treatment at the consumer stage.

In many previous studies, aluminum sulfate, 8-hydroxyquinolin, 8-hydroxyquinolin
sulfate (8-HQS), 8-hydroxyquinolin citrate, ethanol, and sodium hypochlorite are typically
used as preservatives. In particular, 8-HQS is one of the essential preservatives used in
cut flowers and has been reported to have a positive effect [13–15]. 8-HQS mainly acts
as an antibacterial agent and has been reported as a mechanism to increase moisture by
physiologically reducing stem blockage in sterile tissue absorption [16]. Sucrose is the most
commonly used sugar to extend the vase life of cut flowers, and exogenous application of
sucrose can supply large amounts of respiratory substrate to cut flowers and induce the
flowering of flowers that are harvested at the bud stage. It is also known to improve water
relationships by acting as osmotically active molecules [17].

However, although many studies on the effects of 8-HQS and sucrose have been
reported, studies comparing the effects of 8-HQS and sucrose with preservatives commer-
cially used in actual farmhouses are lacking.

The market for hydrangea is largely divided into domestic and export, and is com-
monly subdivided into harvest–transport–sale. In order to maintain the quality of cut
flowers, proper vase solution treatment (pretreatment after harvesting, water container
during transportation, preservative solution after purchase) should be performed at each
distribution stage.

We aimed to compare the effects of currently used preservatives and scientifically
reported preservatives on the vase life of cut hydrangea flowers, and further investigate
the effect of each combination of pretreatment, transport, and preservative treatment.

2. Materials and Methods
2.1. Plant Materials

The hydrangea cultivar used in this experiment were those that are widely sold in
Korea, and all were harvested in fresh stages. The cut hydrangea flower samples were
’Verena’ grown in a farm in Gangjin, Jeollanam-do, South Korea (34◦34′06” N 126◦50′08” E).
The flowers were harvested at the commercial stage, where about 80% of the florets showed
the colors of the cultivar in June of 2019 and 2020. The harvested flowers were immediately
pretreated in a cold storage at 4 ◦C for 24 h. After pretreatment, they were recut to a length
60 cm and put in a water container and transported to the postharvest laboratory within
three hours. Then, the flowers were stored 72 h at 4 ◦C to transport conditions during
simulated export. After simulated transport, the flower stems were recut to a length of
48 cm and five upper leaves were held on each stem for vase life evaluation.

2.2. Treatment Solutions

In this study, the first experiment is a comparative experiment with 3 types of preser-
vation solutions, and the second experiment is a comparative experiment with 4 types
of solution combinations for each postharvest treatment stage. The postharvest treat-
ment stage was divided into a pretreatment stage at the farm, a transport stage during
distribution, and a stage for preserving cut flowers after purchase.

For comparison by preservative solution treatment, the pretreatment and transporta-
tion solution were treated with tap water (TW), and then the preservation solution was
used. The preservative solutions used were 1% Chrysal Professional III (CPIII), 2% su-
crose + 250 mg/L 8-hydroxquinoline + 100 mg/L citric acid (SHQC), and TW as control.
Preservative solution treatment was carried out by putting 700 mL of preservative solution
prepared in advance in a glass bottle (1000 mL).
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For comparison by solution combinations for each postharvest treatment stage, the
pretreatment solution used were 0.1% Chrysal RVB (RVB), Floralife Quick Dip (FQ), and
TW as control. For pretreatment, after the hydrangea flowers were harvested, they were
immediately transferred to storage set at 4 ◦C and immersed in the pretreatment solution
for 24 h. The transport solution used were CPIII, Floralife Clear (FC), and TW as control.
The pretreated flowers were put in a water container containing transport solution, and
then packed in a cardboard box and stored at 4 ◦C for 72 h, which was simulated transport
with consideration for the transport period from packaging to sales. The preservative
solution used were CPIII and FC. All solutions were prepared fresh at the initiation of the
study. The conditions of the vase life evaluation room included a fluorescent lamp turned
on for 12 h from 6 am to 6 pm every day with a room temperature of 22± 1 ◦C, and relative
humidity of 60 ± 5%.

2.3. Relative Fresh Weight, Solution Uptake, Water Balance, and Vase Life

Fresh weight and solution uptake were measured once every 2 days. Fresh weight was
calculated by subtracting the weight of the vase and solution from the total weight of the
vase, solution, and flower. Relative fresh weight was calculated as the rate of fresh weight
change, which was calculated as a percentage of fresh weight at the day of measurement
compared with fresh weight at the day of initial.

Relative fresh weight (% of initial) = (Wt/W0) ∗ 100 (1)

Wt = the weight of flower stem (g) at the day of measurement (2)

W0 = the weight of flower stem (g) at the day of initial (3)

Solution uptake was investigated by subtracting the weight of the vase and solution
on the day of measurement from the weight of the vase and solution on the previous day.
Total solution uptake was calculated by adding up all daily solution uptakes. Water balance
was investigated by subtracting transpiration from solution uptake, and transpiration was
investigated by subtracting the total weight (sum of the weight of the vase, solution, and cut
flower) on the day of measurement from the total weight on the previous day. Vase life was
defined by the duration from the initial experiment to the occurrence of wilting, browning,
and drying. The degree of flower wilting, browning, drying and vase life of flowers was
determined according to the morphological stages and appearance of symptoms such as
drying, brown edges, wilting flower, and bent neck (Figure 1).
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2.4. Statistical Analysis

The experiment with preservative solution 3 treatment and postharvest solution
combination 4 treatments was conducted in completely randomized design (CRD) with
three replicates and three flowers for each replication. For statistical analysis, data were
subjected to Brown–Forsythe and Welch analysis of variance (ANOVA) using the SPSS
20 (SPSS Inc., Chicago, IL, USA), while the significance of differences was assessed using
Duncan’s multiple range test (p < 0.05).

3. Results
3.1. Relative Fresh Weight Due to Preservative Solution

Fresh weight results were expressed as relative fresh weight with the results for
each preservative solution treatment shown in Figure 2. Relative fresh weight in SHQC
treatment increased sharply until 8 days (2019) and 10 days (2020), respectively (Figure 2).
As a result, in 2019, TW and CPIII treatment maintained, as compared with initial weights,
whereas the SHQC treatment increased at 8 days (Figure 2a). As a result, in 2020, a pattern
similar to the 2019 result was shown, and the TW and CPIII treatment maintained the
initial weight, while the SHQC treatment increased the fresh weight compared with the
initial weight. (Figure 2b).

Horticulturae 2021, 7, 406 4 of 12 
 

 

 
 

(a) (b) 

Figure 1. The main senescence symptoms of cut hydrangea flowers ‘Verena’ (a) browning (b) wilting. 

2.4. Statistical Analysis 

The experiment with preservative solution 3 treatment and postharvest solution 

combination 4 treatments was conducted in completely randomized design (CRD) with 

three replicates and three flowers for each replication. For statistical analysis, data were 

subjected to Brown–Forsythe and Welch analysis of variance (ANOVA) using the SPSS 20 

(SPSS Inc., Chicago, IL, USA), while the significance of differences was assessed using 

Duncan’s multiple range test (p < 0.05). 

3. Results 

3.1. Relative Fresh Weight due to Preservative Solution 

Fresh weight results were expressed as relative fresh weight with the results for each 

preservative solution treatment shown in Figure 2. Relative fresh weight in SHQC treat-

ment increased sharply until 8 days (2019) and 10 days (2020), respectively (Figure 2). As 

a result, in 2019, TW and CPⅢ treatment maintained, as compared with initial weights, 

whereas the SHQC treatment increased at 8 days (Figure 2a). As a result, in 2020, a pattern 

similar to the 2019 result was shown, and the TW and CPⅢ treatment maintained the 

initial weight, while the SHQC treatment increased the fresh weight compared with the 

initial weight. (Figure 2b). 

  
(a) (b) 
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in (a) 2019 and (b) 2020. Vertical bars indicate standard deviation of means (n = 9). TW, tap water; CPIII, 1% Chrysal
Professional III; and SHQC, 2% sucrose + 250 mg/L 8-hydroxquinoline + 100 mg/L citric acid.

3.2. Solution Uptake and Total Solution Uptake Due to Preservative Solution

Solution uptake decreased until the 10th day after preservative solution treatment
in all treatments, and TW treatment was the the lowest until 6 days after treatment, but
there was no significant difference between treatments. In addition, CPIII treatment and
SHQC treatment maintained solution uptake as much as the initial solution uptake level
until the end of vase life (Figure 3a). Total solution uptake in 2019 was 199.08 g/stem in
CPIII treatment, which was higher than tap water treatment (138.00 g/stem) and SHQC
treatment (163.54 g/stem) (Table 1). As a result, in 2020, the initial solution uptake of
the three treatments was 15.3, 15.9, and 16.3 g/stem, respectively, and the difference in
absorption between TW, CPIII, and SHQC treatments was 0.6~1 g/stem, which was similar.
Changes in solution uptake during the preservation period of cut flowers were 8.9, 11.4,
and 12.0 g/stem at 19 days, respectively. The difference in solution uptake between TW
and treatment with CPIII and SHQC ranged from 2.5 g/stem to 3.1 g/stem, and there was
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a statistically significant difference between the control and treatment groups (Figure 3b).
In 2020, the total solution uptake of CPIII and SHQC was 135.28 and 132.71 g/stem,
respectively, which was statistically significantly higher than TW treatment (Table 1).
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Table 1. Total solution uptake of cut hydrangea flowers ‘Verena’ kept in each preservative solution
treatment in 2019 and 2020.

Year Pretreatment
Solution

Transport
Solution

Preservative
Solutions

Total
Solution
Uptake
(g/stem)

F/p Value
Brown–

Forsythe
Value

2019
TW TW TW z 138.00 b y

4.759/0.058 ns x 0.095TW TW CPIII 199.08 a
TW TW SHQC 163.54 ab

2020
TW TW TW 105.12 b

4.206/0.27 * 0.028TW TW CPIII 135.28 a
TW TW SHQC 132.71 a

z Abbreviations: TW = tap water; CPIII = 1% Chrysal Professional III; SHQC = 2% sucrose + 250 mg/L 8-
hydroxquinoline + 100 mg/L citric acid. y a, ab, b: Mean separation within columns by Duncan’s multiple
ranges test at p < 0.05. x Minimum vase life and maximum vase life (day). ns, *: Nonsignificant or significant at
p < 0.05, respectively.

3.3. Water Balance Due to Preservative Solution

The water balance results according to the preservative solution treatment showed a
similar trend to the 2019 and 2020 results, and the water balance in the SHQC treatment
was maintained longer than that of other treatments. The number of days to maintain the
water balance was the date at which water balance value changed from a positive value
to a negative value. As a result, in 2019, the number of days to maintain water balance in
SHQC treatment was 8, which was maintained for 2–4 days longer than 6 days for CPIII
treatment, and 4 days for TW (Figure 4a). In the study conducted in 2020, the number of
days of maintaining water balance in SHQC treatment was 10, which was 2–4 days longer
than 8 days for CPIII treatment, and 6 days for TW (Figure 4b).
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3.4. Vase Life Due to Preservative Solution

The use of a preservative was effective in extending the vase life following the treat-
ment with a preservative solution (Table 2). As a result, in 2019, the vase life of CPIII
treatment and SHQC treatment was extended by 0.7–3.4 days as compared with the TW
treatment. The minimum vase life of CPIII treatment was 18 days and the maximum
vase life was 23 days, which exceeded the vase life of TW and SHQC treatment. In the
2020 results, the vase life was extended with the CPIII treatment and SHQC treatment as
compared with the TW. In both 2019 and 2020, CPIII treatment and SHQC treatment with a
preservation solution at the consumer stage was effective in extending the vase life of cut
hydrangea flowers.

Table 2. Vase life and main factor of senescence of cut hydrangea flowers ‘Verena’ kept in each preservative solution
treatment in 2019 and 2020.

Year
Pretreatment

Solution
Transport
Solution

Preservative
Solutions

Vase Life (days)
F/p Value

Brown–
Forsythe

ValueAverage Min. x Max. MF r

2019
TW z TW TW 17.3 b y 17 18 B

3.652/0.092 ns 0.163TW TW CPIII 20.7 a 18 23 B/W
TW TW SHQC 18.0 ab 17 19 W

2020
TW TW TW 20.9 b 20 21 B

6.316/0.006 ** 0.012TW TW CPIII 24.0 a 21 28 B/W
TW TW SHQC 22.3 ab 20 24 W/B

z Abbreviations: TW = tap water; CPIII = 1% Chrysal Professional III; SHQC = 2% sucrose + 250 mg/L 8-hydroxquinoline + 100 mg/L
citric acid. y a, ab, b: Mean separation within columns by Duncan’s multiple ranges test at p < 0.05. x Minimum vase life and maximum
vase life (day). r Main factor in determining the vase life of cut flowers (B, browning; W, wilting). ns, **: Nonsignificant or significant at
p < 0.01, respectively.

3.5. Relative Fresh Weight Due to Combination of Postharvest Solution

The results of relative fresh weight by solution combination for each postharvest
treatment stage are shown in Figure 5a. There was a slight difference in the maintenance
period of fresh weight for each treatment. As compared with other treatments, the RVB–
CPIII–CPIII combination had the longest fresh weight maintenance period of 23 days and
showed a difference of about 5 days. During vase life, the RVB–CPIII–CPIII combination
was higher than those without pretreatment. It was similar to the FQ–FC–FC combination,
and there was no significant difference.
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3.6. Solution Uptake and Total Solution Uptake Due to Combination of Postharvest Solution

The results of solution uptake and total solution uptake by solution combination for
each postharvest treatment stage are shown in Table 3 and Figure 5b. Solution uptake
gradually decreased during the preservation period of cut flowers commonly for all treat-
ments. In particular, the solution uptake of cut flowers treated with the TW–TW–CPIII and
TW–CPIII–CPIII combination decreased sharply from 18 days. On the other hand, the RVB–
CPIII–CPIII combination and FQ–FC–FC combination maintained solution uptake during
vase life as compared with other combinations. This finding was statistically significant
both by using Duncan’s multiple range test between absolute values, and with repeated
measurements. The total solution uptake by each postharvest solution was 164.92 g/stem
in the RVB–CPIII–CPIII combination, which was the highest as compared with other
treatments, but there was no statistically significant difference between treatments.

Table 3. Total solution uptake of cut hydrangea flowers ‘Verena’ by solution combination for each
postharvest treatment stages in 2020.

Pretreatment
Solutions

Transport
Solutions

Preservative
Solutions

Total Solution
Uptake
(g/stem)

F/p Value
Brown–

Forsythe
Value

TW z TW CPIII 141.18 a y

2.024/0.130 ns 0.133
TW CPIII CPIII 143.78 a
RVB CPIII CPIII 164.98 a
FQ FC FC 158.48 a

z Abbreviations: TW = tap water; CPIII = 1% Chrysal Professional III; RVB = 0.1% Chrysal RVB; FQ = Floralife
Quick Dip; FC = Floralife Clear. y a: Mean separation within columns by Duncan’s multiple ranges test at
p < 0.05.). ns: Nonsignificant at p < 0.01, respectively.

3.7. Water Balance Due to Combination of Postharvest Solution

The results of water balance according to the solution management in the overall
process from preharvest treatment to preservation solution showed a dramatic effect
depending on the treatment (Figure 5c). The effect of maintaining the water balance
according to the treatment of the transport solution used in the distribution stage was
insignificant. The number of days for maintaining water balance between the TW–TW–
CPIII combination and the TW–CPIII–CPIII combination was the same 9 days; therefore
there was no difference between TW and CPIII used as a transport solution. However, due
to the use of pretreatment, the number of days for maintaining water balance was slightly
extended. The number of days for maintaining water balance of the RVB–CPIII–CPIII and
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the FQ–FC–FC combination with the pretreatment was 23, which was extended by 5 more
days than the TW–TW–TW and the TW–CPIII–CPIII combination without pretreatment. In
addition, there was a difference in the time when the water balance value rapidly decreased,
depending on whether or not pretreatment was used. The combination with pretreatments
such as RVB and FQ started to decrease from day 18, while the combination without
pretreatment decreased sharply from day 18.

3.8. Vase Life Due to Combination of Postharvest Solution

The effect of pretreatment performed in the postharvest treatment stage was clearly
different in the results of vase life according to the 4 groups of postharvest solution
combinations (Table 4, Figure 6). The average vase life of the group pretreated with RVB
and FQ were 29.9 and 28.6 days, respectively, which was longer than that of the group
without pretreatment. In particular, the vase life of the RVB–CPIII–CPIII combination
was 27 days at the minimum and 35 days at the maximum, which exceeded the vase life
range of the TW–TW–CPIII combination. Through these results, it was confirmed that the
use of an appropriate pretreatment agent is an important factor to extend vase life and
improve quality.

Table 4. Vase life and main factor of senescence of cut hydrangea flowers ‘Verena’ by solution combination for each
postharvest treatment stage in 2020.

Pretreatment
Solution

Transport
Solution

Preservative
Solution

Vase Life (Days)
F/p Value

Brown–Forsythe
ValueAverage Min. x Max. MF r

TW z TW CPIII 24.0 b y 21 28 W

9.674/0.000 *** 0.000
TW CPIII CPIII 25.0 b 20 29 B
RVB CPIII CPIII 29.9 a 27 35 B
FQ FC FC 28.6 a 23 31 B

z Abbreviations: TW = tap water; CPIII = 1% Chrysal Professional III; RVB = 0.1% Chrysal RVB; FQ = Floralife Quick Dip; and FC = Floralife
Clear. y a: Mean separation within columns by Duncan’s multiple ranges test at p < 0.05. x Minimum vase life and maximum vase life (day).
r Main factor in determining the vase life of cut flowers (W, wilting; B, browning). ***: significant at p < 0.001, respectively.
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4. Discussion

Cut hydrangea flowers are sensitive to water stress, and when water is insufficient,
the water balance of the calyx changes to a negative value. The main causes of water
stress are interruption of water supply and vascular occlusion at the tip of the stem [18].
Most cut flowers, including cut hydrangea flowers, have a high initial solution uptake rate,
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but decrease over time, mainly due to vascular blockage by microorganisms and air em-
bolism [9]. The impact of kept water relations on extending the vase life is constructed on
the conclusion that cut hydrangeas are sensitive to water shortage caused by disturbing the
postharvest water balance [9,12,19]. If these causes persist, they wither and the quality of
the cut flowers deteriorates, which is the standard for the end of the vase life [1]. Asrar [13]
reported that solution uptake through preservative treatment improved the water balance
and freshness of flowers and reduced premature wilting, thereby improving the vase life
of cut flowers, which is similar to our comparative results of preservative treatment. In our
study, we observed the vase life of cut hydrangea flowers according to the combination of
a preservation solution at the consumer stage and solution combination for each posthar-
vest treatment stage after harvest for the purpose of improving the marketability of cut
hydrangea flowers. For hydrangeas grown in Korea, it usually takes 2–3 days for export to
the destination country. During this period, water management should be focused on the
pretreatment stage immediately after harvest and the transportation stage. Pretreatment
immediately after harvest is an essential step as it artificially supplies nutrient moisture to
cut flowers whose supply of moisture and nutrients is interrupted [20]. In addition, the
use of preservatives as a post-treatment concept to help prolong the flower viewing period
at the consumer stage is also effective in extending the vase life. In particular, the various
chemical solutions used in this study, such as RVB, CPIII, SHQC, FQ, and FC, generally
have a specific purpose, so proper use is required. Previous studies reported that there was
a strong correlation between solution uptake and fresh weight [5,21], and the combined
effect of sucrose and antibacterial agents on the fresh weight of cut flowers was significantly
greater than that of single treatment [22]. Sucrose supply is known to increase vase life,
and it has been reported that it may act as an osmotic active molecule constituting a water
relationship, as well as a nutrient source for tissues [23–25]. Similar to these reports, in our
study, RVB as a pretreatment and SHQC as a preservative solution absorbed more solution
than TW treatment and improved water balance. In addition, SHQC treatment with 2%
sucrose significantly increased the fresh weight as compared with TW treatment. These re-
sults at fresh weight are similar to those of solution uptake positively affected by 8-HQ with
2% sucrose. Ku and Cho [26] also used 8-HQS to increase vase life of cut hydrangeas. They
performed three different experiments [1% and 3% sucrose + 250 mg/L 8-HQS, varying
pH levels (3.5–5.5 and 7.5), organic acids (citric and ascorbic)] and 3% sucrose + 250 mg/L
8-HQS. As a result, it was reported that 8-HQS (pH 3.5), or 3% sucrose + 250 mg/L 8-HQS
+ 100 mL citric acid, was effective in improving the cut flower quality of hydrangeas. As
such, the maintenance of the water balance according to the increase in solution uptake and
the decrease in transpiration can have a positive effect on fresh weight by preventing the
water loss of cut flowers. In addition, pretreatment using RVB, which consists of sucrose
and disinfectant, and transportation and preservation processing using CPIII, which is
used for a different purpose than RVB, is one of the postharvest management technologies
that must be performed in the entire distribution process, from harvesting to sales. When
managing in this way, it was confirmed that the effect of maintaining the marketability
was excellent.

5. Conclusions

This study was set up to highlight the importance of using the right pretreatment
and preservatives at farms and in distribution stages by showing the potential effects on
maintaining the commerciality of cut hydrangea flowers and extending the vase life. In the
preservation solution comparison experiment, treatment with 1% CPIII and SHQC signifi-
cantly extended the vase life of cut hydrangea flowers by 3.1 days and 1.4 days, respectively,
as compared with control. In the comparative experiment of solution combination for each
postharvest treatment stage, the pretreatment group using RVB and FQ significantly ex-
tended the vase life of cut hydrangea flowers to 5.9 and 4.6 days, respectively, as compared
with control group (TW–TW–CPIII). These results show that using a pretreatment solution
is effective in improving the quality of cut hydrangea flowers after long-term distribution.



Horticulturae 2021, 7, 406 10 of 11

However, SHQC used in the preservation solution comparison experiment was conducted
to explore the possibility of replacing commercial preservatives, but did not obtain ben-
eficial results, such as extending the vase life of cut hydrangea flowers and maintaining
freshness. Therefore, new research on finding the optimal combination of sucrose, 8-HQS,
and citric acid, and developing eco-friendly pretreatments and preservatives using natural
materials should be performed.
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18. Kazaz, S.; Kılıç, T.; Doğan, E.; Sekmen, Ş. Vase life extension of cut hydrangea (Hydrangea macrophylla) flowers. J. Hortic. Sci.
Biotechnol. 2020, 95, 325–330. [CrossRef]

19. Rafi, Z.N.; Ramezanian, A. Vase life of cut rose cultivars ‘Avalanche’ and ‘Fiesta’ as affected by Nano-Silver and S-carvone
treatments. S. Afr. J. Bot. 2013, 86, 68–72. [CrossRef]

20. Reid, M.S. Handling of Cut Flowers for Export; Proflora Bulletin; 2009; pp. 1–26. Available online: https://ucanr.edu/sites/
Postharvest_Technology_Center_/files/231308.pdf (accessed on 14 October 2021).

21. Amin, O.A. II-Effect of some chemical treatments on keeping quality and vase life of cut chrysanthemum flowers. Middle East J.
Agric. Res. 2017, 6, 221–243.

22. Ichimura, K.; Shimizu-Yumoto, H. Extension of the vase life of cut roses by treatment with sucrose before and during simulated
transport. Bull. Natl. Inst. Flor. Sci. 2007, 7, 17–27.

23. Elgimabi, M.E.N.E. Vase life extension of Rose cut flowers (Rosa Hybrida) as influenced by silver nitrate and sucrose pulsing. Am.
J. Agric. Biol. Sci. 2011, 6, 128–133. [CrossRef]

24. Yagi, M.I.; Eldeen, M.; Elgemaby, N.E. Effect of bactericides and sucrose pulsing on longevity and vase life of rose cut flowers. Int.
J. Sci. Basic Appl. Res. 2014, 14, 117–129.

25. Norikoshi, R.; Shibata, T.; Niki, T.; Ichimura, K. Sucrose treatment enlarges petal cell size and increases vacuolar sugar concentra-
tions in cut rose flowers. Postharvest Biol. Technol. 2016, 116, 59–65. [CrossRef]

26. Ku, B.S.; Cho, M.S. Vase life and quality as affected by various holding solution of cut Hydrangea macrophylla. Flower Res. J. 2014,
22, 12–20. [CrossRef]

http://doi.org/10.1080/14620316.2019.1676660
http://doi.org/10.1016/j.sajb.2013.02.167
https://ucanr.edu/sites/Postharvest_Technology_Center_/files/231308.pdf
https://ucanr.edu/sites/Postharvest_Technology_Center_/files/231308.pdf
http://doi.org/10.3844/ajabssp.2011.128.133
http://doi.org/10.1016/j.postharvbio.2016.01.003
http://doi.org/10.11623/frj.2014.22.1.3

	Introduction 
	Materials and Methods 
	Plant Materials 
	Treatment Solutions 
	Relative Fresh Weight, Solution Uptake, Water Balance, and Vase Life 
	Statistical Analysis 

	Results 
	Relative Fresh Weight Due to Preservative Solution 
	Solution Uptake and Total Solution Uptake Due to Preservative Solution 
	Water Balance Due to Preservative Solution 
	Vase Life due to Preservative Solution 
	Relative Fresh Weight due to Combination of Postharvest Solution 
	Solution Uptake and Total Solution Uptake due to Combination of Postharvest Solution 
	Water Balance due to Combination of Postharvest Solution 
	Vase Life due to Combination of Postharvest Solution 

	Discussion 
	Conclusions 
	References

