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Abstract. Vase life is one of the most important factors that determine the
marketability of cut flowers and is greatly affected by the water balance. In recent
years, cut hydrangea flowers are increasingly consumed as decorations for various
events. However, the vase life of cut hydrangea flowers varies greatly depending on
the postharvest solution management. Therefore, this study investigated the vase life,
solution uptake, water balance, and relative fresh weight of freshly harvested
hydrangea (Hydrangea macrophylla ‘Verena’) according to the three types of holding
solutions (tap water, 1% chrysal professional III (CPII), 2% sucrose + 250 mg/L 8-
hydroxquinoline + 100 mg/L citric acid (SHQC)) and the combination solutions
(pretreatment; tap water, 0.1% chrysal RVB (RVB), floralife quickdip (FQ), transport;
tap water, CPIII, floralife clear (FC), preservatives; CPIII, FC) for each distribution stage
(pretreatment-transport-consumer). In the preservative comparison experiment,
compared with the control, CPII treatment and SHQC treatment 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 4.6 days and 5.9
days compared to the tap water treatment. It was also determined that the same
treatment increased overall solution uptake, maintained water balance longer, and

increased relative fresh weight. These results confirm the importance of holding
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solutions and pretreatments, suggesting that appropriate pretreatments and

preservatives should be used to improve the marketability of cut hydrangea flowers.

Additional key words: cut flower, holding solution, pretreatment, transport, sucrose

Introduction

Hydrangea (Hydrangea spp.) is an ornamental plant for widely using in the garden and
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, lace caps, depending on the arrangement of decorative and non-
decorative 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 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 customer’s 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 stem, inhibiting solution uptake and shorten the vase life [1, 5]. To
solve this problem, some studies have been conducted to extend the vase life of cut flowers by
adding various disinfectants to vase water [6-10]. Also, the most important problem after

harvesting of cut flower hydrangea is that if the water supply is not maintained, which causes
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air embolism. Air embolism in xylem conduits can partially or completely block the water
transport path between roots and sinks for water in plants [11]. The wilting is sometimes
caused by air embolism, and the wilting is a criteria for the end of the vase life, and, vase life
of cut hydrangeas is shortened due to sepal browning and wilting [12]. To prevent wilting by
air embolism, cut flowers should be pretreatment immediately after harvesting, moisture
management during transport, and 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 disinfectants. In particular, 8-HQS is one of the very important disinfectant use in cut
flowers and has been reported to have an positive effect on microbial growth inhibition [13-
15]. However, despite these advantages, the effects depend on the cultivar and dose, and
toxicity occurred in some cultivars due to high doses or long storage times [16]. Therefore, it
is very important to find the optimal solution combination that will be readily available on
the cultivation site and at the consumer stage. Although many studies have been reported
about the cut hydrangea vase life such as the effect of 8-HQS, relationship between decorative
sepal surface and transpiration, and different harvest stage, few studies have compared the
practical use of farmhouses [4, 17, 18].

The market for hydrangea is largely divided into domestic and export, and is commonly
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.

In this study aimed to determine the effect of treatments such as pretreatment, transport

solution, and preservative solution at the level currently used in the cultivation field on the
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vase life of cut hydrangea flowers.

Materials and methods

Plant Materials

The hydrangea cultivars 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, which about 80% of the florets had showed the
colours of the cultivar in June of 2019, 2020. The harvested flowers were immediately
pretreated in a cold storage at4 C. After pretreatment, they were re-cut 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 hours at 4 C to transport conditions during simulated
export. After simulated transport, the flower stems were re-cut to a length of 48 cm and five

upper leaf was held on each stem for vase life evaluation .

Treatment Solutions

For comparison by Holding solution treatment, holding solution were used 1% chrysal
professional III (CPII), 2% sucrose + 250 mg/L 8-hydroxquinoline + 100 mg/L citric acid
(SHQC), and tap water (TW) as control. For comparison by treatments with combinations of
postharvest solutions, the pretreatment was immersed in the pretreatment solution
immediately after harvest and stored at4 C for 24 hours.

The postharvest solution were used 0.1% chrysal RVB (RVB), floralife quickdip (FQ), and
TW as control. For the transport solution treatment, flowers were put in a water container

containing transport solution and then packed in a cardboard box and stored at4 C for 72
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hours, which was simulated transported with consideration for the transport period from
packaging to sales. The transport solution were used CPIII, floralife clear (FC), and TW as
control. The holding solution treatment was put in glass bottle (1000 ml) containing 700 ml of
holding solution which were CPII and FC. All solutions were prepared freshly at the
initiation of the study. The condition of vase life evaluation room were that fluorescent lamp
was turned on for 12 hours from 6 am to 6 pm every day and room temperature was22+1 C,

relative humidity was 60 +5 %.

Relative Fresh Weight, Solution Uptake, Water Balance, and Vase life

Fresh weight and solution uptake were determined once every 2 days and the weight of
the vase with and without flower. Fresh weight was calculated by subtracting the weight of
vase and solution from total weight of 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 to fresh weight at the day of initial. Solution
uptake was investigated by subtracting the weight of vase and solution on the day of
measurement from the weight of vase and solution on the previous day. Total solution uptake
was calculated by adding up all daily solution uptake. Water balance was investigated by
subtracting transpiration from solution uptake, and transpiration was investigated by
subtracting the total weight on the day of measurement from the total weight on the previous
day. Vase life was defined by the duration from the initial of experiment to the occurrence of
wilting, browning, and dry. The degree of flower wilting, browning, dry and vase life of
flowers was determined according to the morphological stages and appearance of symptoms

such as drying, brown edges, wilting flower, bent neck (Fig. 1).
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Relative fresh weight (% of initial) = (W+/Wo) * 100
W: = the weight of flower stem (g) at the day of measurement

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

Statistical Analysis

The experiment with five treatments was conducted in completely randomized design
(CRD) with nine replicates and one flowers for each replication. For statistical analysis,
analysis of variance (ANOVA) was performed using SPSS 20 program (SPSS Inc., Chicago, IL,
USA), and Duncan’s multiple range test was used for the significance of each average value

(p <0.05).

Results

Relative Fresh Weight due to Holding Solution

Fresh weight results were expressed as relative fresh weight, and the results of relative
fresh weight for each holding solution treatments are shown in fig. 2. Relative fresh weight of
SHQC treatment increased sharply until the 8 days and 11 days, respectively (Fig. 2). As a
result in 2019, TW and CPIII treatment decreased by 1.65 and 0.30 %, respectively, compared
to initial weights, whereas the SHQC treatment increased by 0.32 % at 12 days (Fig. 2a). As a
result in 2020, fresh weight of all treatments increased compared to initial weights at 14 days.
In particular, SHQC treatment increased by 4.5 %, which was significantly increased
compared to other treatments. However, relative fresh weight of SHQC treatment rapidly

decreased at the end of vase life (Fig. 2b).

d0i:10.20944/preprints202109.0218.v1
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Relative Fresh Weight due to Combination of Postharvest Solution

The results of relative fresh weight by combination of postharvest solution treatment in
the distribution stages were shown in Fig. 5a. There was a slight difference in the maintenance
period of fresh weight for each treatment. RVB-CPIII-CPIII combination had the longest fresh
weight maintenance period of 25 days than other treatments, and showed a difference of about
4 to 7 days. During vase life, RVB-CPIII-CPII combination was 7.3%, which was significantly
higher from 6.3% to 9.4% than those without pretreatment. It was similar to the FQ-FC-FC

combination, there was no significant difference.

Solution Uptake and Total Solution Uptake due to Holding Solution

Solution uptake decreased until the 10th day after holding solution treatment in all
treatments, and tap water treatment was the least 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 (Fig. 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 3). As a result of 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 and CP
III, SHQC treatments was 0.6~1 g/stem, which was similar. Changes in solution uptake during
preservation period of cut flowers were 8.9, 11.4, and 12.0 g/stem at 21 days, respectively. The
difference in solution uptake between TW and treatment with CPIIl and SHQC ranged from
2.5 g/stem to 3.1 g/stem, and there was a statistically significant difference between the control

and treatment groups (Fig. 3b). In 2020, the total solution uptake of CPIII and SHQC was
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135.28 and 132.71 g/stem, respectively, which was statistically significantly higher than tap

water (Table 3).

Solution Uptake and Total Solution Uptake due to Combination of Postharvest Solution
The results of solution uptake and total solution uptake by combination of postharvest
solution treatment in the distribution stages were shown in Table 4 and Fig. 5b. Solution
uptake gradually decreased during preservation period of cut flowers in common for all
treatments. In particular, solution uptake of cut flowers treated with the TW-TW-CPIII
combination decreased sharply from 18 days. TW- CPII- CPIIl combination, which was
dipped with TW without using a pretreatment agent, and then distributed and preserved with
CPII solution, showed a clear decrease from 21 days. On the other hand, the RVB-CPIII-CP
I combination and FQ-FC-FC combination maintained solution uptake during vase life
compared to other combinations. This finding was statistically significant both by using
Duncan’s multiple test between absolute values and with repeated measurements. The total
solution uptake by each postharvest solution was 164.92 g/stem in RVB-CPII-CPII
combination, which was the highest compared to other treatments, but there was no

statistically significant difference between treatments.

Water Balance due to Holding Solution

The water balance results according to the holding solution treatment showed a similar
trend to the 2019 and 2020 results, and water balance of SHQC treatment was maintained
longer than that of other treatments. The number of days to maintain the water balance is the

date at which water balance value changes from a positive value to a negative value. As a
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result of 2019, the number of days to maintain water balance of SHQC treatment was 8 days,
which was maintained for 2-4 days longer than 6 days for CPIIl treatment and 4 days for TW
(Fig. 4a). In the study conducted in 2020, the number of days for maintain water balance in
SHQC treatment was 11 days, which was 2-7 days longer than 9 days for CPIIl treatment and

4 days for TW (Fig. 4b).

Water Balance due to Combination of Postharvest Solution

The results of water balance according to the solution management in the overall process
from pre-harvest treatment to preservation solution showed a dramatic effect depending on
the treatment (Fig 5¢). 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-CPIIl combination and the TW- CPIII-CP
III combination was the same as 9 days, so 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 combination using the pretreatment was 11 days, which was
extended by 2 more days than the TW-CPIII-CPIII combination without the pretreatment.
Also, there was a difference in the time when the moisture balance value rapidly decreased
depending on whether or not the pretreatment was used. The combination with pretreatments
such as RVB and FQ started to decrease from day 21 to day 25, while the combination without

pretreatment decreased sharply from day 18.

Vase life
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The use of a preservative was effective in extending the vase life following the treatment
with a preservative solution (Table 1). As a result of 2019, vase life of CPIII treatment and
SHQC treatment was extended by 0.7-3.4 days compared to 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 compared to the TW. Commonly in 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. The effect of the
pretreatment was clearly verified in the vase life results according to the combination
of post-harvest solution of a total of 4 combinations (Table 2). 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-CPII-CPIII combination was 27 days at the maximum and 35 days at the
maximum, which exceeded the vase life range of the TW-TW-CPII combination.
Through these results, it was confirmed that the use of an appropriate pretreatment

agent is an important factor in order to extend the vase life and improve the quality.

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

tlowers, including cut hydrangea flowers, have a high initial solution uptake rate, but decrease
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over time, mainly due to vascular blockage by microorganisms and air embolism [19]. The
impact of kept water relations on extending the vase life is constructed on the conclusion that
cut roses are sensitive to water shortage caused by disturbing the postharvest water balance
[9, 12, 20]. 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 (2012)[13] reported that solution
uptake through the preservation solution improves the water balance and freshness of flowers,
and reduces early wilting, thereby improving the vase life of cut flowers. 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 a combination of postharvest solution for each distribution
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 is an operation to artificially supply nutrient moisture to cut
flowers whose supply of moisture and nutrients is interrupted [21]. In addition, the use of a
preservatives used as a post-treatment concept that helps to 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, CPII, SHQC, FQ, and FC,
generally have a specific purpose, so proper use is required. According to our results about
solution uptake and water balance, RVB used as a pretreatment and SHQC treatment used as
a holding solution with sucrose absorbed more water than TW treatment, and thus water
balance was also improved. In addition, SHQC treatment with 2% sucrose increased fresh

weight compared to TW treatments. These results at fresh weight are similar to the solution
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uptake ratings positively affected by 8-HQ with 2% sucrose. As such, the maintenance of the
water balance according to the increase in the solution uptake and the decrease in the
transpiration prevents the loss of water in cut flowers, and thus may have a positive effect on
the fresh weight. It was reported in previous studies that there is a relationship between
solution uptake and fresh weight [5, 22]. Previous study showed that the combined effect of
sucrose and antibacterial agents on the fresh weight of cut flowers was much greater than that
of single use [23]. 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 [24-26]. For these reasons, sucrose retarded fresh weight loss during the

ornamental period of cut hydrangeas.
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Table
Table 1. Vase life and main factor of senescence of hydrangea ‘Verena’ cut flowers kept

in each holding solution treatment in 2019 and 2020.

Pretreatment  Transport  Holding Vase life (days)
Year solution solution Solution 2 Averagey Min.x  Max. MF *
™W T™W ™ 17.3b 17 18 B
2019 ™W T™W CPII 20.7 a 18 23 B/W
™ ™ SHQC 18.0 ab 17 19 \W
T™W ™ ™ 209 b 20 21 B
2020 T™W ™ CPII 240 a 21 28 B/W
T™W ™ SHQC 22.3b 20 24 W/B

z TW, tap water; CPIII, 1% chrysal professional III; SHQC, 2% sucrose + 250 mg/L 8-
hydroxquinoline + 100 mg/L citric acid

¥ Means in the same column with superscript with different letters (a and b) are significantly

different at p <0.05.

*Minimum vase life and maximum vase life (day).

r Main factor in determining the vase life cut flowers (B, browning; W, wilting)
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Table 2. Vase life and main factor of senescence of hydrangea ‘Verena’ cut flowers kept

in each holding solution by treatments with combinations of postharvest solutions

in 2020.
Pretreatment Transport Holding Vase life (days)
Solution solution solution Average? Min.y Max. MF~x
™ ™ CPII 24.0b 21 28 W
™ CPII CPII 25.0b 20 29 B
RVB CPII CPII 299 a 27 35 B
FQ EC EC 28.6a 23 31 B

zMeans in the same column with superscript with different letters (a and b) are significantly

different at p <0.05.
Yy Minimum vase life and maximum vase life (day).

X Main factor in determining the vase life cut flowers (W, wilting; B, browning)
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Table 3. Total solution uptake of hydrangea ‘Verena’ cut flowers kept in each holding

solution treatment in 2019 and 2020.

Pretreatment Transport Holding

Year Total solution uptake (g/stem) 2
solution solution Solution
™ ™ ™ 138.00 b
2019 ™ ™ CPII 199.08 a
™ ™ SHQC 163.54 ab
™ ™ T™W 105.12b
2020 ™ ™ CPII 135.28 a
™ ™ SHQC 132.71 a

zMeans in the same column with superscript with different letters (a and b) are significantly
different at p <0.05.


https://doi.org/10.20944/preprints202109.0218.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 September 2021 d0i:10.20944/preprints202109.0218.v1

Table 4. Total solution uptake of hydrangea ‘Verena’ cut flowers kept in each holding

solution by treatments with combinations of postharvest solutions in 2020.

Pretreatment Transport Holding
Total solution uptake (g/stem) *
Solution solution solution
™W ™ CPII 141.18 a
™W CPII CPII 143.78 a
RVB CPII CPII 164.98 a
FQ FC FC 158.48 a

»Means in the same column with superscript with different letters (a and b) are significantly different

at p <0.05.

Figure

(a) (b)

Fig. 1. The main senescence symptoms of hydrangea ‘Verena’ cut flowers (a, browning;

b, wilting).
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Fig. 2. Changes in the relative fresh weight of hydrangea ‘Verena’ cut flowers kept in
each holding solution treatment in 2019 (a) and 2020 (b). Vertical bars indicate

standard deviation of means (n =9).
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Fig. 3. Changes in the vase solution uptake of hydrangea “Verena’ cut flowers kept in
each holding solution treatment in 2019 (a) and 2020 (b). Vertical bars indicate

standard deviation of means (n =9).
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Fig. 4. Changes in the water balance of hydrangea ‘Verena’ cut flowers kept in each
holding solution treatment in 2019 (a) and 2020 (b). Vertical bars indicate standard

deviation of means (n =9).
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Fig. 5. Changes in the relative fresh weight (a), vase solution uptake (b), and water
balance (c) of hydrangea ‘Verena’ cut flowers kept in each holding solution by
treatments with combinations of postharvest solutions in 2020. Vertical bars

indicate standard deviation of means (n=9).
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Fig. 6. Appearance of hydrangea ‘Verena’ cut flowers kept in each holding solution by
treatments with combinations of postharvest solutions in 2020: 1st day after
holding solution (A-D), 22th day after holding solution (E-H), 29th day after
holding solution for treatment with combination of postharvest solutions of TW-
TW-CPII(A, E, I), TW-CPII-CPIII (B, F, J), RVB-CPIII-CPII (C, G, K), FQ-FC-FC
(D,H L)
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