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ABSTRACT

The popularity of cut hydrangea has been increasing in the global ﬂoriculture market in recent
years. However, vase life of cut hydrangeas is shortened due to sepal browning and wilting.
This study was conducted to ﬁnd out a vase life solution in extending the vase life of cut
hydrangea (Hydrangea macrophylla cv. Schneeball) ﬂowers. Cut hydrangea stems were placed
in solutions containing 8-hydroxyquinoline sulphate (100, 200 and 300 mgL−1), glycolic acid
(9.5, 19 and 28 mgL−1) and distilled water which was used as the control. The vase life, relative
fresh weight and solution uptake were measured. Compared to the control, the vase life of cut
hydrangeas were signiﬁcantly increased by all 8-HQS treatments. The best concentration of
8-HQS was 200 mgL−1 and increased the vase life of cut hydrangeas by 11.67 days compared to
control (from 4.22. to 15.89 days). It also improved solution uptake and delayed relative fresh
weight loss. The results showed that 8-HQS is eﬀective in extending the vase life of cut
hydrangeas.

Introduction
Hydrangea (Hydrangea spp.) is a highly popular ornamental plant produced worldwide as a cut ﬂower,
garden and potted plant (Arafa, Nower, Helme, &
Abd-Elaty, 2017), the demand for hydrangea as a cut
ﬂower has been increasing in recent years. Overall cut
ﬂower sales volume has decreased in recent 5 years
(2011–2016) whereas the only gain in sales among top
selling cut ﬂowers was hydrangea with a 20% increase
(Hanks, 2018). The ﬂowers that are commonly grown
for the cut ﬂower market belongs to Hydrangea
macrophylla cultivars (Leeson, Bale, Jones, Dunwell,
& McNiel, 2004) which is one of the most popular
species in the genus (Rinehart, Scheﬄer, & Reed,
2006) and very famous due to snowball blossom
shape (hortensia type) and change of hues on the
sepal colour (Yoshida, Toyama-Kato, Kameda, &
Kondo, 2003). The colour ranges from white to pink
to blue, depending on cultivar and soil conditions
(Knox, 2017). Vase life of cut hydrangea ﬂowers varies
from 7 to 15 days (Thomas & Gollnow, 2014).
Vase life is one of the most important quality factors
aﬀecting marketability and customer’s satisfaction of cut
hydrangeas as in all cut ﬂowers (Da Costa & Finger,
2016). However, vase life of cut hydrangeas is shortened
due to vascular occlusions (Kitamura, Ueno, Aizawa, &
Teoh, 2017) by air embolism and microorganisms. The
solution uptake of ﬂowers decreased by occlusions, that
quickly wilt them and their petals turn brown (Ranwala,
2010). To extend the vase life by improving solution
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uptake, several methods have been reported for other
cut ﬂowers. One of them is appropriate vase life solution
including germicides such as 8-HQS (8-hydroxyquinoline sulphate), STS (silver thiosulphate), Al2(SO4)3 (aluminium sulphate) and organic acids such as citric acid,
malic acid, glycolic acid (GIA) to the vase solutions
(Ichimura, Taguch, & Norikoshi, 2006; Kazaz, Doğan,
Kılıç, Şahin, & Seyhan, 2019). Germicides increase solution uptake by prevention of microorganism proliferation while organic acids increase the uptake through
decreasing water pH (Mashhadian, Tehranifar, Bayat, &
Selaharzi, 2012; Seyf, Khalighi, Mostoﬁ, & Naderi, 2012).
Despite the beneﬁts of vase life solution, their
eﬀects depend on the species, dosage and time of
holding. In some cut ﬂower species, high dosage or
long holding time of vase life solutions caused toxicity
(Aros, Silva, Char, Prat, & Escalona, 2016). Therefore,
to ﬁnd out of optimal vase life solutions and their
dosage for species is very important. Many studies
have been reported about the cut hydrangea vase life
and they generally focused on stomatal conductance
(Kitamura, Kato, Yasui, Aizawa, & Ueno, 2017),
inﬂorescence type (Kitamura, Uemachi, & Kato,
2016), diﬀerent harvest stages (Kitamura et al., 2017),
diﬀerent fertilisation levels (Chunne, 2015). Also, Aros
et al. (2016) studied eﬀect of ﬂower preservative solution (Triton X-100 (surfactant) and ClO2 (biocide)) on
cut hydrangea vase life. Ku and Cho (2014) investigated eﬀects of sucrose with 8-HQS, diﬀerent pH
levels and citric acid on cut in Hydrangea macrophylla
‘Magical Brilliant’ and ‘Magical Jewel’. In this study
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was aimed at determination the eﬀect of the 8-HQS
and glycolic acid on the vase life of cut hydrangea
ﬂowers.

Materials and methods
The present study was conducted at the vase life room,
Department of Horticulture, Faculty of Agriculture,
Ankara University in Ankara, Turkey on June 2018.
Flowers of Hydrangea macrophylla cv. ‘Schneeball’ were
used in the experiment and were grown under the gothic
roof type-butterﬂy vent greenhouse which was covered
with plastic and located in the Department of
Horticulture in the Faculty of Agriculture at Ankara
University (39°57ʹ40.2ʹ’N 32°51ʹ51.7ʹ’E). Plants were
grown in pot culture and peat-cocopeat-perlite mixture
(2:1:1 v/v) used as substrate. Day and night temperatures
were 25 ± 5°C and 15 ± 5°C, respectively, the relative
humidity was 70 ± 5%. Ion content of nutrient solution
was given to plants as follows: NH4: 0.3 mmol L−1, NO3:
4.0 mmol L−1, K: 1.5 mmol L−1, Ca: 1.2 mmol L−1, Mg:
0.5 mmol L−1, Fe: 8.0 µmol L−1, Mn: 2.0 µmol L−1, Zn: 2.0
µmol L−1, B: 15.0 µmol L−1, Cu: 0.5 µmol L−1, Mo: 0.1
µmol L−1, EC: 1.7–2.0 mS/cm and pH: 5.5 (Van Berlo,
2009).
The ﬂowers were harvested at the commercial
stage, which about 80% of the ﬂorets had showed
the colours of the cultivar (Kitamura et al., 2016).
They were transported dry to the postharvest laboratory within half an hour of harvest. At the vase life
room, the stems were re-cut to a length of 40 cm
and only one upper leaf was held on each stem to
minimise contamination. They were then put in
glass bottles (1000 ml) containing 750 ml of vase
solutions which were 8-HQS (100 mgL−1, 200 mgL−1
and 300 mgL−1) (Sigma-Aldrich, CAS:207386-91-2),
GIA (9.5 mgL−1, 19 mgL−1 and 28 mgL−1) (MerckMillipore, CAS: 79-14-1) and distilled water as control (Table 1). All solutions were prepared freshly at
the initiation of the study. Vase life room conditions
were 12 h lights (cool-white ﬂuorescence lamps)
per day, also light intensity was 1000 lux and room
temperature was 21 ± 1°C, relative humidity was
between 65 ± 5%.
Table 1. Eﬀect of 8-HQS and GIA on the vase life of cut
hydrangea cv. Schneeball.
Vase Life Solutions
8-HQS-100 mgL−1
8-HQS-200 mgL−1
8-HQS-300 mgL−1
GIA-9.5 mgL−1
GIA-19 mgL−1
GIA-28 mgL−1
Control

Vase Life (day)
11.89 ab
15.89 a
11.44 ab
5.44 bc
5.67 bc
5.22 bc
4.22 c

Means in a column followed by a letter in common are not signiﬁcantly
diﬀerent at p < 0.05.
8-HQS: 8-hydroxyquinoline sulphate, GIA: Glycolic acid.

The measured traits were vase life, relative fresh
weight and solution uptake. Vase life was recorded
daily and was terminated when withering, sepal
browning, or sepal desiccation became visible on
about 80% of ﬂorets (Kitamura et al., 2017). Fresh
weight and solution uptake were determined once
every 3 days by the determination of the weights of
the vases with and without ﬂowers. Fresh weight
change was measured as relative fresh weight and it
was calculated as Relative fresh weight (% of initial) =
(Wt/Wt-0) x 100, where Wt is the weight of stem (g) at
t = day 0,1,2, etc., and Wt-0 is the weight of the same
stem (g) at t = day 0. Solution uptake was measured
daily, and calculated as daily and total solution uptake.
Daily solution uptake was calculated as: Daily solution
uptake (g stem−1 day−1) = (St-1 – St), where St is the
weight of vase solution (g) at t = days 1, 2, 3, etc., and
St-1 is the weight of vase solution (g) on the
previous day (He, Joyce, Irving, & Faragher, 2006).
The experiment with seven treatments was conducted in completely randomised design (CRD) with
three replicates and three ﬂowers for each replication.
Statistical analysis of recorded data was accomplished
using analysis of variance (ANOVA) using IBM SPSS
Statistics 20.0. Mean diﬀerences were established by
Duncan’s test (P < 0.05).

Results
Vase life
The vase life of cut hydrangea ﬂowers was extended
using diﬀerent concentrations of 8-HQS, when compared to control. The vase life was longer in 200 mgL−1
8-HQS which results in 15.89 days compared to other
concentrations. It increased the vase life by 5.80 days
compared to the control. GIA showed the lowest vase
life in comparison to 8-HQS. Also, there was no signiﬁcant diﬀerence between control and at all level of
GIA (Table 1).
Relative fresh weight
During the vase life, relative fresh weight of all treatments decreased with time. From day 3 onwards relative fresh weight showed signiﬁcant diﬀerence
according to the treatments. The highest relative
fresh weight on third day belonged to 200 mgL−1
8-HQS treatment and there was no signiﬁcant diﬀerence between other concentrations of 8-HQS and 9.5
mgL−1 GIA. From day 5 to 11, the relative fresh weight
of control and all level of GIA were lower than all level
of 8-HQS. After 11th day, the highest relative fresh
weight belonged to 200 mgL−1 8-HQS treatment as
compared to other treatments (Figure 1).
The highest average relative fresh weight value (%
87.30) was obtained in 200 mgL−1 8-HQS treatment.
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Figure 1. Changes in the relative fresh weight of cut hydrangea cv. Schneeball during vase life.
8-HQS: 8-hydroxyquinoline sulphate, GIA: Glycolic acid.

While 28 mgL−1 GIA treatment had the lowest average
relative fresh weight (%48.27), but no statistically signiﬁcant inﬂuences were found in other level of GIA and
control (Figure 1).
Solution uptake
The total solution uptake by the cut hydrangea ﬂowers
was higher with the 8-HQS treatment when compared
to GIA. Also, 8-HQS was more eﬀective in maintaining solution uptake than control. The maximum total
solution uptake by cut hydrangea ﬂowers (533.67 g stem−1) was recorded in 200 mgL−1 8-HQS treatment
but was not signiﬁcantly higher than the control. The
minimum solution uptake (353.68 g stem−1) was
recorded in 28 mgL−1 GIA treatment and it was signiﬁcantly less than the control (Table 2).
The daily solution uptake increased in all treatments until the third day after that there was
a decrease with time. The maximum daily solution
uptake was recorded on third day in all treatments.
Vase life solutions had a signiﬁcant inﬂuence on solution uptake of cut hydrangea ﬂowers in the ﬁrst 7 days.
The highest solution uptake on third day belonged to
control ﬂowers and there wasn’t signiﬁcant diﬀerence
Table 2. Eﬀect of 8-HQS and GIA on total solution uptake of
cut hydrangea cv. Schneeball.
Vase Life Treatment
8-HQS-100 mgL−1
8-HQS-200 mgL−1
8-HQS-300 mgL−1
GIA-9.5 mgL−1
GIA-19 mgL−1
GIA-28 mgL−1
Control

Total Solution Uptake (g stem−1)
466.40 abc
533.67 a
508.41 a
390.90 bc
360.30 c
353.68 c
497.54 ab

Means in a column followed by a letter in common are not signiﬁcantly
diﬀerent at p < 0.05.
8-HQS: 8-hydroxyquinoline sulphate, GIA: Glycolic acid.

between control and higher concentrations of 8-HQS.
But the highest solution uptake on ﬁfth and seventh
days belonged to 300 mgL−1 8-HQS treatment when
compared to control. During the vase life, GIA treatment had the lowest solution uptake (Figure 2).
During the vase life period, the maximum average
daily solution uptake by cut hydrangea ﬂowers (50.49
g stem−1day−1) was recorded in 200 mgL−1 8-HQS
treatment while the minimum average daily solution
uptake (33.44 g stem−1day−1) was recorded in 28
mgL−1 GIA treatment (Data not shown).

Discussion and conclusion
Cut hydrangea ﬂowers are sensitive to water stress
because the water balance of ﬂower sepals is readily
deteriorated by vascular occlusion in the stem ends
and they wilt (Van Iersel, Seader, & Dove, 2009). The
wilting is a criteria for the end of the vase life
(Kitamura et al., 2017). Therefore, it is thought that
vase life solutions that prevent vascular occlusion
could be a method to extend the vase life of cut
hydrangea ﬂowers. In this study, GIA showed negative
eﬀects on, solution uptake, vase life and relative fresh
weight compared to control. But 8-HQS were found to
be very eﬀective both in improving the vase life of cut
hydrangea ﬂowers and improving solution uptake and
relative fresh weight. Ku and Cho (2014) also used
8-HQS in order to increase the vase life of some cut
hydrangea cultivars. They conducted three diﬀerent
experiments [1% and 3% sucrose + 250 mgL−1
8-HQS, diﬀerent pH levels (3.5–5.5 and 7.5), organic
acids (citric and ascorbic acid)] and they found that
3% sucrose + 250 mgL−1 8-HQS (pH 3.5) or 3%
sucrose + 250 mgL−1 8-HQS + 100 mL−1 citric acid
was most eﬀective for enhancement of cut ﬂower
quality in Hydrangea macrophylla.
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Figure 2. Changes on the daily solution uptake of cut hydrangea cv. Schneeball.
8-HQS: 8-hydroxyquinoline sulphate, GIA: Glycolic acid.

8-HQS has proven its eﬀectiveness to extend the vase
life of many cut ﬂowers (Damunupola & Joyce, 2008).
The eﬀective role of 8-HQS on vase life could be
explained by increasing solution uptake and keeping
fresh weight that have reported in many studies (Asrar,
2012; Hassan, Tar, & Dorogi, 2003; Hatamzadeh,
Rezvanypour, & Hassanpour, 2012). 8-HQS is a wellknown germicide and suppresses the xylem occlusion by
preventing accumulation of microorganisms in xylem
vessels (Elgimabi & Sliai, 2013). 8-HQS also acts as
a surfactant and decreases surface tension (Kesarisinh,
2015). Both ways are known to enhance solution uptake.
Moreover, many studies indicated that the more lignin
was formed in the phloem of some cut ﬂowers held in
8-HQS solution (Yagi, Eldeen, & Elgemaby, 2014). More
lignin in the phloem have led to a reduction or prevention of the permanent plasmolysis and thus relative fresh
weight loss in 8-HQS treatment may have been slowest in
comparison with control or GIA treatment in this study.
GIA is an organic acid (Pernel, Farkas, & Louis,
2006) and organic acids play an important role in
reducing pH in vase life solutions (Thwala, Wahome,
Oseni, & Masarirambi, 2013). They have been found
to be eﬀective in extending the vase life (Azizi &
Onsinejad, 2015; Mehdikhah, Onsinejad, &
Hashemabadi, 2016). But there is a few study reported
in the eﬀect of GIA on cut ﬂowers vase life. Singh
(2006) was reported that the vase life of cut liatris
was extended with the use of the solution TOG III
which including thiabendazole, hydroxyquinoline and
GIA. Negative eﬀects of GIA in this study may be
relation with that GIA has microbial growthpromoting eﬀects so it may have reduced the solution
uptake (Kinnersley, 2002). Insuﬃcient solution uptake
is caused prevent to continue the process of ﬂower
opening (Bayleyegn, Tesfaye, & Workneh, 2012 as
cited in Evans & Reid, 1988; Kenis, Silvente, &

Trippi, 1985). Hence, they may not have gained fresh
weight and it may seem like a rapid relative fresh
weight loss. On the other hand, GIA is a substrate of
photorespiration (Downton & Tregunna, 1968) and
may be increased the photorespiration of cut hydrangeas. When the rate of photorespiration becomes too
high, photorespiration leads to a depletion of carbohydrates and to accelerated senescence (Wingler, Lea,
Quick, & Leegood, 2000). So we hypothesised that the
fresh weight loss in GIA treatment in this study may
be due to an increase in the rate of photorespiration.
Due to the decrease in the solution uptake and the
increase in the relative fresh weight loss, cut hydrangeas vase life was shortened.
In conclusion, 8-HQS has increased cut hydrangeas
quality by improving vase life, solution uptake and
decreasing relative fresh weight loss. 200 mgL−1 concentration of 8-HQS increased the vase life of cut
hydrangeas by 11.67 days compared to control.
Therefore, this solution has a potential for using as
a commercial treatment for extending cut hydrangea
vase life. However, GIA didn’t increase vase life of cut
hydrangea ﬂowers. Nonetheless, more investigations
should be performed to deﬁne the eﬀectiveness of GIA
treatment to extend the vase life of cut ﬂowers.
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