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Research Article

The Effects of Silver and Copper Nano Particle-Infused Vase Solutions on the
Vase Life of Cut Narcissus (Narcissus L.) Flowers

Akife DALDA SEKERCI!, Giilsen BARUTZ Hande Seda OZDAL?*, Hasan Talha
UNSAL?

ABSTRACT

Narcissus has become increasingly preferred as a cut flower due to its pleasant fragrance and ability to bloom
during winter. The most important parameters determining the quality of cut flowers are vase life and flower
quality. In this study, the effects of six different vase solutions containing nano copper, nano silver, and sodium
hypochlorite on the vase life, relative fresh weight, and daily solution uptake of cut narcissus flowers were
investigated. The longest vase life in cut narcissus flowers was achieved with the 20 ppm nano copper and 30
ppm nano copper applications, lasting 7.33 days, followed by the 30 ppm nano silver application with a vase
life of 6.25 days. The control group recorded the shortest vase life at 4.25 days, and it was observed that vase
solutions containing nanoparticles approximately doubled the vase life. Nanoparticle applications positively
affected vase life and flower quality, with the addition of nano copper to the vase water showing a higher effect
than nano silver, and extending vase life more than all other applications. The results indicated that, like nano
silver, nano copper extends vase life by reducing antimicrobial activity and providing a nourishing effect in
the vase water.
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Giimiis ve Bakir Nano Partikiil icerikli Vazo Soliisyonlarinin Kesme Nergis

(Narcissus L.) Ciceklerinin Vazo Omriine Etkileri
0z
Nergis, hos kokusu ve kisin ¢i¢ek acabilmesi nedeniyle son yillarda kesme ¢igek olarak yaygin sekilde tercih
edilmeye baglanmistir. Kesme ¢igeklerde kaliteyi belirleyen en 6nemli parametreler vazo omrii ve gigek
kalitesidir. Bu ¢alismada, nano bakir, nano giimiis ve sodyum hipoklorit igeren alt1 farkli vazo soliisyonunun
kesme nergis c¢igeklerinde vazo Omrii, oransal taze agirlik ve giinlikk soliisyon alimi {izerindeki etkileri
incelenmistir. Kesme nergis ¢igeklerinde en uzun vazo émrti, 7.33 giin ile 20 ppm nano bakir ve 30 ppm nano
bakir uygulamalarinda elde edilirken, 30 ppm nano giimiis uygulamasi 6.25 giin vazo émriine sahip olmustur.
Kontrol grubunda vazo omrii en diisik 4.25 giin olarak kaydedilmis ve nanopartikiil iceren vazo
soliisyonlarinin vazo dmriinii yaklasik iki kat artirdig1 gézlemlenmistir. Nanopartikiil uygulamalar1 vazo dmrii
ve ¢igek kalitesini olumlu yonde etkilemis olup, vazo suyuna ilave edilen nano bakir uygulamasi, nano
glimiisten daha yiiksek bir etki gostermis ve vazo dmriinii tim diger uygulamalardan daha fazla artirmistir.
Elde edilen sonuglar, nano bakirin da nano giimiis gibi antimikrobiyal aktiviteyi azaltarak vazo Omriinii
uzattigini ve vazo suyuna besleyici bir etki olusturdugunu ortaya koymustur.
Anahtar Kelimeler: Kesme ¢icek, nergis, siis bitkisi, nano partikiil, vazo 6mrii
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Introduction

Narcissus L., is a widely preferred cut flower
worldwide due to its attractive appearance,
pleasant fragrance, and ability to bloom in winter
(Gun, 2020). Belonging to the Amaryllidaceae
family, Narcissus L. is extensively cultivated in
Mediterranean-climate  countries, including
Turkey, especially in regions with dense
Mediterranean conditions (Ozzambak et al.,
2007). Given the limited variety of cut flowers
available in winter and autumn and the
feasibility of narcissus cultivation during these
seasons, narcissus significantly contributes to
the flower market during these times (Hunter et
al., 2004; Zeybekoglu and Ozzambak, 2014).
The vase life of cut flowers is a critical factor in
determining cut flower quality and plays a
significant role in preserving their value in the
market. Maintaining the freshness of the product
from harvest and ensuring a long vase life are
crucial for a quality cut flower trade (Batt, 2001;
Akgca et al., 2019). Therefore, studies focusing
on practices to extend the vase life of cut flowers
starting from harvest are highly important.
Various factors influence the vase life of cut
flowers, including the genetic makeup of the
plant, pre-harvest conditions (cultivation
practices and cultural treatments), timing of
harvest, and post-harvest procedures. The vase
life of cut flowers tends to decrease due to
various factors, primarily the clogging of
microbial vessels, interruption of water uptake
and transport, and depletion of respiratory
substrates limiting energy for sustaining life
processes (Elgimabi and Ahmed, 2009; Danaee
et al., 2011; Fanourakis et al., 2013).
Additionally, in ethylene-sensitive species,
ethylene has an aging-accelerating effect, and
reactive oxygen species (ROS) produced during
oxidative stress on flower stems have harmful
effects (Skutnik et al., 2021). Previous studies
have also demonstrated that microbial activity in
the stems of cut flowers shortens their vase life
(Balestra et al., 2005), highlighting the
importance of identifying vase solutions that
limit microbial activity. To extend the vase life
of cut flowers, various antimicrobial chemicals
such as 8-hydroxyquinoline sulfate (8-HQS),
silver thiosulfate (STS), aluminum sulfate, silver
nitrate, and sodium hypochlorite are used in vase

solutions (Celikel et al., 2020; Kazaz et al.,
2020). The 8-hydroxyquinoline citrate has been
reported to be effective in limiting the microbial
population in vase solution (Islam et al., 2003;
Bahrami et al., 2013; Sharifzadeh et al., 2014),
while aluminum sulfate (Liao et al., 2001),
sodium hypochlorite (Kathari-Lakshmaiah et al.,
2019), silver nitrate (Hutchinson et al., 2013),
nano-silver (Li et al., 2010), and silicon and
silver (Kiamohammadi, 2012) have been
reported to extend the vase life when added to
vase solution. It has been reported that sodium
hypochlorite addition to the vase can reduce
bacterial counts and extend the vase life of cut
flowers (Halevy and Mayak, 1981; Macnish et
al., 2010). Silver nitrate has been reported to act
as an antimicrobial agent (van Doorn, 2010) or
as an inhibitor of ethylene synthesis and ethylene
action. As a vase solution treatment for cut
flowers, nano silver has been found important as
an antibacterial agent (Alt et al., 2004; Morones
etal., 2005). Nano silver releases Ag*, which has
been reported to interact with cytoplasmic
components and nucleic acids, inhibit
respiratory chain enzymes, and interfere with
membrane permeability (Park et al., 2005). It is
also possible that Ag* has positive effects on
plant stem hydraulic conductivity (van leperen,
2007; Koohkan et al., 2014). In many studies, the
antimicrobial properties of nano silver have been
investigated. However, no studies on vase
solutions containing nano copper have been
found. Nano copper may also be a suitable vase
component as it both exhibits antimicrobial
properties and provides nutritional supplements.
In this study, the effect of silver and copper
nanoparticles on the vase life was evaluated
comparatively with the commonly used
chemical sodium hypochlorite. The study
investigated the effects of nanoparticles added to
the vase solution on the vase life and flower
quality of cut narcissus flowers.

Material and Methods

Plant Material, Vase
Environmental Conditions
The research was conducted at the pomology
laboratory of Department of Horticulture,
Erciyes University. The study aimed to
determine the vase life and cut flower quality of

Solutions, and
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cut narcissus flower in different vase solutions.
The narcissus flowers (Narcissus L.) were
harvested at a commercial stage, when
approximately 80% of the flowers on each stem
had bloomed (Kitamura et al., 2016). Following
harvest, they were transported to the laboratory
under cold chain conditions without undergoing
any processing. To minimize contamination in
the vase life room, the stems were recut.
Subsequently, they were placed in glass bottles

(1000 ml) containing 750 ml of different vase
solutions. The study was designed in a
randomized complete block design with three
replications, each consisting of three vases with
four stems per vase. A total of six different vase
solutions and one control were prepared (Table
1). The experimental environment was
maintained at 22-24°C room temperature and
30% humidity, aiming to simulate conditions
similar to those found in a home setting.

Table 1. Contents of vase solutions for cut narcissus flowers

Treatments Vase Solutions
T1 20 ppm Nano Copper
T2 20 ppm Nano Silver
T3 30 ppm Nano Copper
T4 30 ppm Nano Silver
T5 Sodium Hypochlorite (3mg/L)
T6 Control- tap water

The assessed characteristics encompassed vase
life, relative fresh weight, and solution uptake.
Vase life was documented on a daily basis, with
conclusion reached upon the observation of
wilting, browning of sepals, or drying of sepals
in roughly 80% of the flowers (Kitamura et al.,
2017). Weights of vases were measured both
with and without flowers, and evaluations of
fresh weight and solution uptake were conducted
every other day.

Relative fresh weight (%); Relative fresh
weight, expressed as a percentage, was
determined by measuring the change in fresh
weight using the formula: Relative Fresh Weight
(%) = (Wt/Wt-0) x 100, where Wt represents the
weight of the stem (in grams) att = 0, 1, 2 days,
and so forth, and Wt-0 denotes the weight of the
same stem (in grams) at t = 0 day (He ve ark.,
2006).

Solution uptake; Solution uptake was assessed
on a daily basis and quantified in terms of both
daily and total solution uptake. The formula for
daily solution uptake is: Daily Solution Uptake
(g stem—1 day—1) = (St-1 — St), where St
represents the weight (in grams) of the vase

solution on days 1, 2, 3, and so forth, and St—1
denotes the weight of the vase solution on the
preceding day (He ve ark., 2006; Li ve ark.,
2010).

Statistical analyses

The experiment involved six treatments and
followed a completely randomized design
(CRD) with three replicates, each comprising
three flowers. Statistical analysis of the data
collected was performed using analysis of
variance (ANOVA) with IBM SPSS Statistics
20.0. Mean differences were evaluated using
Duncan's test (p < 0.05 and p < 0.001) to identify
significant variations.

Results and Discussion

Vase Life (Day)

The vase life is terminated when the rate of
wilting in flower spikes or the rate of leaf drying
reaches 80% (Kitamura et al., 2017). In this
study, six different vase solutions were used to
evaluate the vase life of cut narcissus flowers.
According to the results obtained, all nano
particle and sodium hypochlorite applications
increased the vase life compared to the control
group. The longest vase life in cut narcissus
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flowers was obtained with T1 (20 ppm nano
copper) and T3 (30 ppm nano copper)
applications, reaching 7.33 days. This was
followed by the application of 30 ppm nano
silver with a vase life of 6.25 days. In the control
group, the vase life was the lowest at 4.25 days,
while it was observed that nano particle-
containing vase solutions increased the vase life
by approximately two-fold (Table 2 and Figure
1). The results obtained in this study are
consistent with previous researches. Most of the
studies on silver nanoparticle in vase solution
focused on its anti-bacterial properties and
reported that it increased vase life by reducing
antimicrobial activity (Solgi et al., 2009; Liu et
al., 2012; Safa et al., 2015; Carrillo-Lopez et al.,
2016). In addition, there are studies evaluating
the function of silver nanoparticles as anti-
ethylene agents (Koohkan et al., 2014). In a
similar study, they reported that silver
nanoparticles reduced ethylene production and
bacterial growth in the vase solution and caused
the vase life of cloves to extend. In accordance
with existing literature, it is plausible that in this
study, the high surface area-to-volume ratio and
potent antibacterial activity of silver and copper
nano particles may have suppressed bacterial
population growth in the vase solution and
xylem vessels, consequently extending the vase
life. In similar studies, various chemical
substances known for their antimicrobial effects,

such as silver thiosulfate (STS), silver nitrate
(AgNO3), hydroxyquinoline sulfate (8-HQS),
and hydroxyquinoline citrate (8-HQC), have
been used and found to be highly effective in
extending the vase life of gerbera flowers
(Rahman et al., 2019; Singh et al., 2022).
Previous studies have reported that the addition
of silver nitrate to vase water prevents the
occlusion of vascular bundles and effectively
prolongs vase life (Damunupola and Joyce,
2008). In another study, it was noted that the
highest vase life in cut rose flowers was achieved
when the flowers were placed in preservative
solutions, and sodium hypochlorite-containing
vase solutions were reported to inhibit bacterial
formation, thus extending vase life (Masoome et
al., 2003). Norikoshi et al. (2016) indicated that
sucrose application increased the concentrations
of glucose and fructose within the vacuole,
thereby enhancing water uptake and supporting
cell expansion during flower opening. However,
it has also been reported that carbohydrates,
especially sucrose, may lead to an increase in
bacterial populations in vase water, potentially
causing blockages in the cut flower xylem
vessels (Hajizadeh et al., 2012). In line with
these views, nanoparticles have been observed to
contribute to a longer vase life by reducing
antimicrobial activity.

Vase Life (day)
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Figure 1. Graph showing the effects of different vase solutions on the vase life of cut narcissus flower
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Table 2. Vase life periods of cut narcissus flower depending on different vase solution

. Vase Life (day)
Treatments Vase Solutions

T1 20 ppm Nano Copper 7.33°

T2 20 ppm Nano Silver 5.25¢

T3 30 ppm Nano Copper 7330

T4 30 ppm Nano Silver 6.25"

T5 Sodium Hypochlorite (3mg/L) 5.25¢

T6 Control- tap water 4,259
**Means indicated with different letters in the same column are significantly different significant at
p<0.001

Day 2
Figure 2. Visual representation of cut narcissus flowers with 30 ppm nano silver treatment.

Relative Fresh Weight Value (%) Results

Different vase solution applications were found
to cause statistically significant differences in
relative fresh weight among cut narcissus
flowers, with applications made on days 2, 4, 6,
7, and 8 being statistically significant. Relative
fresh weights of cut narcissus flowers increased
during the first two days, then began to decrease
after the second day (Figure 3). On the second
day, relative fresh weights among treatments
ranged from 103% to 140%. On the final day,
flowers with the highest relative fresh weights
were recorded in the application of 20 ppm nano
copper (T1) and 30 ppm nano copper (T3). A
positive correlation was observed between vase
life and relative fresh weights (Table 3, Figure
3). In the results of this study, it is observed that
as the vase life approaches its end, the relative
fresh weight decreases (Figure 2). However, due

Day4

Day 6 Day7

to the rapid increase in bacterial population not
occurring in nano particle applications, the
relative fresh weight did not decrease rapidly. It
has been reported that although there was an
increase in relative fresh weight throughout the
vase life, a sharp decrease in relative fresh
weight of the cut flower occurred due to the high
number of isolated bacteria in the vase solution
(Li et al., 2012). Previous studies have also
indicated increases in relative fresh weights with
vase applications, which continued for a certain
period and then declined (Alaey et al., 2011;
Unsal, 2022). In another study, the stem fresh
weight of Movie Star cut roses rapidly increased
in the first 40 hours of the vase period, and then
gradually decreased (Lu et al., 2011). Blockage
of vessels caused by bacteria leads to reduced
water uptake and ultimately results in bending,
breaking of stems, and wilting of leaves in cut
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flowers (Nair et al., 2003; Balestra et al., 2005;
Meman and Dabhi, 2006; Solgi et al., 2009).
Soleimany-Fard et al. (2013) noted a significant
increase in relative fresh weight during the first
4 days in alstroemeria flowers, followed by a
significant decrease until the end of the

experiment. Similar change patterns have been
reported for cut rose flowers; proportional
decreases in fresh weight in the days following
harvest can be attributed to decreased water
uptake (Lu et al., 2010; Alaey et al., 2011;
Soleimany-Fard et al., 2013).
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Figure 3. Graph showing changes in relative fresh weight of cut narcissus flower during vase life

Table 3. Changes in relative fresh weight of cut narcissus flowers over vase life

TREATMENTS RFW2 RFW4 RFW5 RFW6 RFW7
T1 112,52 b 106,95 a 108,88 a 104,89 ab 105,01 b
T2 103,37 b 100,88 a 104,35 a - -
T3 117,83 ab 112,69 a 113,59 a 126,74 a 135,53 a
T4 113,03 ab 107,42 a 104,98 a 59,81b -
T5 127,31 ab 125,23 a 121,53 a - -
T6 1409a 125,34 a - - -

*RFW,; Relative Fresh Weight

*Means indicated with different letters in the same column are significantly different significant at p<0.05

Daily Solution Uptake Results

In cut narcissus flowers, the highest solution
uptake was observed in the control group at the
initial measurement of daily solution uptake. The
lowest daily solution uptake was recorded in the
application of 20 ppm nano copper (T1). In the
control group, daily solution uptake rapidly
decreased after the second day, progressing
towards the end of the vase life. Similarly, in
sodium hypochlorite treatment, daily solution
uptake stabilized after the second day. However,
in nano particle applications, daily solution
uptake continued until the 7th day and then

decreased, progressing towards the end of the
vase life (Table 4, Figure 4). Cut flowers' quality
and longevity are primarily determined by water
balance, which is influenced by two main
processes; water uptake and transpiration (Da
Silva, 2003).

The obtained results are consistent with previous
studies. Application of nano silver-containing
vase solution has been reported to have positive
effects on daily solution uptake in cut carnations,
with the maximum solution uptake occurring on
the first day and decreasing over time (Koohkan
etal., 2014).
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Figure 4. Graph showing changes on the daily solution uptake of cut narcissus flowers during vase

life
Table 4. Changes on the daily solution uptake of cut narcissus flowers over vase life
TREATMENTS DSU2 DSU4 DSU5 DSU6 DSU7

T1 30a 20b 20,33 a 47 a 4,67 b
T2 31,33 a 20,67 b 21,67 a - -
T3 32a 21ab 22 a 21,67 b 22a
T4 33,67 a 22 ab 22,67 a 40 a -
T5 36,33 a 22,33 ab 23,33 a - -
T6 42 a 27 a - - -

*DSU; Daily solution uptake

*Means indicated with different letters in the same column are significantly different significant at p<0.05

Conclusion

This study has determined that when the correct
vase solution is used, cut narcissus flowers can
have a vase life of more than 7 days. It has been
found that the addition of silver and copper
nanoparticles to the vase solution significantly
increases vase life compared to other
applications. This study is supportive of previous
research demonstrating that components added
to vase solutions such as sodium hypochlorite,
silver nitrate, and silver nanoparticles limit
microbial activity, thus increasing vase life.
Previous studies have reported that silver is a
potent inhibitor of ethylene effects in plant
tissues; therefore, copper nanoparticles, which
were hypothesized to exhibit a similar effect,
were tested in this study and were found to
demonstrate even higher activity than silver-

containing vase solutions. This could be
attributed to the copper nanoparticle-containing
vase solution not only reducing microbial
activity in the vase solution but also having the
ability to nourish the tissues. This study has
presented an alternative method for vase
solutions and contributed to the identification of
a vase solution that can increase vase life by
nearly double.
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