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Abstract: Carnation (Dianthus caryophyllus) is one of the most cultivated flowers around the world for producing
of cut flowers. This paper assessed the efficacy of nanosilver (NS) as an antibactericidal agent in extending the vase
life of cut flowers of carnation (Dianthus caryophyllus L.). Vase solutions were consisting of NS concentrations in
5, 10, 20, 40 and 80 ppm included sucrose 6 percent added in all treatments. Results showed that all NS treatments
were combined with sugar extended the vase life of carnation flowers significantly compared with control.
Observations indicated that NS trestments inhibited the growth of microorganismsin vase solution and considerably

extend the vase life of cut flowers of carnation.
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1. Introduction

Carnations and Pinks are common or garden names
for various species of the genus Dianthus, which
belongs to the Caryophyllaceae family (Galbally and
Galbally 1997; Jurgens et al., 2003a).

The senescence of carnation flowers (Dianthus
caryophyllus L.) is accompanied by a marked increase
in the synthesis of ethylene and a concomitant
climacteric rise in respiration (Nichols, 1966). Pre-
treatment of cut carnations with a silver thiosulfate
complex (STS) prevents the climacteric rise in ethylene
production (Veen, 1979) and delays senescence of the
flowers (Reid et al., 1980).

Vase life termination for many cut flowers is
characterized by wilting (He et al., 2006). The water
balance is a major factor determining the quality and
longevity of cut flowers. It is influenced by water
uptake and transpiration and balance between two
mentioned processes (Da Silva, 2003). When the
amount of transpiration exceeds the volume of water
uptake, water deficit and wilting develop (Halevy and
Mayak, 1981). Low water uptake is often due to
occlusions located mainly in the basal stem end (He et
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al., 2006), and microbes are a common cause of stem
end blockage (Van Doorn, 1997).

Many agents have been used in cut flowers vase
solutions, extends the vase life by improving water
uptake. These include silver nitrate (Fujino et al.,
1983), aluminum sulphate (Ichimura and Shimizu-
Yumoto, 2007) and 8-hydroxyquinoline sulphate
(Ichimura et al., 1999). Therefore; it isimportant to use
these materials in vase solutions to extend the vase life
of cut flowers.

Nanometer sized silver (Ag") particles (NS) are
considered to more strongly inhibit bacteria and other
microorganisms than Ag in various oxidation states,
Ad’, Ag', Ag®", Ag®* (Furno et al., 2004; Jilang et al.,
2004). Usage of nanosilver compounds (NS) as a pulse
and the vase solution treatment for cut flowers is
relatively new (Liu et al., 2009; Solgi et al., 2009) and
has demondgrated importance as an antibacterial agent
(Alt et al., 2004; Morones et al., 2005). NS rdeases
Ag" (Lok et al., 2007), which has been reported to
interact with cytoplasmic components and nucleic
acids, to inhibit respiratory chain enzymes and to
interfere with membrane permeability (Russd and
Hugo, 1994; Park et al., 2005). Use of NS is becoming
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increasingly widespread in medicine, fabrics, water
purification and various other industrial and non-plant
applications (Jain and Pradeep, 2005; Dubas et al.,
2006; Chen and Schuesener, 2008). Liu et al., (2009)
reported vase life extension for cut gerbera cv. Ruikou
flowers following pulsing with 5mgL ™ NS solution for
24h. The positive effect of an NS pulse trestment was
attributed to inhibition of bacterial growth in the vase
solution and at the cut stems ends during the
postharvest period. However, physiological activity of
Ag" from NS is also a possibility. Ag®, generally
applied as dlver thiosulfate, effectively inhibits
ethylene-mediated process, such as flower senescence
and abscission (Altman and Solomos, 1995; Ichimura et
al., 2008). As with other cations (e.g. k¥, ca®*), positive
effects on plant stem hydraulic conductivity of Ag"
(Van leperen, 2007) is possible. Ohkawa et al., (1999)
reported that silver-containing compounds extended the
vase life of cut roses. Peitao lu et al., (2010) reported
pulse treatment for 1h with 50 and 100mgL™ NS
solutions extended vase life and suppressed reduction in
fresh weight during the vase period. Kim et al., (2005)
reported vase life extensions for Asiatic hybrid Lilium
cv. Dreamland and Crienta hybrid Lilium cv. siberica
by dipping in a mixture of 0.1% nanoparticle pure
colloidal Ag”ion, H,O,, and natural chitosan.

With the above research background present study
has investigated the effects of NS solution treatments
on extending the vase life of cut carnation flowers.
Moreover, possibility of change in flower color or any
sort of damage to the leaves has been other
considerations focused on current research.

2. Materialsand Methods

Cut carnation (Dianthus caryophyllus L.) flowers
were obtained from the Mahallati flower market in
Tehran, Iran. Flowers were obtained in a morning of
spring (April-May) in 2010. Thereafter, they were kept
under shade in the flower mart until being transported
within 5h to the Gorgan University of Agricultura
Sciences and Natural Resources. To minimize moisture
loss, flowers were covered with plastic film during
transportation. At the laboratory, stem ends were re-cut
by >10cm, and stems with about 25cm long were used
in experiments. Experiments were done in a completely
randomized design base.

Vase solutions were freshly prepared at the
beginning of experiments. Solutions were consisting of
NS (Nanocid Company, Iran) concentration of 5, 10,
20, 40 and 80 ppm in combination with sucrose 6% and
control treatment was deionized water. Flowers were
kept in glass vases containing 250ml solution. Pot
mouths were then covered with a sheet polyethylene
film to minimize evaporation and prevent
contamination. After recording the initial fresh weight,
flowers were placed in glass vases filled with the
preservative solutions. The flowers were then kept in a
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controlled room under the following conditions: 12 h
photoperiod at a photosynthetically activated radiation
of 850 LUX, provided by fluorescent lamps, constant
temperature of 20 + 2°C and relative humidity of
60 £ 10%.

Each treatment was comprised six flowers and was
repeated three times. Statistical sgnificance between
mean values was assessed using analysis of variance
(glm) and conventional LSD multiple range test at p <
0.05. This procedure was carried out with the aid of the
SAS 9.1 software platform.

3. Reault and Discussion

In current study different concentrations of
nanosilver (NS) was used as the main source of
variation. The result showed that these preservative
solutions could extend the vase life of cut carnations.
Significant (p<0.05) differences were found among
various concentrations of NS in extending the vase life
of carnation (Dianthus caryophyllus L.) flowers. The
longest vase life was obtained with 5 ppm NS (Table 1
and Graph 1). Also, flowers held in al concentrations
of NS treatment indicated longer vase lives than control
(Table1).

Table 1. Effect of different concentrations of Nanosilver (NS) on
vase life of carnation flowers.

Vase life Days
Nanosilver concentrations
NS 5 ppm 26.3a
NS 10 ppm 216¢c
NS 20 ppm 23.6b
NS 40 ppm 18.6d
NS 80 ppm 176e
Control 96 f

(Source: Mean separation among treatments was done by
LSD test at p < 0.05.)
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Graph 1.
Table 2 depicts the effect of different

concentrations of NS on the vase life of carnation
flowers. It can be seen that there are significant
differences (p < 0.05), between quality of flowers and
quality of leaves during the post-harvest time and
various concentrations of NS. The lowest quality of
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flowers and leave was obtained with control treatment
(Graph 2). Interaction between time and concentration
of vase solution for two mentioned factors was
significant at p < 0.05.

Table 3 shows considerable differences between
measuring factories on different concentrations of NS at
p <0.05.

This table indicates no significant (p < 0.05)
differences were found among various concentrations
of NS on absorbed water (Graph 3), Brix of petals
(Graph 7), chlorophyll ab, chlorophyll a, chlorophyll b
in leaves and kartenoides of flowers (Graph 5). But
during the time (except for kartenoid), differences
between measuring factors were found to be significant
at (p <0.05). Moreover, our experiments indicated that
there was a significant difference between bacteria
concentration and various concentrations of NS at p <
0.05. The lowest bacteria concentration was obtained
with 5 ppm nanosilver (Graph 6). And the highest
concentration rate was seen with Control treatment.

Table 2. Effect of different concentrations of NS on vase life of
carnation flowers.

Treatment df QL QF
R 216 0.1378 0.0548
Density 5 <.0001 <.0001
Time 5 <.0001 <.0001
Density*time 25 <.0001 <.0001
Cv 0.81 3.609

(Source: Mean separation among treatments was done by LSD
test at p < 0.05. QL= quality of leaves; QF= quality of flower)

In addition, there was no significant effect between
different level of NS concentrations and relative fresh
weight of cut carnation flowers. Maximum of fresh
weight was observed in flowers kept in the solutions
which contained 80 ppm NS (Table 4 and Graph 4).

According to a literature review of current studies,
adding sucrose to preservative solutions had positive
effects on the vase life of most flowers, such as
carnation (Halevy and Mayak, 1979).

The results of the current study indicated that a
combination of sucrose and nanosilver compound
extends vaselife of cut carnation (Dianthus
caryophyllus). So, it can be concluded that NS has
antibacterial effects and can extend the vase life of cut
carnation.

5 and 20 ppm NS in combination with sucrose 6%
extended the vase life of cut flowers of white carnation
by 26.3 and 23.6 days (Table 1 and Graph 1).
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Observations indicated that NS treatments had no
effect on the color changes of petals on carnation cut
flowers.

Moreover, our experiments indicated that NS
treatments had a positive effect on increasng quality
and vase life of cut flowers leaves of carnation Table 2,
Graph 2).
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Table 3. Effect of different concentration of Nanosilver (NS) on vase life and measured factors of carnation flowers.

Treatment df aw bc B Clab CLb Cla K
R 48 0.3507 0.4095 <.0001 <0001 <0001 0.0023 0.1846
Density 5 0.3530 <.0001 0.7640 0.7001  0.6720 0.8443 0.6404
Time 5 <0001 0.2203 <.0001 <0001 <.0001 <.0001 0.0123
Time * Density 24 0.0233 <.0001 <.0001 <0001 <0001 0.0100 0.7362
Cv 18.10 34.73 4.103 6.38 6.53 9.35 124.7

(Source: Mean separation among treatments was done by LSD test at p< 0.05).
aw= absorb water; bc= bacteria concentration; b= Brix (TSS); Clab= chlorophyll ab; CLa= chlorophyll a; CLb=chlorophyll b; K= kartenoid.
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a et al., 2005). Ohkawa et al., (1999) reported that silver-
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concentration and various concentrations NS on vase
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Table 4. Effect of different concentration of Nanosilver (NS) on vase
life and relative fresh weight of carnation flowers.

Treatment Df Fw
R 108 0.0050
Density 5 0.0012
Time 2 <.0001
Density*time 10 <.0001
Cv 15.549

(Source: fw=fresh weight)

Nanosilver as a pulse and the vase solution
treatment for cut flowers is relatively new (Liu et al.,
2009; Solgi et al., 2009) and has demondrated its
importance as an anti-bactericida agent which was
improved with current study (Alt et al., 2004; Morones
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