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Abstract: The efficacy of a colorless transparent complex nano-silver solution (NS) with a particle diameter less
than 1nm as an antimicrobial agent either in the holding (low concentrations) or as a pulse (higher
concentrations) treatments, in comparison with traditional silver nitrate pulse on bacteria population, water
relations, vase life and keeping quality of 'Tineke' cut rose flowers was investigated. The cut flowers were
placed in holding solutions containing 2% sucrose plus 1, 3, or 5 mg L  NS or placed in solutions containing1

10 or 20 mgL  of NS or silver nitrate for 24 and then transferred to a 2% sucrose solution. The holding solution1

containing 5 mg L  and 2% sucrose resulted in the longest vase life, best water content of the leaves and1

flower buds and highest fresh weight gain. This treatment caused better suppression of bacteria, higher water
uptake and maintained water balance and fresh weight of the flower stem for a longer period than any other
treatment. The second best results were those of 20 mg L  pulse of NS or silver nitrate, which were better than1

10 mg L  pulse of either one. Although not significantly different, NS pulse treatments gave better results than1

their comparable silver nitrate pulses.
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INTRODUCTION Inclusion of various antimicrobial compounds in vase

The termination of the vase life for many cut flowers longevity. Silver nitrate (AgNO ) (10 to 50 ppm) is one of
is characterized by wilting, even though they are held the most common forms of silver salts used in commercial
constantly in water [1, 2]. The difference between water flower preservative solutions. There are many
uptake and water loss (water balance) determines the disadvantages of this silver salt since it is photo oxidized
quality and longevity of cut flowers [3]. to form insoluble compounds which precipitate, reacts

Stem end blockage is a major factor in the imbalance with chlorine in the tap water to form insoluble silver
between water uptake and water loss of cut flowers [4]. chloride and causes blackening of the solution and the
This blockage is either due to factors inherent in the stem, flower stems [1]. In addition, silver in the dissolved or
or due to blockage caused by bacterial growth and/or the ionic form is classified as a hazardous substance that
formation of the gas bubbles [4, 5, 6]. Vascular occlusions causes toxicity to many organisms [12]. Nowadays, silver
and associated wilting in carnations and roses developed nitrate is not used in commercial vase solutions because
when the number of bacteria in vase water reaches of the danger for human health and environmental risk
10 –10  colony forming units (CFU) L  [7, 8, 9]. High [13].7 11 1

levels of bacteria are often found in solutions used for the Silver nanoparticles (NPs), or nanosilver (NS), are
cut flowers by growers, wholesalers, retailers and clusters of silver atoms that range in diameter from 1 to
consumers [10, 11]. 100  nm  and is the most commonly used nano material for

water can reduce the number of bacteria and extend flower
3
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microbial  control  [14, 15] because it has large surface The designated solutions were as follows:
area-to-volume ratios, great efficacy against a large
number of bacterial species [16] and low toxicity to human DI Water: Control flower stems were held constantly in
[17]. deionized water (DI water).

There are over one hundred consumer products that
contain nano silver as an antimicrobial agent including Holding Treatments:
nutrition supplements, kitchenware, textiles, sanitizers, NS 1: Flowers were held in a vase solution containing 1,
contact  lens  solutions,  pharmaceutics  and cosmetics mg L  nano- silver (NS) plus 20 g L  sucrose in DI
[18, 19]. water.

Nano silver formulations of different producers differ
in their particle sizes, color, pH and odor. Since the NS 3: Flowers were held in a vase solution containing 3
antibacterial activity of NS is partly a function of particle mg L  nano- silver (NS) plus 20 g L  sucrose in DI
size [20], they also differ in their effects [21]. In recent water.
years, nanosilver (NS) was tested as a pulse and vase
solution treatment for cut flowers [21, 22, 23, 24] and has NS 5: Flowers were held in a vase solution containing 5
been  reported  to be effective as an antimicrobial agent mg L  nano- silver (NS) plus 20 g L  sucrose in DI
[22, 24] and as an ethylene inhibitor [25]. water.

The purpose of this study was to evaluate the
efficacy of a colorless transparent complex nano-silver Pulse Treatments:
solution with a particle diameter less than 1nm as an NS 10: Flowers were held in DI water containing 10mg L
antimicrobial  agent   either   in   the   holding  solution nano- silver (NS) for 24 hours, then placed in a solution
(low concentrations) or as a pulse (higher concentration), containing 20 g L  sucrose in DI water.
in comparison with traditional silver nitrate pulse on
bacterial growth, water relations, vase life and keeping NS 20: Flowers were  held in DI water containing 20 mg
quality of the white petals 'Tineke' cut rose flowers. L  nano- silver (NS) for 24 hours and  then  placed  in a

MATERIALS AND METHODS

This study was conducted during February and 10 mg L  silver nitrate (AgNO ) for 24 hours, then placed
March 2011. Uniform cut flowers of Rosa hybrida L. cv. in a solution containing 20 g L  sucrose in DI water.
‘Tenke’  were  obtained  from a commercial greenhouse
‘Al-Hanaki’ in Qassim district, Saudi Arabia. Flowers were AgNO  20: Flowers  were  held  in  a DI water containing
cut early in the morning at the commercial stage of cutting 10 mg L  silver nitrate (AgNO ) for 24 hours, then placed
(when the sepals start to reflex). Flowers were wrapped in a solution containing 20 g L  sucrose in DI water.
with cellophane florist wrapping film and placed in
buckets partially filled with tap water and transported Nano silver used in this study was a colorless
within an hour to the laboratory at the Plant Production transparent complex nano-silver solution with a particle
and Protection Department, College of Agriculture and diameter less than 1nm; a product of Shanghai Ehoo
Veterinary Medicine, Qassim University, Qassim, Saudi Biotechnology Co., Ltd, Shanghai, China [26]. Nano
Arabia. At the laboratory, flowers were unwrapped, solutions were prepared using 3000 mg L  stock solution.
graded according to stem length and flower bud size for All solutions were freshly prepared and were not changed
equal distribution among treatments. All the leaves were throughout the experiment period. Throughout the
removed leaving the three upper-most leaves on the stem experiment, the flower stems were held in a controlled
and flower stems were re-cut under tap water to an ventilated environment room at 22°C ± 2°C, 70% RH and
approximately 25 cm in length. Flower stems were placed Light levels were about 15 µmol m  s  at the flower level
individually in a 500 ml conical containing 400 ml of the using cool white fluorescent tubes for 12 hours/day.
designated solution and the neck of the conical was
covered with aluminum foil. Additional 9 flowers for each Fresh Weight, Water Uptake and Water Loss: Each
treatment were placed in conicals covered with aluminum flowering stem weight (without the conical) was recorded
foil for the determination of leaf and flower bud water daily every morning at 10 am. The relative fresh weights
content only. were calculated  as  percentage  of  the   initial  weight.
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The difference between each two consecutive weights of number of bacteria (Figure 1). The vase solutions of
the conical plus solution (without the stem) was used to flowers treated with of NS 20 and AgNO  20 pulsing
calculate solution uptake. Water evaporation from the treatments had less number of bacteria than those pulsed
conical was prevented by covering the neck of the vial with NS 10 or AgNO  10 solutions. At the same time,
with aluminum foil and water loss by transpiration was number of bacteria in NS 1 holding solution, followed by
measured according to Bravdo et al. [27]. that of NS 3 holding solution were more than those of all

Water Balance: Water balance (± g stem day ) was The  data  of  this  experiment  is  in agreement with1 1

calculated as the difference between uptake and loss [4]. Liu et al. [21], who reported that neutral NS as a 4 mg L

Vase Life: Flowers were assessed daily for visual significantly fewer bacteria than the control throughout
symptoms during the vase life evaluation period. The the vase period of cut Acacia holosericea foliage and that
Vase life of each flower stem was determined as the the 4 mg L  holding solution treatment had less number
number of days from harvest day to the day when petals of bacteria than those of the 40 mg L  NS pulse treatment
wilt, necks (peduncle) were bent, petals abscised or from day 2 onwards. On the other hand, earlier report [22]
showed discoloration, or when the flower stem lost 10% showed that 5 mg L  NS pulse treatment inhibited
of its fresh weight, whatever took place first. bacterial growth in the vase solution of cut gerbera

Flower Bud and Leaf Water Content: On the sixth day of there was no significant difference in bacterial counts
vase life, flower bud samples (including sepals, petals and between the control and the NS pulse treatment. They
receptacle) and samples of the second leaf from the top suggested that anti-bacterial benefits of NS pulsing are
were cut and their fresh weights (FW) were recorded. transient. Although, this suggestion might held true, they
Flower bud and Leaf dry weights (DW) were recorded used only 5 mg L  NS concentration as a pulse treatment,
after  drying  to  constant  weight  in an oven for at least which is lower than the NS concentrations used in Acacia
96 hrs at 62°C [2] and water content was calculated as a holosericea (40 mg L ) or in this experiment (10 & 20 mg
percentage of the fresh weight (FW). Water content L ). As a consequence, this is in agreement with the
percent = (FW-DW) / FW × 100. results of this experiment (Figure 1), since NS 5 holding

Bacterial Counts: On the sixth day of vase life, the live growth than the pulse treatments used, especially with the
bacterial populations in the vase solutions were presence of sucrose in all keeping solutions (except for
determined. One ml of aliquots from each of the nine the control). Sucrose is included in most flower
conical of each treatment was taken. Dilution series were preservative solutions of cut flowers as a food source [1]
made with 0.9% sterile normal saline (NaCl) in order to and its presence would encourage growth of bacteria in
achieve easy to count bacterial colonies in any one Petri the solution, unless an effective antibacterial agent is
dish. Aliquots of 0.1ml were spread on nutrient agar plate, used to suppress the bacterial growth. On the other hand,
incubated at 30°C for 48 hrs [10]. Bacterial counts were the concentrations of NS in NS 3 or NS 1 treatments in
expressed as colony forming units per liter (CFU L ). this experiment were too low to be as effective is reducing1

Statistical Analysis: The conicals of the seven treatments treatments did (Figure 1).
and the control were arranged in a randomized complete
block design with 9 individual stem per each treatment. Average Solution Uptake: The average daily solution
Analysis of variance was performed using SAS software uptake of flowers treated with NS 5 holding solution
[28].  Treatment  means  were compared using LSD at the treatment was significantly higher than any other
5 % probability. The experiment was repeated twice. treatment and the control (Table 1). It is also clear from the

RESULTS AND DISCUSSION solution uptake than NS 1 and NS 3 holding treatments

Bacterial Counts: Six days after treatment, the vase These differences are related mainly to the different
solution of flowers treated with NS 5 holding solution effects  of  different  treatments  on bacterial growth
treatment contained the lowest number of bacteria among (Figure 1) and subsequently their water uptake. In this
all treatments, while the control contained the highest concern,  neutral  NS  as  a 4 mg L  vase solution or as a

3

3

other treatments, but were less than the control.

1

vase solution or as a 40 mg L  24 h pulse treatment had1

1

1

1

flowers during the first 2 days of the vase period, but later

1

1

1

treatment was more effective in suppression of bacterial

number of bacteria as the NS 5 treatment or the pulse

same table that the pulsing treatments had relatively more

and significantly more solution uptake than the control.
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Fig. 1: Effects of different holding and pulsing treatments on the number of bacteria in the vase solution after six days
of vase life of cut rose flowers. Data are means of two experiments, each contained 9 flowers ± SE

Table 1: Effects of different holding and pulsing treatments on the average
solution uptake of cut rose flowers and water content of leaves and
flowers after six days of vase life

Water content
(% fresh weight)

Average daily solution uptake --------------------
Treatments (g stem  day ) Flower Leaf1 1

Initial 82.3 75.7
Holding treatments
DI water 2.13 81.6 69.2
NS 1 2.27 82.3 70.0
NS 3 2.38 82.3 71.6
NS 5 2.94 86.0 77.1
Pulse treatments 
NS10 2.49 82.7 73.4
NS20 2.55 84.3 76.9
AgNO  10 2.46 82.8 73.13

AgNO  20 2.50 84.1 75.8 may further impede water uptake [5].3

LSD 5% 0.32 2.9 3.4

40 mg L  24 h pulse treatment resulted in better vase1

water uptake associated with suppression of bacterial
growth in both the vase water and stem-end and delaying
stem blockage of Acacia holosericea foliage [ 21].

Water Content in Flowers and Leaves: Table 1 also
showed that, after six days of vase life, the flower bud
water content (86%) was significantly higher than the
initial flower bud water content (82.3%) and the leaf water
content of NS 5 flowers (77.1%) was relatively higher than
the initial leaf water content (75.7%). The water content of
the flower bud and leaf of flowers placed in NS 5 holding
solution was significantly higher than the control, the
other holding solutions and pulsing solution with 10 mg
of either NS or AgNO  (Table 1). This indicates that this3

treatment maintained and/ or improved the water content
of the flower buds and leaves. The significant increase in
the water content of the flower bud due to NS 5 treatment
over the initial one could be explained that the flower bud
after six days expanded and absorbed more water than the

flower bud at the initial day. However, there were no
significant differences between the water content of
flower buds and leaves of flowers treated with NS 5 and
those of NS 20 and AgNO  20 pulse treatments.3

The difference between water uptake and water loss
determines the turgidity of the cut flower [1]. In many cut
flowers the decrease of water uptake is due to vascular
occlusion  due  to  blockage  caused by bacterial growth
[4, 5, 6]. Vascular occlusions in carnations and roses
developed when the number of bacteria in vase water
reaches 10 -10  colony forming units (CFU) L  [7, 8, 9].7 11 1

In addition, bacterial occlusion in cut roses also resulted
in a high rate of cavitations when the bacterial count in
vase water reached 10  ml , hence in a considerable8 1

number of conduits with air bubbles and these bubbles

The degree of early wilting in cut flowers depends on
the degree of vascular blockage on one hand and the rate
of transpiration on the other [6]. Lu et al. [23] reported
that NS pulse treatments of cut roses with NS at 50 and
100mg L  for 1 h reduced stomata aperture and resulted1

in more water content in cut rose leaves than the control
due to increased hydraulic conductance as well as
inhibition of transpiration from leaves. Thus it seems very
likely that the high water contents of the flowers and
leaves  due  to NS treatments in this experiment (Table 1)
is a result of both high water uptake due to suppression
of bacterial growth combined with low transpiration.

Water Balance: For the sake of convenience, water
balance of cut roses in this experiment was shown in two
figures (Figures 2A & 2B). The water balance of all
treatments started to decline gradually starting from the
second day of the vase life, but with different values
among treatments. The water balance of the control
flowers and NS 1 and NS 3 treatments became negative
after two days and continued to decrease, with better
values  in  favor  to  NS  3  flowers  (Figure  2A). The water
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Fig. 2A: Daily water balance (± g stem ) of cut roses as influenced by different holding solutions. Data are means of1

two experiments, each contained 9 flowers

Fig. 2B: Daily water balance (± g stem ) of cut roses as influenced by different pulsing solutions. Data are means of1

two experiments, each contained 9 flowers

balance of flowers of NS 10 and AgNO  10 became imbalance between water uptake and water loss of cut3

negative after three days, while the water balance NS 20 flowers [4]. This blockage is either due to factors inherent
and AgNO  20 became negative after four days of the in the stem, or due to blockage caused by bacterial growth3

vase life, with better values in favor to the higher and/or the formation of the gas bubbles [4, 5]. The
concentrations (Figure 2B). Flowers held in SN 5 solution differences  among  treatments  in  this  experiment
had positive water balance for a longer period (became (Figures 2A & 2B) could be explained through the
negative after five days) and had better values over all previously mentioned effects of different treatments on
treatments and the control, followed by higher pulse bacterial growth, water uptake, in addition to the effects
concentrations treatments. This seems to be related to the of nano silver on the inhibition of transpiration from
effects of different treatments on bacterial growth in the leaves by reducing stomata aperture [23].
vase solution throughout the vase period. In this concern,
a 4 mg L  NS holding solution treatment had less number Relative Fresh Weight: For the sake of convenience,1

of bacteria than those of the 40 mg L  NS pulse treatment changes in relative fresh weight of cut roses in this1

from day 2 onwards [21]. Thus the more the effect of NS experiment were shown in two figures (Figures 3A & 3B).
treatment on bacterial growth, the later the declines in The relative fresh weight of the control flowers and NS 1
water balance. treatment increased until the third day of vase life and

The difference between water uptake and water loss started to decline thereafter (Figure 3A), while that of NS
(water balance) determines the quality and longevity of 3 flowers started to decline after 4 days of the vase life
cut flowers [3]. Water deficit and wilting take place when with better values than the former. The relative fresh
the amount of water loss exceeds the amount of water weights of the NS 10 and AgNO  10 flowers increased
uptake [1]. Stem end blockage is a major factor for the until  the  fifth  day  of  vase  life  and   started   to  decline

3
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Fig. 3A: Effect of different holding solutions on relative fresh weight throughout the vase life of cut rose flowers. Data
are means of two experiments, each contained 9 flowers ± SE

Fig. 3B: Effect of different holding solutions on relative fresh weight throughout the vase life of cut rose flowers. Data
are means of two experiments, each contained 9 flowers ± SE

Table 2: Effects of different holding and pulsing treatments on vase life and
maximum fresh weight gain in cut rose flowers

Maximum fresh weight gain
Treatments Vase life (days) (% of initial)
Holding treatments
DI water 6.3 3.6
NS 1 6.2 3.8
NS 3 8.1 4.9
NS 5 12.3 7.2
Pulse treatments 
NS10 9.6 5.9
NS20 11.7 6.5
AgNO  10 9.3 5.73

AgNO  20 11.1 6.53

LSD 5% 0.92 1.1

thereafter  (Figure  3B), while those of NS 20 and AgNO3

20 flowers started to decline after the sixth day of the vase
life  with  better values than the former two treatments.
The relative fresh weight of the flowers held in SN 5
solution increased until the sixth day and gradually
declined with better values than all other treatments and
the control. The relative fresh weight changes are
reflection of the water balance within the flower stem and
thus, the relative fresh weight (Figures 3A & 3B) followed
similar trend to that of the water balance (Figures 2A &
2B). Similarly, neutral NS as a 4 mg L  vase solution or as1

a 40 mg L  24 h pulse treatment resulted in better1

maintenance of relative fresh weight and delaying stem
blockage in Acacia holosericea [21] and pulse treatments
for 1 h with 50 and 100 mg L  NS solutions suppressed1

reduction in fresh weight of cut roses during the vase
period [23].

Vase Life and Maximum Fresh Weight Gain: The longest
vase life of cut rose flowers ‘Tineke ‘(12.3 days) was
achieved  using  the holding solution treatment NS 5
(Table 2), which was relatively longer than NS 20
treatment and significantly longer than all the other
holding and pulsing treatments and the control. Pulsing
rose flowers with NS 20 and AgNO  20 solutions resulted3

in significantly longer vase life (11.7 & 11.1 days
respectively) than pulsing with NS 10 or AgNO  103

solutions (9.6 & 9.3days respectively). It is also clear from
the same table that NS pulsing treatments resulted in
relatively longer vase life than the comparable AgNO3

ones. NS 1 did not improve the vase life of cut rose
flowers over the control, but NS 3 did. However, NS 3
holding solution resulted in shorter vase life than the four
pulsing treatments. Highest fresh weight gain was
achieved by placing the flowers in NS 5 holding solution
treatment  (7.2 % of the initial), which was relatively higher
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