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ABSTRACT

Alstromeria is a new cut flower in Iran that due to the high performance, long life, and pretty flowers and
colors diversity is highly regarded. In order to keeping quality and increase the vase life of cut flowers
Alstroemeria, Nanosilver (0, 4, 8 and 12 mgL-1) and sucrose (0, 4 and 6%) treatments were examined.
Flowers were placed in protective solution for 24 hours and then were transferred to distilled water. Vase
life, relative fresh weight, water uptake, diameter of flower and the number of bacteries, were examined.
A Factorial experiment was laid out in Completely Randomized Designs with 3 replicates and each
replicate contained 3 flower. Our results show that the Nanosilver in all concentrations had the effective
result in prevent the solution bacterial growth in which concentration. Nanosilver treatment with
concentration of 12 mgL-1 plus sucrose 6%, with an average vase life of 29.18 days was effective
treatments on postharvest life of the flowers. In flower diameter also, the Nanosilver treatment with
concentration of 12 mgL-1 plus sucrose 4% was shown to be the most effective treatment. Nanosilver
treatment with a concentration of 4 mgL-1 puls sucrose 4%, had the highest effect on increasing the
relative fresh weight and the water uptake.
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INTRODUCTION

Alstroemeria spp is one of the most beautiful flowers of Alstroemeria genus and Alstroemeriaceae family
and has a various color collection including mauve, light purple, pink, white, orange, yellow and mixture
of 2 colors and its various colors has lead to its worldwide commerce (Alimoradi et al., 2013). This
flower has the capability of keeping its quality during long transportation and thus, is in the centre of
attention for producers. Our country nonetheless, offers a little amount of its production to world, mostly
because of poor post harvest. Flower’s life can be elongated by post harvest treatments. One of the cut
flowers’ issues is that their petals fall before they wither which leads to reduce the economic value
(Ferrante et al., 2004). The late development stage produced ethylene causes this by thrusting the perianth
(Chanasut et al., 2003; Vahdati et al., 2010). Therefore, by using agents that prevent the biosynthesis or
action of ethylene, the falling of petals postpones and the economic value of the flower increases. Using
different chemical components, labeled as flower preservative solutions during supplying the cut flowers
because of preventing the production and activation of ethylene, supplying the water and energy demands
of flower and increasing the quality and transporting time is importance. Sugars in the preservative
solutions are essential for basic process that increases the vase life of cut flowers, this process includes:
stability of cell membrane, activity of mitochondria, delay in decomposition of proteins and adjustment of
the water flow by controlling the transpiration and increasing the water absorption. A noteworthy point is
that, although the existing sugars in preservative solutions have loads of advantages, they provide a
medium for microorganism growth, as well. Therefore, preservative solutions should inevitably consist of
germicides. Germicides control the harmful bacteria and prevent the enclosure of conducting tissues
(Sondi and Salopek-Sondi, 2004). Silver salts are an effective agent for longevity of cut flowers because it
is anti-ethylene which reduces the activity of ethylene and therefore, is considered as a strong bactericide
(Abbasi et al., 2004). Silver ions have been used for ages to reduce the contamination and growth and

© Copyright 2014 | Centre for Info Bio Technology (CIBTech) 131



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm
2014 Vol. 4 (3) July-September, pp.131-142/Hatefi et al.

Research Article

development of microorganism after harvesting the cut flowers (Jiang et al., 2004). Generally, silver
reduces the ethylene binding capacity and stops the production of interior ethylene, therefore, phenomena
such as soon withering, enfolding the petals inside and flower and blossom falling will be postponed
(Bleeksma and Doorn, 2003). Nanosilver is a germicide that changes the cell membrane and reduces the
amplification of DNA in preservative solutions and as it has a big surface which leads to a better contact
to bacteria and therefore, is more efficient that other components (Rai et al., 2009). The effect of
nanosilver on permanence of cut flowers has been studied and it has been showed that all of the samples
had longer vase life (Alimoradi et al., 2013; Liu et al., 2009; Solgi et al., 2009). Thus, using different
density of nanosilver and sucrose solutions is effective on vase life of cut flowers. In this study, the
effects of pulsing treatment by sucrose and nanosilver on post harvesting time of Alstroemeria (cv.
‘Isola”) has been investigated in order to find the best circumstance for the longevity and quality
maintenance for this flower.

MATERIALS AND METHODS

This research was conducted in post harvesting laboratory of Khorasan-E- Razavi, Agriculture and
Natural Resources Research Center, Mashhad, Iran. A two factorial experiment was laid out on
Completely Randomized Designs with 3 replicates. In a totally random framework. The treatments in this
test were: sucrose (0, 4, 6%), nanosilver (0,4,8,12 mgL-1). Nanoseed 4000 ppm was used For providing
nanosiler solutions in 4, 8 and 12 mgL-1 concentration. For that, 1, 2, 3 cc was taken with pipit and was
diluted withl liter of distilled water. As nanosilver is photo -sensitive (silver ions destroy in light), the
containers were covered with aluminum foil paper. The cut flower of Alstroemeria was numbered and
kept in preservative solutions by means of pulsing treatment method for 24 hours and then were
transferred to 500 cc distilled water bottles. During the experiment, flowers were kept in an environment
with 22+1 °C temperature and 6045 Relative humidity and 12 hours light. Finally, characteristics such as
Vase life, relative fresh weight, water uptake, diameter of flower and the number of bacteries in solutions
were examined.

Vase Life: Vase life was judged as the time (days) to 50% visible leaf yellowing and/or 50% petal
abscission relative to the initial number of leaves and flowers on each replicate stem (Mutui et al., 2006).
Relative Fresh Weight: For measuring the relative fresh weight, flowers were weighted from day 0 (since
their transportation to laboratory) untill the end of their lives.

Relative fresh weight (RFW %) = (Wt/Wt=0) x100

Where: Wt = Stem weight (gr) in days: 0, 4, 8, 12,... and Wt=0= weight of the same Stem on day 0 (He et
al., 2006).

Water Uptake: Solutions” weights were determined for specific times and for measuring the water uptake,
the below-mentioned formula was used:

Water uptake (mg day-1 g-1 fresh weight) = (St-1 - St) / Wt=0

Where: St= solution weight (gr) in days: 0, 4, 8, 12,... and St-1= solution weight in one day before
Wit=0= Stem weight (gr) on day 0 (He et al., 2006).

Flower’s Diameter: The initial florets of each flower in specific periods were measured by ruler and the
mean was used for change procedure analysis.

The Amount of Bacteria in Solution: Nutrient agar medium was used for counting the bacteria. For
preparing the medium, 20 gr of nutrient agar (NA) with one liter water were poured in Erlenmeyer and
was put on shaker. After dissolving, the screw was sealed with aluminum foil paper and cotton and was
put in autoclave with 121°C temperature and 15 atm pressure for 15 min.

After disinfecting the hood and all of the needed equipments, 20 ml of N.A medium was poured in sterile
Petri dishes. Usually the CFU (colony forming unit) of samples are too numerous to count and it may
cause false results, therefore, dilution series are needed. For that, tubes were filled with 9 cc physiological
serum and were capped with cotton and foil and were put in autoclave with 121°C temperature and 15
atm pressure for 20 min to be sterile. After that, 1 cc of sample was poured in first tube and shook and
then, 1 cc of first tube was poured in second one and the same went till dilution series of 10-1 — 10-6 were
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achieved and the best dilution was chosen. For counting the bacteria, 1 cc of vases’ solution was taken
and was poured on Petri dish containing nutrient agar medium and spread well. Petri dishes were kept in
incubator for 24 hours in 37°C, then, were counted with colony counter. The amount of bacteria in real
environment was calculated by means of dilution factor and data were given according to CFU (Siddiqui,
2007).

CFU (colony forming unit) = the counted colonies/ dilution factor * the inoculated sample For statistic
analysis, Minitab software was used and means comparison was conducted by Duncan's new multiple
range test (MRT).

RESULTS AND DISCUSSION

Vase Life

The results of variance analysis (table 1) showed that the independent effect of nanosilver and its
interaction with sucrose on increase of the vase life was significant difference 1, 5%, respectively.

Table 1: The results of variance analysis of different concentration of nanosilver and sucrose on
vase life of Alstroemeria cv. Isola

Resource for changes Degree of freedom Mean Squares (MS)
Sucrose 2 41.064"

Nanosilver 6 36.747"

Nanosilver x sucrose 12 12.403"

Error 42 5.729

Total 62

Cv 11.16

*, ** ns, significant within columns at P=0.05, 0.01 or non significant, respectively.

The results of the different concentration of nano silver showed that 12 mgL-1 of nanosilver and the
control were the longest vase life (24.35 days) and the lowest vase life (18.07 days) respectively (Figure
1).
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Figure 1: Effect of different concentration of nano silver on vase life of Alstroemeria cut flowers cv.
Isola
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Interaction examination of treatments showed that 12mgL-1 nanosilver plus 6% sucrose elongated the
vase life the most (mean: 18.29 days). The least effect on vase life elongation belonged to 8 mgL-1
nanosilver treatment (mean: 18.89 days) (figure 2). These results are in accordance with other researches
related to nanosilver and its role on cut flowers’ elongated vase life (Alimoradi et al., 2013; Liu et al.,
2009; Solgi et al., 2009).
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Figure 2: Effect of different concentration of nano silver and sucrose on vase life of Alstroemeria
cut flowers cv. Isola

Relative Fresh Weight

Variance analysis results show that the independent effect of 1% was significant difference. Different
nano silver concentration’ effect on the maintenance time and their simultaneous effect with sucrose of
5% was significant differences (table 2).

Table 2: Variance analysis result, effect of time, sucrose and nanosilver on relative fresh weight,
water uptake and flowers’ diameter

Resource for  Degree of Mean Squares (MS)

changes freedom
Relative fresh Water uptake Flowers’ Diameter
weight

Time 06 0.0956" 6.2333" 3.9858"

Time x Nanosilver 18 0.0041" 0.1317" 0.5422"

Sucrose x Nanosilver 06 0.0059" 0.1471" 0.8477"

Erorr 68 0.0023 0.0379 0.2674

Total 98

CcVv 4.52 8.20 8.46

*, ** ns, significant within columns at P=0.05, 0.01 or non significant, respectively.

The highest increase in relative fresh weight was observed in the first 8 days of experiment and it
decreased significantly in the end days of experiment (figure 3), which similar results in relative fresh
weight changes for other cut flowers has been reported (Alaey et al., 2011; Alimoradi et al., 2013).
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Figure 3: The effects of the maintenance time on relative fresh weight

In the early days, the relative fresh weight increase for 8 mgL-1 nanosilver treatment on cut flowers was
more than others and after a period of time, it sloped negatively like 4mgL-1 nanosilver treatment (figure
4). Generally, the decrease in relative fresh weight of flowers in post-harvesting period may because of
decrease in water uptake (Serek et al., 1995). In a study, the highest relative fresh weight of cut flowers
was recorded in a solution which had the highest water uptake (Alaey et al., 2011).
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Figure 4: Relative fresh weight changes in cut flowers treated by nanosilver during time period of
Alstroemeria cv. Isola

Our results showed that the highest increase in relative fresh weight is related to 4mgL-1 nanosilver plus
4% sucrose (relative fresh weight mean: 1.17) (figure 5).
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Figure 5: Effect of different nanosilver and sucrose concentration on relative fresh weight of
Alstroemeria cv. Isola

Water Uptake

Variance analysis showed significant differences (%1) on water uptake (table 2). Comparison means the
highest water uptake was in day 8 (figure 6). Decrease in water uptake may be because of microorganism
growth and vessel block which leads to shorter life after harvesting. Also, losing the inter-tissue water can
lead to lower water uptake, in that case, as the evaporation and transpiration was fast, leaves’ chlorophylls
disintegrate and plant rapes before its time and post-harvesting life become short (Sujatha et al., 2003).
Our results also showed that the highest water uptake was in 4mgL-1 nanosilver treated flowers (figure
7).
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Figure 6: Effect of maintenance time on preservative solution’s water uptake of Alstroemeria cv.
Isola
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Figure 7: Changes of solutions’ water uptake on flowers treated by nanosilver during the time of
Alstroemeria cv. Isola

Interaction effects of sucrose and nanosilver on water uptake showed that the highest water uptake
(average 1.05 ml/initial weight (g)) was related to 4 mgL-1 nanosilver treatment plus 4% sucrose, which
had the highest relative fresh weight, as well. After that, is 12mgL-1 nanosilver treatment plus 6% sucrose
which had the second place in water uptake (figure 8).
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Figure 8: Effect of different nanosilver and sucrose concentration on water uptake.

Flowers’ Diameter
Variance analysis showed that treatment effects was significant differences (1%) (table 2). Effects of

maintenance time on flower’s diameter showed the biggest diameter was in day 8§ (average 6.63 cm) and
as time passed, diameter decreased (figure 9).

© Copyright 2014 | Centre for Info Bio Technology (CIBTech) 137



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm
2014 Vol. 4 (3) July-September, pp.131-142/Hatefi et al.

Research Article

6.80 1

. 660

IS

S 640 1

o

S 620

o

[

L 600

o

& 5.80

5]

£

5 560

O 540
5.20

Vase life (day)
Figure 9: Effects of maintenance time on flowers’ diameter of Alstroemeria cv. Isola

In first 8 days of experiment, increase was observed and as time passed, decrease happen in them, too. All
of the concentration had a lower decrease than control sample which indicates on the fixed diameters
during observation time (figurel0).

7.00 1
6.80 -
6.60 -
6.40 -
6.20 1
6.00 -
5.80 1 —&—0 mgL-1 Nanosilver
5.60 -
5.40 A
5.20 -

5.00 =12 mgL-1 Nanosilver
1 4 8 12 16 20 24

4 mgL-1 Nanosilver

Diameter of Flower (cm)

—&—8 mgL-1 Nanosilver

Vase life (day)
Figure 10: Changes of diameter in nanosilver-treated flowers during time

Interaction of different concentration of sucrose and nanosilver on flowers ‘diameter showed that the
biggest diameter (average 6.56 cm) was related to 12 mgL™ nanosilver treatment plus 4% sucrose.
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Figure 11: Effect of different nanosilver and sucrose concentration on flower’s diameter of
Alstroemeria cv. Isola
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Effects of chemical material on cut flowers’ diameter was studied in a research and showed that
preservative material can increase the flower’s diameter during time, which was in accordance with the
present study (Ichimura et al., 2001).

The Amount of Diluted Bacteria

Variance analysis of the effects of different treatment on the amount of bacteria showed that treatment
effect was 1% significant differences (table 3).

Table 3: Variance analysis of different concentration of sucrose and nanosilver on the amount of
bacteria existing in preservative solutions

Resource for changes Degree of freedom Mean Squares (MS)
Sucrose 2 5.2x10™™
Nanosilver 3 1.5x10%™

Sucrose x Nanosilver 6 4.9x10™™

Erorr 21 6.5 x10'”

Total 32

cv 11.52

*, ** ns, significant within columns at P=0.05, 0.01 or non significant, respectively.

Examining different concentration of sucrose on the amount of bacteria showed that increase of sucrose
has positive correlation with the amount of bacteria existing in preservative solutions (figure 12). Besides
having a lot of advantages, Sugar of preservative solutions, provide a good environment for
microorganism growth and it is in accordance with the Ney’s researches (2000), who showed that
sucrose, increases the bacterial growth.
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Figure 12: Effect of different concentration of sucrose on the amount of bacteria of Alstroemeria cv.
Isola

By comparing different concentration of nanosilver with the average amount of bacteria in preservative
solutions, nanosilver-treated ones had lower amount of bacteria than the control. The lowest amount of
bacteria (2.7x10%) was in 12mgL™ nanosilver treatment, which had the highest vase life (table4).
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Table 4: Effect of different concentration of nanosilver on the average amount of preservative
solution’s bacteria of Alstroemeria cv. Isola

Treatment Concentration The amount of bacteria
(Cfu/ml™)
Control 3.47x10°¢
4mgL* 9.70x10%®
Nanosilver 8mg L™t 6.94x10%®
12mgL* 2.70x10%?

*According to Duncan test, in each column, means with the same letters are not significantly different

Our results showed that the highest amount of bacteria (4.3 x 10°) was on treated control with 6% sucrose
(table 5) and the lowest amount of bacteria was related to 12mgL™ -nanosilver treatment.

Table 5: The simultaneous effect of different nanosilver and sucrose concentration on the amount
of bacteria of Alstroemeria cv. Isola

Treatment The amount of bacteria (Cfu/ml™)

Sucrose 0% Sucrose 4% Sucrose 4%
Control 2.2x10°° 3.7x10°° 4.3x10°®
4mgL? 8.3x10°¢ 1x10%° 1.07x10%°
8 mgL™ 5.6x10%¢ 6.5x10%° 8.6x10°¢
12 mgL™ 1.4x10%° 3.1x10%° 3.7x10%°

*According to Duncan test, in each column, means with the same letters are not significantly different

Generally, the effect of different nanosilver and sucrose concentration on the amount of bacteria showed
that, in higher amount of nanosilver, the amount of bacteria reduces drastically. In effect, the
antimicrobial materials impeded the development of bacteria population at the end of stem vessel, thus the
water increases in stems.

Conclusion

Generally, this study showed that all of the treated plants had a better situation than the control.
Nanosilver as an antimicrobial material in accordance with sucrose increased the relative fresh weight,
solution water uptake, early florets’ diameter and therefore, it increased the quality and cut flowers’ vase
life of Alstroemeria cv. Isola.

It can be concluded that microbial factor has a major role on reducing the cut flowers’ vase life. In fact,
the effect of silver compounds on longevity of cut flowers is because of reduction in bacterial growth and
vessel blockage, increase in the solutions’ water uptake, impeding the water loss in plant (Mori et al.,
2001), limiting the ethylene activity (Wagstaff et al., 2005) and reducing the transpiration rate (Mei-hua
et al., 2008).
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