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ABSTRACT: Bent neck or stem bending is the most essential
problem of some cultivars of rose and gerbera cut flowers in the
postharvest stage, as it decreases vase life as well as its commercial
value. This research was conducted to evaluate the effectiveness of
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silver nanoparticles (SNPs) at 9 mg/l, 0.2 ml/l thyme oil and 200 mg/I
8-hydroxyquinoline sulfate (8-HQS) as holding solutions and 20 mg/I
silver nanoparticles as a pulsing solution compared to distilled water
(control) in delaying bent neck in Rosa hybrida cv. Avalanche and
stem bending in Gerbera jamesonii cv. Julia cut flowers (these are
more cultivars sensitive to bending). Our results indicated a positive

effect of SNPs and thyme oil on delaying the bent neck and decreasing
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g Dacterial counts. The flowers placed in 9 mg/l SNPs significantly
delayed the bending, reduced the number of bacteria, improved water
maintained a higher lignin percentage, and extended

longevity in both flowers compared to control and other treatments.
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The results of scanning microscopy pictures of the bending area
indicated that 9 mg/l SNPs prevented vessel blockage and maintain
anatomical structures such as epidermis cells, parenchyma cells, and
vascular bundles in both cut rose and gerbera flowers. The results
indicated that SNPs are superior to thyme oil in improving the quality,
prolonging vase life, and delaying the bending of rose and gerbera cut

Keywords: Bent neck, stem bending, postharvest, silver nanoparticles,
thyme oil, rosa, gerbera.

INTRODUCTION

Rosa (Rosa hybrida, L.) family Rosaceae
and gerbera (Gerbera jamesonii, Bolus Ex
Hook) family Asteraceae are among the most
popular cut flowers. They are among the top
ten most important cut flowers of economic
importance in the international market. Neck
or stem bending is one of the most important
problems which cause the short vase life in
the cut flowers of several rose and gerbera
cultivars, which affects their commercial
value (Perik et al., 2014; Garcia-Gonzalez et
al., 2022; El-Shawa et al., 2023). Bending is
due to bacteria in the preservation solution,

which  causes the accumulation of
microorganisms at or within the stem end
and vascular blockages that prevent water
from reaching the flower (van Meeteren,
1978; Steinitz, 1983; Van Meetern et al.,
2001; Perik et al., 2014; Lear et al., 2022).
Other factors induce stem bending during the
vase life period. Bending is due to the
wilting of the pedicle tissue, which occurs
when  water uptake decreases than
transpiration, which leads to water loss from
the flower stem, especially in the bent area in
gerbera (Perik et al., 2012). Also, bending
due to a reduction of mechanistic power in
the upper portion of the stems is caused by
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the lack in the thickness of sclerenchyma
cylinder in this area and low stem lignin
levels (Ferrante et al., 2007; Perik, et al.,
2012; Perik et al., 2014; Ge et al., 2019;
Cheng et al., 2020). To preserve the best
quality of cut flowers after harvest and
reduce vase life problems, the development
of postharvest treatments is essential. Rose
and gerbera-cut flowers usually require vase
solutions containing a carbohydrate supply
and antimicrobial materials to increase vase
life. Sucrose generally supports the essential
operations for extending the vase life of
flowers, such as keeping the structure and
functions of mitochondria, maintaining water
balance by regulating transpiration, and

increasing water uptake (Nowak and
Rudnicki, 1990). To reduce bending,
antimicrobial compounds namely, 8-

hydroxyquinoline sulfate (8-HQS), silver
nanoparticles and thyme oil were examined
during this investigation. 8-hydroxyquinoline
sulfate (8-HQs) is a very important
antimicrobial substance used in vase
solutions as it increases the vase life (van
Doorn, 1998).

Silver nanoparticles (SNPs) had an
efficient antibacterial activity that leads to
extending the vase life of the cut flower
(Solgi, 2014). It acts as an effective
antimicrobial agent due to the high surface
area-to-volume ratio and their physical and
chemical properties (Rai et al., 2012; Nazari
and Saba, 2017; Rahman et al., 2019;
Rashidiani et al., 2020). The antimicrobial
action of SNPs can be explained by the
adhesion of SNPs to microbial cells,
breakthrough inside the cells and the
destruction  of intracellular  structures
(vacuoles, ribosomes, and mitochondria) and
biomolecules (lipids, protein, and DNA),
generation of free radicals and ROS, which
cause oxidative stress and cellular toxicity,
and modification of microbial signal
transmission pathways (Dakal et al., 2016;
Mikhailova, 2020). Silver nanoparticles
break through the cells of bacteria, damage
the respiration chain, and cause disorder in
cell division, eventually, cell death
(Azarhoosh et al., 2021). Hassan et al.

(2014) reported that SNPs significantly
prolonged the vase life and prevented
microbial growth in the vase solution while
maintaining chlorophyll content, relative
water content, relative fresh weight as well
as membrane stability index. In addition,
SNPs  decreased ethylene production,
stomatal conductance, malondialdehyde
(MDA) and hydrogen peroxide (H20>)
production while superoxide
dismutase (SOD), catalase (CAT), and
peroxidase (POX) activities were increased.
El-Shawa et al. (2019) showed that SNPs
enhanced the postharvest quality and
inhibited the growth of bacteria in the stem
end and vase solutions of cut gerbera. SNPs
prolonged the vase life and improved the
water relations of cut rose (Ha et al., 2021).

Essential oils are organic natural
materials, safe, and environmentally
friendly. They are also used as alternatives to
chemicals in vase solutions due to their
strong antimicrobial properties. Essential oils
are secondary metabolites of plants and have
been used mainly for their various biological
properties as antimicrobial and antioxidant
(Basak and Guha, 2018). The essential oils
are chemically a complex mixture of
terpenes  (Sesquiterpenes,  monoterpenes
hydrocarbons, and their  oxygenated
derivatives, such as aldehydes, alcohols,
ethers, esters, phenols, ketones, and oxides),
and  Phenylpropanoids and  phenolic
compounds (Bakkali et al., 2008). The role
of essential oils as antimicrobial agents can
be due to these components. The essential oil
mode of action includes the interaction of its
hydrophobic components with the lipids of
the cell membrane of the microorganism,
leading to metabolic damage and cell death
(Silva et al., 2021). Also, the antimicrobial
effect of essential oils is due to their ability
to disrupt cell walls and cytoplasmic
membrane, and cytoplasm coagulates,
leading to spoilage of cellular organelles and
leakage of macromolecules (Hyldgaard et
al., 2012). Mallahi et al. (2018) showed that
Shirazi thyme oil increased the vase life,
relative fresh weight, and water uptake of
gerbera-cut flowers. Thyme oil prolonged
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the vase life and improved water relation and
relative fresh weight, as well as increased the
chlorophyll a, b, and carotenoids contents,
decreased the bacterial growth, showed
xylem vessels in their prime state compared
with the control (El-Sayed and El-Ziat,
2021). Thymol prolongs vase life and fresh
weight and improves the solution uptake of
gerbera-cut flowers (Babarabie et al., 2017).

Rosa hybrida cv. Avalanche and
Gerbera jamesonii cv. Julia are more
sensitive to bending. As bending is a primary
reason for the short vase life and quality of
cut flowers, which menace flower producers
and consumers. So, this study aimed to
examine the impact of SNPs and thyme oil
as new compounds compared with
traditional compounds such as 8-HQS in
delaying the bending of rose and gerbera cut
flowers Dby evaluating several factors
associated with bending. We selected these
treatments from a previous study for their
superiority in  maintaining the quality
characteristics of gerbera flowers, according
to EI-Shawa et al. (2019).

MATERIALS AND METHODS
Plant material:

The present research was done during
the 2020 and 2021 seasons. Uniform cut
flowers of Rosa hybrida cv. Avalanche and
Gerbera jamesonii cv. Julia were obtained
from commercial greenhouses located in
Giza Governorate, Egypt. Uniform flowers
were harvested early in the morning at the
commercial stage of cutting when the sepals
start to reflex for rose and (when pollen
grains appear in the outer row of ray flowers
for gerbera). Flowers were kept with ice gel
bags inside the ice box and transported
within 3 h of harvesting to the laboratory at
Mansoura Horticulture Research Station,
Horticulture Research Institute, Agriculture
Research Center, Egypt. In the laboratory,
uniform flowers are used. All the leaves of
cut rose were removed, except for the three
uppermost leaves on the stem. Flower stems
of rose and gerbera were re-cut under
distilled water to approximately 50 cm in

length. Cut roses were placed individually in
a graduated cylinder (100 ml), but gerbera
flowers were placed in glass bottles (250 ml)
both filled with designated solutions.

Experimental solutions:

The
follows:

1. Control (distilled water).

2. 8-Hdroxyquinoline sulfate (8-HQS) at 200
mg/l + 20 g/l sucrose for rose and 30 g/l
sucrose for gerbera.

designated solutions were as

3. Thyme oil at 0.2 ml/l + 20 g/l sucrose for
rose and 30 g/l sucrose for gerbera (plus
0.1 ml/l tween-20).

4. SNPs at 9 mg/l + 20 g/l sucrose for rose
and 30 g/l sucrose for gerbera.

5.SNPs at 20 mg/l for 24 h as pulsing
treatment, after that the cut flowers were
placed in 8-HQS at 200 mg/l + 20 g/l
sucrose for rose and 30 g/l sucrose for
gerbera as holding solutions to complete
their vase life.

The preparation of silver nanoparticles
(SNPs) was done according to Hebeish et al.
(2013).

Throughout the experiment, the flowers
were left in a ventilated laboratory at 22 °C +
2 °C, 60 + 5% RH, and light by using cool
white fluorescent lamps (1500 Lux) for 24
hours.

Data recorded:
1. Bent neck or bending stem score:

The bending was specified every 2 days
by measuring the angle between the major
stem and the stem just below the flower
capitulum. The flowers were rated as
follows: O for bending to 15°; 1 for bending
between 15° and 25°; 2 for bending between
25° and 65°; 3 for bending between 65° and
90°; and 4 for flowers bending more than 90°
according to Celikel and Reid (2002).

2. Water relations:

Water uptake (g/flower) was measured
every 2 days during the vase life periods by
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recording decreases in solution weight after
correction with the evaporation rate of the
same solution without cut flowers. Also,
transpiration loss (g/flower) was calculated
as the difference between the change in fresh
weight and the amount of water uptake every
2 days. Moreover, water balance (x
g/flower/2 days) was calculated by applying
the following formula:

Water balance = water uptake - transpiration
loss.

3. Bacterial counts:

The number of bacteria Logio (CFU/mI)
in vase solutions was recorded on the 8" day
of treatments, according to the method
described by De Witte and Van Doorn
(1988).

4. Lignin (%o):

Lignin (%) in the stem from the bending
area was determined according to the method
described by A.O.A.C (2000).

5. The vase life (days):

The vase life (days) was estimated by
calculating the number of days from the
beginning of the postharvest treatments to
the day when the petals wilting at 50%,
flower bending, petals falling, or showed
discolouration for both rose and gerbera cut
flowers.

6. Anatomical studies:

The samples of the rose were 5 mm in
length and were taken from the pedicles just
below the head of the flower on the 12" day
from the start of treatments in the second
season in rose. In gerbera, the samples were
also 5 mm in length but were taken 10 cm
from below the head of the flower on the 8™
day from the start of treatments. Slides were
investigated by light microscopic and
photography, as described by Nassar and
ElSahhar (1998).

4. Experimental
analysis:

design and statistical

The five preservative treatments were
arranged in a randomized complete block

design (RCBD). Both cut flowers were
analyzed separately. Each treatment had
three replicates each of which contained 9
individual flowers. The experiment was
repeated twice. Analysis of variance
(ANOVA) for collected data was performed
using CoStat computer software version
6.303. Treatment means were compared
using the least significant difference (LSD)
at a 5% significance level according to
(Gomez and Gomez, 1984).

RESULTS

1. Bent neck or bending stem score:

Illustrated data in Figures (1 and 3A)
shows that SNPs treatments and thyme oil
significantly decreased the bent neck of Rosa
hybrida cv. Avalanche until the 12" day
compared with 8-HQS and control treatment.
The cut flowers treated with 9 mg/l SNPs
had bent neck delayed until the 12" day from
the beginning of the investigation compared
with all other preservative treatments.
Descending order for the minimum values of
bent neck score were observed for
preservative solutions containing 9 mg/I
SNPs holding solution, 20 mg/l SNPs
pulsing solution, then thyme oil was used,
respectively. The maximum value of the bent
neck was observed in the control treatment
in the two seasons. In the context of the
presented data, it should be underlined that
the application of SNPs and thyme oil had
significant effects on stem bending delay of
Gerbera jamesonii cv. Julia cut flowers
when compared to 8-HQS and the control
(Figures, 2 and 3B). In general, gerbera cut
flowers that held in the preservative solution
contained SNPs at 9 mg/l had no stem
bending until the 8" day of the starting
treatment, while the flower stem of control
treatment started bending slightly from the
4" day, and this bending increased sharply
on the 8" day.

2. Water relations:
a. Water uptake:

As shown in Figure (4) the highest
values of solution uptake were recorded by
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Fig. 1. Impact of 8-HQS, thyme oil, and SNPs treatments during 6%, 8t, 10, and 12t
day on the bent neck (°) through the vase life interval of Rosa hybrida L. cv.

Avalanche cut flowers in the 2020 and 2021 seasons.
LSD (5%) of the 1% season; 8 days=4.72, 10 days=2.09, 12 days= 3.05
LSD (5%) of the 2" season; 8 days=4.91, 10 days= 2.70, 12 days= 2.51
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Fig. 2. Impact of 8-HQS, thyme oil, and SNPs treatments during 2", 4%, 6t and 8™" day
on the stem bending (°) through the vase life interval of Gerbera jamesonii cv.

Julia cut flowers in the 2020 and 2021 seasons.
LSD at (5%) of the 1%t season; 4 days=1.58, 6 days=3.32, 8 days=2.49
LSD at (5%) of 2" season; 4 days=1.03, 6 days=6.46, 8 days=2.90
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Fig. 3. Impact of 8-HQS, thyme oil, and SNPs on the bent neck of Rosa hybrida L. cv.
Avalanche (A) on 12t day and stem bending of Gerbera jamesonii cv. Julia cut
flowers (B) on the 8™ day.
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Fig. 4. Impact of 8-HQS, thyme oil, and SNPs on water uptake (g/flower) every 2 days
through the vase life interval of Rosa hybrida L. cv. Avalanche cut flowers in the

2020 and 2021 seasons.
LSD at 5% of the 1%t season; 2 days =3.02, 4 days=3.26, 6days=1.9, 8 days=2.57, 10 days= 2.84
LSD at 5% of the 2" season; 2 days =4.13, 4 days=3.65, 6days=2.41, 8 days=3.02, 10 days= 2.63
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rose cut flowers held in 9 mg/l SNPs
preservative solution. Moreover, treatments
that included 20 mg/l SNPs pulsing solution
or thyme oil holding solution had the best
values of solution uptake compared with the
control treatment, which had the lowest
values of water uptake during the longevity
period in the two seasons. Data, illustrated in
Figure (5) showed that the gerbera cut
flowers treated with SNPs increased water
uptake compared to other treatments and
control. Also, gerbera cut flowers treated
with thyme oil or 8-HQS recorded the best
values of water absorption during vase life in
both seasons compared with the control
treatment which had a sudden decrease in
absorption after the 4™ day of the vase life.
SNPs at 9 mg/l recorded the highest values
of water uptake in the two seasons.

b. Transpiration loss:

It could observe from the data in Figure
(6) that all treatments showed a similar trend
for transpiration loss mentioned above in
water uptake. SNPs treatments recorded the
highest transpiration loss during the vase life
periods of rose-cut flowers. It is clear from
the data in Figure (7) that there were non-
significant differences in transpiration loss
between treatments on most days of the vase
life period. The highest transpiration loss
was recorded with 9 mg/l SNPs in both
seasons of gerbera cut flowers.

c. Water balance:

Data in Figure (8) showed that the water
balance of all treatments started to decline
gradually from the 4" day of the vase life of
rose cut flowers, but with different values
between treatments. The water balance of the
control flowers became negative after the 4™
and 6™ days in the two seasons, respectively,
and continued to decrease until the end of the
vase life period. Rose cut flowers held in 9
mg/l SNPs + 20 g/l sucrose maintained a
more favorable water balance compared to
other treatments and control. It is noticeable
from the data in Figure (9) that during the
two seasons, gerbera cut flowers treated with
9 mg/l SNPs as a holding solution or pulsing

in 20 mg/l of SNPs exhibited positive water
balance values up to the sixth day, after
which they rapidly dropped. In addition, the
aforementioned treatments outperformed the
control treatment in terms of water balance
throughout the longevity period in both
seasons, which saw a rapid decline in water
balance after the second day of vase life in
both seasons.

3. Bacterial counts:

It is obvious that after the eighth day of
treatment for rose and gerbera cut flowers,
the vase solution of flowers treated with 9
mg/l SNPs had the lowest number of
bacterial counts among all treatments, while
the control treatment recorded a significantly
higher number of bacteria colonies compared
with all other treatments. The vase solutions
fortified with 20 mg/l SNPs or 0.2 ml/l
thyme oil treatments had fewer bacteria
compared to both 200 mg/l 8-HQS and
control treatments (Tables, 1 and 2).

4. Lignin content:

It was observed from Tables (1 and 2)
that SNPs and thyme treatments significantly
maintained higher levels of lignin than 8-
HQS treatment in rose and gerbera cut
flowers. However, SNPs treatments gained
better than essential oils treatments and 9
mg/l holding solution was the most effective
in maintaining the higher lignin percentage
followed by 20 mg/l SNPs pulsing solution.
The highest lignin percent was obtained by 9
mg/l SNPs holding solution while the lowest
lignin percent was recorded with control.

5. Vase life:

As presented in Table (1), the most
extended vase life of cut rose flowers (21.83
and 21.67 days, respectively in both seasons)
was obtained when holding solution
supplemented with 9 mg/l SNPs was used,
which was much more prolonged than the
control and all other treatments.
Additionally, the greatest vase life of gerbera
cut flowers was attained by utilizing a 9 mg/I
SNPs holding solution (17.00 and 18.33 days
in both seasons, respectively), followed by a
20 mg/l SNPs pulsing solution (Table, 2).
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Fig. 5. Impact of 8-HQS, thyme oil, and SNPs on water uptake (g/flower) every 2 days
through the vase life interval of Gerbera jamesonii cv. Julia cut flowers in the

2020 and 2021 seasons.
LSD at 5% of the 1% season; 2 days =2.92, 4 days=1.38, 6 days=3.28, 8 days=2.57
LSD at 5% of the 2" season; 2 days =4.55, 4 days=1.82, 6days=2.15, 8 days=3.23
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Fig. 6. Impact of 8-HQS, thyme oil, and SNPs on transpiration loss (g/flower) every 2 days
through the vase life interval of Rosa hybrida L. cv. Avalanche cut flowers in the 2020
and 2021 seasons.

LSD at 5% of the 1%t season; 2 days =3.51, 4 days=3.24, 6 days=1.98, 8 days=NS,10 days= 2.83
LSD at 5% of the 2" season; 2 days =4.25, 4 days=3.52, 6 days=2.38, 8 days=NS, 10 days= 2.39
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Fig. 7. Impact of 8-HQS, thyme oil, and SNPs on transpiration loss (g/flower) every 2
days through the vase life interval of Gerbera jamesonii cv. Julia cut flowers in

the 2020 and 2021 seasons.
LSD at 5% of the 1% season; 2 days = 3.88, 4 days= NS, 6 days= NS, 8 days =NS
LSD at 5% of the 2" season; 2 days = NS, 4 days= 1.64, 6 days= 2.49, 8 days =NS
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Fig. 8. Impact of 8-HQS, thyme oil, and SNPs on water balance (g/flower/2 days)
through the vase life interval of Rosa hybrida L. cv. Avalanche cut flowers in

the 2020 and 2021 seasons.
LSD at 5% of the 1 season; 2 days =0.58, 4 days=0.57, 6 days=0.41, 8 days=0.55, 10 days= 0.60
LSD at 5% of the 2" season; 2 days =0.40, 4 days=0.34, 6 days=0.38, 8 days=0.62, 10 days=1.02
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Fig. 9. Impact of 8-HQS, thyme oil, and SNPs on water balance (g/flower/2 days)
through the vase life interval of Gerbera jamesonii cv. Julia cut flowers in the

2020 and 2021 seasons.
LSD at 5% of the 1% season; 2 days =1.38, 4 days=1.59, 6 days=1.59, 8 days=1.65
LSD at 5% of the 2" season; 2 days =2.82, 4 days=1.61, 6 days=0.76, 8 days=2.29
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Table 1. Impact of 8-HQS, thyme oil, and SNPs on No. of bacteria, lignin percentage and
vase life (days) of Rosa hybrida L. cv. Avalanche cut flowers in the 2020 and 2021

Seasons.
B i . igni Vase lif
Treatments '—Oﬁiztfggd\;?n 1) Lég:)l | 15t seasis: ) (dz?‘/:)season
Control 10.23 3.26 13.76 12.83
8HQS at 200 mg/I 8.59 3.83 15.50 15.17
Thyme oil at 0.2 ml/I 7.32 4.94 17.50 18.00
SNPs at 9 mg/I 6.06 6.66 21.67 21.83
SNPs at 20 mg/I 6.30 6.10 18.00 18.67
L.S.D (5%) 0.96 0.05 3.37 1.96

Table 2. Impact of 8-HQS, thyme oil, and SNPs on No. of bacteria, lignin percentage and
vase life (days) of Gerbera jamesonii cv. Julia cut flowers in the 2020 and 2021

seasons.
i . igni Vase life (days
Treatments '—Eﬁizt(eggd\;g") L('g/:)'” 1stseason ( 2?‘/d )season
Control 10.87 1.59 8.11 8.67
8HQS at 200 mg/I 8.80 1.78 10.00 10.67
Thyme oil at 0.2 ml/I 6.41 2.55 12.67 13.33
SNPs at 9 mg/I 5.57 3.45 17.00 18.33
SNPs at 20 mg/I 6.24 3.19 16.00 17.33
L.S.D (5%) 0.49 0.15 1.42 1.52

6. Anatomical structure of the rose neck
and gerbera stem:

The transversal sections of necking
peduncles of cut rose and gerbera flowers
showed a clear difference in the anatomy
structures between the non-treated (control
plants) and the treated cut flowers Figures
(10 and 11). It clearly showed the undulation
and broken cells of the epidermis layer with
greater shrinkage of the parenchyma cells of
non-treated rose and gerbera flowers
(Figures, 10A and 11A). Among the other
rose and gerbera flowers transverse sections
Figures (10 and 11) showed clearly slight
undulation of the epidermis layer with 8-
HQS and thyme oil treatments compared to
the  SNPs treatments.  Additionally,
parenchyma layers appeared slightly
compact and contained some necrotic cells
of cut stems which were treated with SNPs at
20 mg/l compared to other treatments. Also,
we observed a slight breakage of the vascular

bundle cells of non-treated cut rose and
gerbera flowers (Figures, 10A and 11A).
There was a clear blockage in the xylem
vessels in the control sections and a slight
blockage in the other treatments, except for
the SNPs at 9 mg/l treatment of both cut rose
and gerbera flowers.

DISCUSSION

In this study, the treatments of SNPs and
thyme oil significantly decreased the
bending of cut rose and gerbera compared
with 8-HQS and the control treatments. The
bending degree results were correlated with
improvement in water relations, a lower
number of bacteria in the vase solution, and
maintenance of the lignin content in the
flower stem, and this led to the extension of
the vase life period. Bending is mostly
caused by an air embolism or the growth of
bacteria in the vase solution and cumulating
of microorganisms at or inside the stem end
which leads to the clogging of vessels and
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in the

structure of Rosa hybrida L. cv. Avalanche cut flowers

Fig. 10. The anatomical
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Fig. 11. The anatomical structure of Gerbera jamesonii cv. Julia cut flowers in the
second season. Since (A): control, (B): 8-HQS at 200 mg/l, (C): thyme oil at
0.2 ml/l, (D): SNPs at 20 mg/l, (E): SNPs at 9 mg/l, Ep: epidermis, P:
parenchyma, Vb: vascular bundle, Xy: xylem, Ph: phloem, S: sclerenchyma,

Nc: necrotic cells, Bp: blocked phloem, and Shc: shrinkage cells (Magnification
40X).
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prevention of absorption water (Lear et al.,
2022). The bending stem in gerbera was
correlated with lignin levels in the stem and
transpiration from the stem (Perik et al.,
2012). Some researchers indicated that
xylem occlusion with bacteria at the stem
ends may be the most common reason for
stem bending and water deficit during
postharvest in gerbera (Naing et al., 2017; Li
etal., 2019; Liu et al., 2021).

In the current studies, the bending of
rose and gerbera cut flowers were
significantly delayed by holding in SNPs at 9
mg/l solutions. Our findings are agreeing
with the studies of (Solgi et al., 2011; Liu et
al., 2021) on gerbera. Probably the reason
for delaying bending is the positive effect of
SNPs on preventing bacterial growth in vase
solution, preventing occlusion of water-
conducting tissues, and therefore improving
water uptake.

The findings of this investigation
demonstrated that the lowest number of
bacteria was recorded by holding solutions
containing SNPs at 9 mg/l on the 8" day of
treatment. Similar results on cut flowers
were obtained by (Abdel-Kader, 2012 on
rose; El-Shawa et al., 2019 and Liu et al.,
2021 on gerbera). Because SNPs have a
relatively high surface area and make better
contact with microbes than other salts, they
offer effective antibacterial characteristics
that limit the development of
microorganisms (Rai et al., 2009). SNPs get
attached to the surface of the bacterial cell
wall, then immediately get inside the
bacteria and quickly interact with sulfhydryl
(-SH) of metabolic oxygenic enzyme and
thus disrupt them and prevent metabolism,
inhalation, and throttle the bacteria
(Niemietz and Tyermann, 2002).
Additionally, SNPs cause cell death by
attacking the respiratory chain and cell
division (Morones et al., 2005). In our study,
the use of SNPs at 9 mg/l + 20 and 30 g/l
sucrose is enhancing water uptake and
maintains water balance in rose and gerbera
cut flowers, respectively. Similar results on
lisianthus cut flowers were obtained by

(Skutnik et al., 2021) and showed that the
highest water uptake and transpiration rate
were gained by flowers held in SNPs +
sucrose solution. SNPs treatments reduced
stomatal conductance and transpiration rate,
thus decreasing the water loss (Rafi and
Ramezanian, 2013; Hassan et al., 2014) on
cut rose. The decreased number of bacteria
in the vase solution may be the cause of the
beneficial effect of SNPs treatment on
improving water relations.

Our results showed that lignin content
had been maintained by using SNPs at 9
mg/l + sucrose holding solution. Similar
results were obtained on gerbera-cut flowers
by El-Shawa et al. (2019). Low lignin
content debilitates the hardness of the stem
and the wvascular tissue, which led to
decreasing the mechanical resistance to the
whole flower as well as obstructing water
and mineral transfer to flowers, thereby
leading to speedy stem bending on
snapdragon (Naing et al., 2021; Soe et al.,
2022). The maintenance of lignin content by
SNPs could be associated with the inhibitory
effect of SNPs on ethylene production and
increasing antioxidant enzyme activities
(CAT, SOD, and POX), which has been
reported in rose (Hassan et al., 2014).

These studies showed that the vase life
of rose and gerbera cut flowers was extended
by delaying the bending, decreasing the
bacterial number on the vase solution,
improving the water relations, and
maintaining lignin content. By applying 9
mg/l SNPs, the highest vase life in both
flowers was obtained. Our results agree with
those of Atefepour et al., 2021 on gerbera,
and Skutnik et al., 2021 on lisianthus. In this
study, thyme oil at 0.2 ml/lI showed positive
effects on delaying bending, reducing the
bacterial number in vase solution, and
maintaining lignin in cut flowers rose, and
gerbera compared to the control and 8-HQS
treatments. The results of this research
agreed with those of El-Sayed and El-Ziat
(2021) on cut chrysanthemum who reported
that the lowest bacterial counts were
recorded with 500 mg/l thyme oil. Thyme oil
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at 0.1 mg/l reduced the bending stem and
extended the vase life on the gerbera cut
flower (Amini et al., 2014). The antibacterial
effect of some essential oils has been
attributed to aldehydes, alcohols, phenols,
esters, thymol, carvacrol, and eugenol
(Bassole and Juliani, 2012). Thymol and
carvacrol can disintegrate the external
membrane of the bacterial cell membrane
and mitochondria, increase the permeability
of the cytoplasmic membrane to ATP,
release lipopolysaccharides (LPS) and
leading to leakage of cell contents, therefore
exerting their antibacterial effect (Burt,
2004).

The results under discussion showed that
the application of 9 mg/l SNPs maintained
the anatomical structures in the bending area
of rose and gerbera cut flowers and
prevented blockage in xylem vessels
compared to the control. This may be related
to the effect of the SNPs which could reduce
the bacterial growth in preservative solutions
and cut stem ends, improve the water uptake,
and maintain the water balance. This has led
to the freshness of the flower. These results
agree with Abdel-Kader et al., 2017 on rose;
El-Shawa et al. (2019) on gerbera.

CONCLUSION

SNPs are superior to thyme oil in
improving the quality and delaying bending
by inhibiting bacterial growth, regulating
flower water balance and maintaining the
lignin content, maintaining anatomical
structure thus prolonging the vase life of
Rosa hybrida cv. Avalanche' and Gerbera
jamesonii cv. Julia cut flowers (these are
more cultivars sensitive to bending). We
could recommend using SNPs at 9 mg/l + 20
and 30 g/l sucrose as holding solutions to
delay bending in the preservative solutions
of both cut rose and gerbera flowers,
respectively.

REFERENCES

Abdel-Kader, H.H. (2012). Effects of
nanosilver holding and pulse treatments
in comparison with traditional silver
nitrate pulse on water relations and vase

life and quality of the cut flowers of Rosa
hybrida L. cv. Tineke. World Appl. Sci.
J., 20(1):130-137.

Abdel-Kader, H.H.; Hamza, A.M.; Elbaz,
T.T. and Eissa, S.M. (2017). Effects of
some chemicals on vase life of some cut
flowers, 1. Effect of 8-hydroxyquinoline
sulfate, silver nitrate, silver nano particles
and chitosan on vase life and quality of
cut rose flowers (Rosa hybrida cv. Black
Magic). J. Plant Prod., Mansoura Univ.,
8(1):49-53.

Amini, S.; Jafarpour, M. and Asgari, K.
(2014). Effect of temporary and
permanent treatments of extracts of
thyme and stevia on postharvest quality
of gerbera cut flowers. Aust. J. Basic and
Appl. Sci., 8(8):93-98.

A.0.A.C. (2000). Official Methods of
Analysis of the Association of Official
Analytical ~ Chemists, 17"  Ed.

Washington D.C., USA.

Atefepour, E.; Saadatian, M.; Asil, M.H. and
Rabiei, B. (2021). Effect of silver nano
particles and 8-hydroxyquinoline citrate
on the longer life of cut gerbera (Gerbera
jamesonii) ’Sunway’ flowers. Scientia
Horticulturae, 289:1-9.
https://doi.org/10.1016/j.scienta.2021.110
474

Azarhoosh, J.; Hashemabadi, D.; Asadpour,
L. and Kaviani, B. (2021). Extending
vase life of cut Strelitzia reginae Aiton
flowers by cobalt chloride, cerium
nitrate, silver nanoparticles and nanosil.
Acta Sci. Pol. Hortorum Cultus,
20(4):89-99.
http://dx.doi.org/10.24326/asphc.2021.4.8

Babarabie, M.; Zarei, H. and Varaste, F.
(2017). A study on the feasibility of
replacing silver nitrate with natural
compounds in preservative solution of
Gerbera jamesonii cut flowers. J. Plant
Physiol. Breed., 7(1):75-86.

Bakkali, F.; Averbeck, S.; Averbeck, D. and
Idaomar, M. (2008). Biological effects of

337



Ghada M.R. El-Shawa et al.

essential oils, a review. Food Chem.
Toxicol., 146: 446-475.

Basak, S. and Guha, P. (2018). A review on
antifungal activity and mode of action of
essential oils and their delivery as nano-
sized oil droplets in food system. J. Food
Sci. Technol., 55(12):4701-4710.
https://doi.org/10.1007/s13197-018-3394-5

Bassolé, I.H.N. and Juliani, H.R. (2012).
Essential oils in combination and their
antimicrobial properties. Molecules, 17(4):
3989-4006.
https://doi.org/10.3390/molecules170439
89

Burt, S. (2004). Essential oils: their
antibacterial properties and potential
applications in foods, a review. Int. J.
Food Microbiol., 94: 223-253.
https://doi.org/10.1016/j.ijfoodmicro.200
4.03.022

Celikel, F.G. and Reid, M.S. (2002). Storage
temperature affects the quality of cut
flowers from the Asteraceae. HortSci.,
37(1):148-150.
https://doi.org/10.21273/HORTSCI.37.1.
148

Cheng, G.; Wang, L.; He, S.; Liu, J. and
Huang, H. (2020). Involvement of pectin
and hemicellulose depolymerization in
cut gerbera flower stem bending during
vase life. Postharvest Biol. Technol.,
167:1-5.
https://doi.org/10.1016/j.postharvbio.202
0.111231

Dakal, T.C.; Kumar, A.; Majumdar, R.S. and
Yadav, V. (2016). Mechanistic basis of
antimicrobial actions of silver
nanoparticles. Front Microbiol., 7:1-17.
https://doi.org/10.3389/fmich.2016.01831

De Witte, Y. and Van Doorn, W.G. (1988).
Identification of bacteria in the vase
water of roses and the effect of the
isolated strains on water uptake. Sci.
Hortic., 35:285-291.

El-Sayed, I.M., and El-Ziat, R.A. (2021).
Utilization of environmentally friendly
essential oils on enhancing the

postharvest characteristics of
Chrysanthemum morifolium Ramat cut
flowers. Heliyon, 7(1):1-10.
https://doi.org/10.1016/j.heliyon.2021.e0
5909

El-Shawa Ghada, M.; EL-Saka Magda, M.
and Abd EL-Kafie Omaima, M. (2019).
Evaluation of several Ag* sources and
some essential oils for prolonging vase
life of gerbera cut flowers cv. Julia.
Egypt. J. Agric. Res., 97(2):285-302.
https://doi.org/10.21608/EJAR.2019.150
670

El-Shawa Ghada, M.R.; Ibrahim Fatma R.
and Arafat, L.A. (2023). Effect of nano
calcium, calcium chloride, and salicylic
acid on bent neck in cut Roses. J. Hortic.
Sci. Biotechnol., 98(2):233245.
https://doi.org/10.1080/14620316.2022.2
106902

Ferrante, A.; Alberici, A.; Antonacci, S. and
Serra, G. (2007). Effect of promoter and
inhibitors of phenylalanine ammonia-
lyase enzyme on stem bending of cut
gerbera flowers. Proc. The International
Conference on Quality Management in
Supply Chains of Ornamentals, Acta
Hortic., 755:471-476.
https://doi.org/10.17660/ActaHortic.2007.
755.64

Garcia-Gonzalez, A.;  Soriano-Melgar,
L.D.AA.; Cid-Lopez, M.L.; Cortez-
Mazatén, G.Y.; Mendoza-Mendoza, E.;
Valdez-Aguilar, L.A. and Peralta-
Rodriguez, R.D. (2022). Effects of
calcium oxide nanoparticles on vase life
of gerbera cut flowers. Sci. Hortic.,
291:1-11.
https://doi.org/10.1016/j.scienta.2021.110
532

Ge, Y.F.; Lai, Q.X.; Luo, P.; Liu, X. J. and
Chen, W. (2019). Transcriptome
profiling of Gerbera hybrid reveals that
stem bending is caused by water stress
and regulation of abscisic acid. BMC
Genomics, 20(600):1-22.
https://doi.org/10.1186/s12864-019-5961-1

338



Scientific J. Flowers & Ornamental Plants, 9(4):319-341 (2022)

Gomez, K.A. and Gomez, A.A. (1984).
Statistical Procedures for Agricultural

Research. 2" ed. International Rice
Research Institute, College, Laguna,
680 p.

Ha, S.T.T.; Kim, Y.T.; Jeon, Y.H.; Choi,
H.W. and In, B.C. (2021). Regulation of
Botrytis cinerea infection and gene
expression in cut roses by using nano
silver and salicylic acid. Plants, 10:1-14.
https://doi.org/10.3390/plants10061241

Hassan, F.A.S.; Ali, E.F. and El-Deeb, B.
(2014). Improvement of postharvest
quality of cut rose cv. ‘First Red’ by

biologically synthesized silver
nanoparticles.  Scientia Horticulturae,
179:340-348.

http://dx.doi.org/10.1016/j.scienta.2014.0
9.053

Hebeish, A.; EI-Rafie, M.H.; EI-Sheikh,
M.A. and EI-Naggar, M.E. (2013).
Nanostructural features of SNP powder
synthesized through concurrent formation
of the nanosized particles of both starch
and silver. J. Nanotechnology.
https://doi.org/10.1155/2013/201057

Hyldgaard, M.; Mygind, T. and Meyer, R.L.
(2012).  Essential  oils in  food
preservation: mode of action, synergies,
and interactions with food matrix
components. Front. Microbiol., 3:1-24.
https://doi.org/10.3389/fmich.2012.00012

Lear, B.; Casey, M.; Stead, A.D. and Rogers,
H.J. (2022). Peduncle necking in Rosa
hybrida induces stress-related
transcription factors, upregulates
galactose metabolism, and downregulates
phenylpropanoid  biosynthesis  genes.
Front. Plant Sci., 13:1-15.
https://doi.org/10.3389/fpls.2022.874590

Li, C.; Fan, Y.; Luan, W.; Dai, Y.; Wang,
M.; Wei, C.; Wang, Y.; Tao, X.; Mao,

P.and Ma, X.(2019). Correction to:
Titanium ions inhibit the bacteria in vase
solutions of freshly cut Gerbera
jamesonii and extend the flower

longevity. Microb. Ecol., 77:967-979.
https://doi.org/10.1007/s00248-018-1273-2

339

Liu, J.; Lai, L.; Liu, H.; Li, H.; Yu, G.; Sun,
Y. and He, S. (2021). Nano-silver
treatment reduces bacterial proliferation
and stem bending in cut gerbera flowers:
Anin vitro and in vivo evaluation.
Postharvest Biol. Technol., 180:1-8.
https://doi.org/10.1016/j.postharvbio.202
1.111595

Mallahi, T.; Ramezaniana, A.; Saharkhiz,
M.J.; Javanmardi, J. and Aid, I. (2018).
Antimicrobial activities of Asafoetida
and Shirazi thyme essential oils improve
the vase life of gerbera cut flowers. Acta
Ecol. Sinica, 38:228-233.
http://dx.doi.org/10.1016/j.chnaes.2017.0
8.009

Mikhailova, E.O. (2020). Silver
Nanoparticles: Mechanism of Action and
Probable Bio-Application. J. Funct.
Biomater., 11(4):1-26.
https://doi.org/10.3390/jfb11040084

Morones, J.R.; Elechiguerra, J.L.; Camacho,
A.; Holt, K.; Kouri, J.B.; Ramirez, J.T.
and Yacaman, M.J. (2005). The
bactericidal effect of silver nanoparticles.
Nanotechnol., 16(10):2346-2353.
https://doi.org/10.1088/0957-4484/16/10/059

Naing, A.H.; Lee, K.; Kim, K.O.; Ai, T.N.
and Kim, C.K. (2017). Involvement of
sodium nitroprusside (SNP) in the
mechanism that delays stem bending of
different gerbera cultivars. Front. Plant
Sci., 8:1-10.
https://doi.org/10.3389/fpls.2017.02045

Naing, A.H.; Soe, M.T.; Yeum, J.H. and
Kim, C.K. (2021). Ethylene acts as a
negative regulator of the stem bending
mechanism of different cut snapdragon
cultivars. Front. Plant Sci. 12:1-10.
https://doi.org/10.3389/fpls.2021.745038

Nassar, M.A. and EIl-Sahhar, K.F. (1998).
Botanical Preparations and Microscopy
(Microtechnique). Academic Bookshop,
Dokki, Giza, Egypt, 219 p.

Nazari, F. and Sabal, K.M. (2017).
Combination effect of 1-
methylcyclopropane  (1-MCP)  with



Ghada M.R. El-Shawa et al.

ajowan essential oil and silver
nanoparticles on postharvest life of
gerbera (Gerbera jamesonii) cut flowers.
Hortsci., 52(11):1550-1555.
https://doi.org/10.21273/HORTSCI12299
-17

Niemietz, C.M. and Tyermann, S.D. (2002).
New potent inhibitors of aquaporins:
silver and gold compounds inhibit
aquaporins of plant and human origin.
FEBS Lett., 531(3):443-447.
https://doi.org/10.1016/S0014-5793(02)03581-0

Nowak, J. and Rudnicki, R.M. (1990). Post-
harvest Holding and Storage of Cut
Flowers, Florist Greens and Potted
Plants. Chapman and Hall, USA, 210 p.

Perik, R.R.J.; Razé, D.; Ferrante, A. and Van
Doorn, W.G. (2014). Stem bending in cut
Gerbera jamesonii flowers: Effects of a
pulse treatment with sucrose and calcium
ions. Postharvest Biol. Technol., 98:7—
13.
http://dx.doi.org/10.1016/j.postharvbio.2
014.06.008

Perik, R.R.J.; Razé, D.; Harkema, H.; Zhong,
Y. and van Doorn, W.G. (2012). Bending
in cut Gerbera jamesonii flowers relates
to adverse water relations and lack of
stem sclerenchyma development, not to
expansion of the stem central cavity or
stem elongation. Postharvest Biol.
Technol., 74:11-18.
http://dx.doi.org/10.1016/j.postharvbio.2
012.06.009

Rafi, Z.N. and Ramezanian, A. (2013). Vase
life of cut rose cultivars ‘Avalanche’ and
‘Fiesta’ as affected by nano-silver and
s-carvone treatments. South African J.
Bot.,86:68-72.
http://dx.doi.org/10.1016/j.sajb.2013.02.1
67

Rahman, M.M.; Ahmad, S.H.; Mohamed,
M.T.M. and Ab Rahman, M.Z. (2019).
Improving the vase life of cut Mokara
Red orchid flower using leaf extracts
with silver nanoparticles. Proceedings of
the National Academy of Sciences, India

340

Section B, Biol. Sci., 89(4):1343-1350.
https://doi.org/10.1007/s40011-018-1055-0

Rai, M.; Yadav, A. and Gade, A. (2009).
Silver nanoparticles as a new generation
of antimicrobials. Biotechnol. Adv.,
27(1):76-83.
https://doi.org/10.1016/j.biotechadv.2008
.09.002

Rai, M.K.; Deshmukh, S.D.; Ingle, A.P. and
Gade, A.K. (2012). Silver nanoparticles:
the powerful nano weapon against
multidrug-resistant bacteria. J. Appl.
Microbiol., 112:841-852.
https://doi.org/10.1111/j.1365-2672.2012.05253.x

Rashidiani, N.; Nazari, F.; Javadi, T. and
Samadi, S. (2020). Comparative
postharvest responses of carnation and
chrysanthemum to synthesized silver
nanoparticles (AgNPs). Adv. Hort. Sci.,
34(2):133-145.
https://doi.org/10.13128/ahsc7491

Silva, B.D.; Bernardes, P.C.; Pinheiro, P.F,;
Fantuzzi, E. and Roberto, C.D. (2021).
Chemical composition, extraction
sources and action mechanisms of
essential oils: Natural preservative and
limitations of use in meat products. Meat
Sci., 176:1-11.
https://doi.org/10.1016/j.meatsci.2021.10
8463

Skutnik, E.; Lukaszewska, A. and Rabiza-
“Swider, J. (2021). Effects of postharvest
treatments with nanosilver on senescence
of cut lisianthus (Eustoma grandiflorum
(Raf.) Shinn.) Flowers. Agron., 11:1-15.
https://doi.org/10.3390/agronomy110202
15

Soe, M.T.; Naing, A.H.; Kim, S.R. and Kim,
C.K. (2022). Characterizing the effects of
different chemicals on stem bending of
cut snapdragon flower. Plant Methods,
18(1):1-10.
https://doi.org/10.1186/s13007-021-00835-1

Solgi, M. (2014). Evaluation of plant-
mediated silver nanoparticles synthesis

and its application in postharvest
physiology of cut flowers. Physiol. Mol.



Scientific J. Flowers & Ornamental Plants, 9(4):319-341 (2022)

Biol. Plants, 20(3):279-285. Van Doorn, W.G. (1998). Effects of daffodil
https://doi.org/10.1007/s12298-014-0237-3 flowers on the water relations and vase
Solgi, M.; Kafi, M.; Sadat Taghavi, S.T; life 'Of roses and tulips. J. Am. Soc.
Naderi, R.; Eyre, J.X. and Joyce, D.C. Hortic. Sci., 123(1):146-149.
(2011). Effects of silver nanoparticles Van Meeteren, U. (1978). Water relations
(SNP) on Gerbera jamesonii cut flowers. and keeping quality of cut Gerbera
Int. J. Postharvest Technol. Innovation, flowers, 1. The cause of stem break. Sci.
2(3):274-285. Hortic. 8:65-74.
gttps.//dm.org/10.1504/|JPTI.2011.04332 Van Meetern, U.: Van Iberen, W.: Nijsse, J.
and Keijzer, K. (2001). Processes and
Steinitz, B. (1983). The influence of sucrose xylem antimicrobial properties involved
and silver ions on dry weight, fiber and in dehydration dynamics of cut flowers.
lignin contents, and stability of cut Acta Hortic., 543:207-211.

gerbera  flower stalks. Gartenbau-
wissenschaft, 48:67-71.

L) ciliy g Adaleal) 1 sadl g 380 S5 A sUad¥) o day p&8 9 Ao ol gaed il )2
Fe 3N ey g Ay sl
Tauld 0 S 3 gana Sl dhaiassaale Fo g8l (lias y Janaile
an e )3l Ggandl 38 se el G dgrae ¢ Gilandl G s A 51 Sl & e o
e b peaiall daala el )0 &S ALyl 5 geadd) and

leh i caliandl amy Lo Ala ye JYA 1 m el a5l Calial (amy Hla 5 JSUEe aal (e Slad) S 3ind) olins)

A i) Aadll iy Aleld apil Canall 138 ) ja) @ Ay el Lgiad (e o) 8 48 skl a3V see (e JISS

dllaas Jilaale Yoo 58 50 Glila (9SS 5 pma-A sl/de Y 5S4 S5l Cuds slfeale & 58S

sl ol 5b elindy) S 8 hadall elally 45 il o JlaaS jil/aale Yoo 58 5 4 3 ducadll il S g oS

¥ Ll ) il clal | (eliaadl dpabia Cilia) ST e Lad ) Wisa Caia | el s (i Caia

& DoY) i gal Ale I Al g Jadall Jslaay L S aae Jli 5 eliadY) als 8 e Uy Al il

e (e lli LS bl CliMall (po vinen 5 S IS slisdy) pals ) A gl ilaale 4 e (s siny Jslaa

IS5 5 AY) COllaally 43ee a3V jee Ay Guialll (e dadije dsie dpd o cidaila 5 L S

o) Cieie B yilanle 458 5 b Gl dlebeal) o eliasY) Adlaial g il 6 el el i @ ekl

35l a3 (e SIS A Aile sl A1 o a5 Lapdiil ol LA 58 pall LAY s 5l o il e culiila 5 de 5Y)

0alis J Y sae Al 5 30 gl et & jie S Cuyy e i 38 A gl o ) gl <Lt ) el
Jomall s ol 8 sliasy)

341





