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ABSTRACT

Postharvest senescence is a critical problem of carnation cut flowers, limiting their transportation and
subsequent marketing chain. This study was designed to assess whether the application of 1-methylcyclo-
propene (1-MCP), silver nanoparticles (AgNPs), and nitric oxide (NO) released from donor sodium nitro-
prusside (SNP) could prolong the vase life of cut carnations through an influence on the physiological and
biochemical mechanisms involved in aging process. 1-MCP was used in the concentrations of 0, 100, 200,
and 300 mg-m3; AgNPs in the concentrations of 0, 50, 100, and 150 mg-dm3; and SNP in the concentrations
0f0,0.1,0.2,0.3,and 0.4 mM. All treatments significantly extended the cut flower life compared with untreated
flowers, more so with 300 mg-m of 1-MCP, 100 mg-dm- of AgNPs, or 0.3 mM of SNP. All these chemical
compounds were able to considerably improve the relative water content (RWC), reduce the malondialdehyde
(MDA) content and increase the membrane stability index (MSI) in petals and, therefore, maintain the membrane
integrity. In addition, they decreased the activities of acetyl-CoA synthetase (ACS) and nitric oxide synthase
(NOS) and, hence, depressed the production of ethylene in carnation cut flowers through downregulating
the ethylene production, what prolonged the vase life. Altogether, the application of exogenous 1-MCP, AgNPs,
or SNP may provide a promising avenue to improve the postharvest performance of carnation cut flowers.
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INTRODUCTION

The major factor that limits the marketing of
various cut flower species is postharvest senescence;
therefore, considerable attention has been dedicated
to introduce modern postharvest treatments for ex-
tending the period of marketing (Bowyer et al. 2003).
Providing valuable information for floriculture in-
dustry that allows the consumers to obtain attractive
flowers with higher longevity is an important goal of
researchers who work for the postharvest of cut flow-
ers (Hassan & Ali 2014). Hence, delaying and con-
trolling the postharvest senescence is a sensible fac-
tor for enhancing the flower quality and longevity
that lead to acquire high benefit (Hassan & Schmidt
2004; Terék et al. 2010). However, some missing in-
formation has to be appropriately achieved to intro-
duce it as a deputy model for cut flower senescence.
Although there are various treatments for extending
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the cut flower life, the flower senescence process is
still not fully understood (In et al. 2013).

Carnation is one of the most economically im-
portant cut flowers that plays an important role in the
florist trade (Chang-li et al. 2011); however, the ma-
jor limitation of marketing cut carnations is posthar-
vest senescence (Song et al. 2014). It is well known
that the sensitivity of carnation flowers to ethylene is
high and its production is highly increased in flowers
through senescence (Onozaki et al. 2004). As carna-
tion flower senescence was delayed by the applica-
tion of ethylene inhibitors, the regulation of senes-
cence by endogenous ethylene suppression was sug-
gested. Pun et al. (2014) reported that the increase in
carnation vase life is ascribed to the suppression of
ethylene biosynthesis caused by the inhibition of
transcription of two enzymes: 1-aminocyclopropane-
1-carboxylate oxidase (ACO) and l-aminocyclo-
propane-1-carboxylase synthase (ACS).
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Several aspects of growth and progression, in-
cluding flower senescence, are adjusted by ethylene
(Reid & Wu 1992). Some deleterious effects of ex-
posure to ethylene, including leaf yellowing, flower
(or petal) drop, irregular opening and premature
death, were observed (Nowak & Rudnicki 1990).
Therefore, to develop postharvest treatments lead-
ing to the suppression of ethylene production and,
hence, extending the flower vase life, it is important
to understand the postharvest physiology of cut
flowers. Although silver thiosulfate (STS) is the
best weapon against ethylene, which suppresses the
production of endogenous ethylene and, hence, de-
lays ethylene-sensitive cut flowers senescence (van
Doorn et al. 1991), there are some restrictions on the
commercial use of STS because of environmental
toxicity of heavy metal (Cross 1996). 1-Methylcy-
clopropene (1-MCP) is a non-toxic ethylene action
inhibitor that binds to competitive ethylene receptor
(Sisler et al. 1996). Hence, it was found that 1-MCP
works effectively in many cut flowers to prolong
their postharvest longevity, including carnations,
(Sisler et al. 1996; In et al. 2013), gladiolus (Hassan
& Ali 2014), and rose (Liao et al. 2013). There are
some reports about the effect of 1-MCP on carnation
focused on ethylene synthesis and production. How-
ever, reports concerning the changes in biochemical
and physiological attributes of carnation cut flowers
because of the application of 1-MCP remain limited.

Recently, nanotechnology is vastly used in ag-
riculture to improve the production and reduce post-
harvest wastage (Mousavi & Rezaei 2011). Silver
nanoparticles (AgNPs) are widely studied nano-
materials, which fascinate researchers because of
their unique optical, catalytic, antimicrobial and
sensing properties (Sharma et al. 2014). Several au-
thors reported an extension in vase life of cut car-
nations (Naing et al. 2017; Park et al. 2017; Liu et
al. 2018) and other cut flowers (Kim et al. 2005;
Hassan et al. 2014; Li et al. 2017) because of the
application of AgNPs. However, AgNP treatments
were suggested as a biocide rather than an ethylene
inhibitor. Therefore, more information is still re-
quired on the possible physiological and biochemical
mechanisms of AgNPs in improving the longevity
of cut carnations.

Nitric oxide (NO) was first noticed in plants by
Leshem and Haramaty (1996), and subsequent stud-
ies linked its occurrence to a wide range of physio-
logical processes such as vegetative stress and endog-
enous ethylene modulation (Leshem & Pinchasov
2000), water loss (Ku et al. 2000), and chlorophyll
synthesis (Giba et al. 1998). In recent studies, the role
of NO in agricultural production, including improving
the quality of horticultural products, has gained more
attention. NO is considered as a growth-regulating
operator that delays senescence through down con-
trolling ethylene emission (Leshem & Wills 1998).
On the other hand, reports concerning further details
about the relation between NO and ethylene during
the senescence of cut flowers remain limited. Sodium
nitroprusside (SNP) as NO donor was used for im-
proving the longevity of several cut flowers, such as
carnation (Chang-li et al. 2011), chrysanthemum
(Mansouri 2012), gerbera (Shabanian et al. 2018), and
rose (Liao et al. 2013; Deng et al. 2019). Although
Badiyan et al. (2004) suggested that NO appears to
have widespread applicability to postharvest technol-
ogy of flowers and offers a simple technology to pro-
long vase life, the precise function of NO in retarding
the senescence in cut flowers is still exactly unknown.
In addition, the information about the response of
physiological and biochemical processes resulted
from exogenous application of NO during the vase
life of cut flowers is required. Therefore, the aim of
this study was to estimate the optimum levels of
1-MCP, AgNPs, and SNP for maximizing the longevity
of cut carnations and to investigate the possible phys-
iological and biochemical mechanisms of senescence
connected with the use of above chemical products.

MATERIALS AND METHODS

Plant materials

Dianthus caryophyllus ‘Barbara’ was used in these
experiments. The flowers were obtained from
a greenhouse of commercial grower in a stage when
the outer petals became perpendicular to the stem
axis. The flowers were immediately placed in buck-
ets contained tap water and directly transported to
the laboratory where flower stems were re-cut under
distilled water to a 40-cm length and treated with 1-
MCP, AgNPs, and NO.
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Searching for optimal concentration (Exp. 1)
1-MCP was diluted in distilled water according to
manufacturer’s instructions (Ethyl Block, Rohm and
Haas Italy, Inc.). In each treatment, carnation flow-
ers were placed in a sealed container in a solution of
1-MCP at the concentrations of 0, 100, 200, and
300 mg-m for 6 h and incubated at 15 °C. After the
treatments, flowers were aerated. AgNP (Shanghai
Huzheng Nano Technology Co. Ltd., China) was dis-
solved in double distilled water and applied in con-
centrations of 0, 50, 100, and 150 mg-dm™. SNP was
used as NO donor in the concentrations of 0, 0.1, 0.2,
0.3, and 0.4 mM. In the solutions of these prepara-
tions, the ends of the shoots stayed for 24 hours. After
the treatment, flowers were transferred into conical
flasks with distilled water to evaluate the flower lon-
gevity. Plastic film was used to cover the mouths of
conical flasks of evaluated flowers to reduce evapo-
ration and prohibit contamination (Li et al. 2012).
Vase life evaluation

Cut carnations longevity was evaluated at 20 °C +
2 °C at a relative humidity of 65% = 5% and 12-h
photoperiod with 10-12 umol-m?-s? irradiance
from cool-white fluorescence lamps. The cut flow-
ers were assessed daily through the whole period.
Vase life was defined as the number of days from
the beginning of the experiment to the time when
50% of flowers wilted or lost a decorative value.
Five replicates of five flowers each were used for
each treatment.

Evaluation of the physio-biochemical responses of
cut carnations to 1-MCP, AgNPs, and NO (Exp. 2)
This experiment was designed based on the data ob-
tained from the first experiment using most effec-
tive concentrations.

Relative water content

Petal relative water content (RWC) was assessed as
reported by Weatherley (1950) using the following
formula: (Weesh — Wary)/(Whurgia — Wary) x 100,
where Wiesh is the sample fresh weight, Wiurgid IS the
sample turgid weight after being saturated with dis-
tilled water for 24 h at 4 °C and Wary is the weight
of samples oven dried at 70 °C for 48 h. Petal sam-
ples were collected on days 0, 1, 2, 4, 6, and 8 from
the beginning of the experiment.

Petal lipid peroxidation

Lipid peroxidation levels in tissues were assessed
spectrophotometrically (Pharmacia, LKB-Novaspec I1)

by malondialdehyde (MDA) determination as de-
scribed by Hodges et al. (1999) at days 0, 1, 2, 4, 6
and 8. MDA levels were estimated using the follow-
ing formula: MDA content = 6.45 x (As32 — Asoo) —
0.56 x Auso, Where Asso, Assz, and Asoo are the ab-
sorbance at 450, 532, and 600 nm, respectively, and
were expressed in pmol-ml.,

Membrane stability index

lons leakage of petal samples taken on days 0, 1, 2, 4,
6 and 8 were determined using the method of Sairam
etal. (1997). Briefly, two samples (0.2 g) were placed
in 20 ml of double distilled water in two different
50-ml flasks. The first one (C1) was kept at 40 °C for
30 min, whereas the second (C;) was kept at 100 °C
in boiling water bath for 15 min. The electric con-
ductivity was measured with a conductivity meter
(Jenway 3540). The ions leakage was expressed as
the membrane stability index (MSI) as given in the
following formula: MSI = [1 — (C1/Cy)] x 100.
Determination of ethylene concentration

Flower samples were placed and sealed in 100-ml
air tight glass vessels fitted with gas sampling ports.
The vessels were kept at 20 °C and at 60-70% RH
for 2 h. Gas samples (1 ml) were withdrawn from
the headspace of vessels for the evaluation of eth-
ylene. Samples were collected on days 0, 1, 2, 4, 6,
and 8. Gas chromatography was used according to
Heiser et al. (1998) and the previously mentioned
method of Hassan and Mahfouz (2012) using a Var-
ian GC CP-3800 and MS Saturn 2200. The values
of ethylene were recorded as nl-g* FW h™.

Petal ACS and NOS activities

For the analysis of 1-aminocyclopropane-1-carbox-
ylic acid synthase (ACS), petals (0.5 g) were ex-
tracted as described by Ichimura et al. (2009). The
activity of ACS was assessed by incubating a stand-
ard reaction mixture containing 0.4 ml of enzyme
preparation and 0.1 ml each of 4 mM HEPES-KOH
(pH 8.5), 0.3 mM S-adenosylmethionine, and
0.4 uM pyridoxal 5-phosphate at 30 °C for 30 min
and the reaction was stopped by adding 0.1 ml of
20 mM HgCl,. The activity of ACS was measured as
nmol-g* FW h. The activity of NOS was evaluated
according to Murphy and Noack (1994) with some
modifications. Fresh petal samples (2 g) were ho-
mogenized in 5 ml of homogenization buffer (50 mM
triethanolamine hydrochloride, pH 7.5, containing
0.5 mM ethylenediaminetetraacetic acid (EDTA),
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1 uM leupeptin, 1 uM pepstatin, 7 mM of glutathi-
one, and 0.2 mM phenylethylsulfonyl fluoride). Af-
ter centrifugation at 10,000 x g for 20 min, the su-
pernatant was collected and re-centrifuged at
100,000 = g for 45 min at 4 °C. NOS activity in the
supernatant was assessed by a hemoglobin assay
and expressed as pmol-min?t ug? protein.

The experimental design and statistical analysis
Treatments were arranged in a complete random-
ized design with five replicates with five flowers
each. The experiment was repeated three times dur-
ing March to May 2017, and the results were pooled
(n = 15). The ANOVA was performed, and the re-
sults were analyzed using SPSS 13.3 program, and
means were compared by Tukey—Kramer's multiple
range test at p = 0.05.

RESULTS

Flower longevity

All applied chemicals significantly enhanced the
longevity of carnation flowers relative to untreated
control (Table 1, Fig. 1). Using 1-MCP, the longest

vase life was recorded by applying 200 mg-m,
what was about 2 times higher than in the control.
The vase life was significantly extended because of
AgNP treatments in comparison with the control.
The longest life was obtained using the moderate
level (100 mg-dm™) that increased the vase life by
1.8-fold compared with the control. SNP concentra-
tion of 0.3 mM maximized the flower life that was
2.3-fold of untreated flowers (Table 1).

Relative water content

The RWC of carnation petals treated with 1-MCP,
AgNPs, and SNP is shown in Fig. 2. All treatments
significantly enhanced RWC relative to the untreated
flowers, especially from day 2. The RWC of all treat-
ments resulted in the trend toward increasing till day
4 and in the treatments with 1-MCP and SNP further
increased till day 6 but then decreased. However, in
flowers treated with AgNPs and untreated flowers,
the RWC increased till day 4 and then sharply de-
creased, especially in control. The maximum RWC
was recorded by the application of SNP followed by
1-MCP without significant differences (p < 0.05) but
still higher than AgNPs over the vase life period.

Table 1. Longevity of carnation cut flowers pretreated with 1-methylcyclopropene (1-MCP), silver nanoparticle
(AgNP), and sodium nitroprusside (SNP). Data are means + SE (n = 15). Values with different letters are statistically
significant according to Tukey-Kramer’s multiple range test at 0.05 level

1-MCP Vase life (days) and AgNPs Vase life (days) and SNP Vase life (days) and
treatments relative increment treatments relative increment relative increment
(mg-m?) (%) (mg-dm?) (%) (m\) (%)

Control 6.5+ 0.6d (100) Control 6.6 =0.9¢ (100) Control 6.8 +0.8d (100)
100 9.4+ 0.9¢ (145) 50 9.0+ 0.7b (135) 0.1 9.3 +0.6¢ (136)
200 13.1 £ 0.4a (203) 100 12.1 £ 1.1a(182) 0.2 12.1+0.9b (177)
300 11.9+ 0.5b (184) 150 11.5+0.8a (173) 0.3 15.9+ 1.3a(233)
0.4 14.2 +£0.9a (208)

Fig. 1. The impact of SNP (b), 1-MCP (c), and AgNPs (d) on the postharvest quality of cut carnation compared with the
control (a). Photo was taken at 6th day after treatment
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Lipid peroxidation (MDA content)

The content of MDA in untreated flowers showed
a considerable increase through the evaluation period
and recorded the highest value at day 4. However,
1-MCP, AgNP, and SNP treatments significantly re-
duced the MDA accumulation compared with un-
treated control (Fig. 3A). The largest MDA reduction
was observed in flowers treated with SNP in compar-
ison with 1-MCP and AgNP treatments. At day 4, the
reduction percentage in MDA concentration relative
to the control was 40.8%, 53.2%, and 58.7% by ap-
plying 1-MCP, AgNPs, and SNP, respectively.
Membrane stability index

The electrolyte leakage was measured in control and
treated flowers in order to assess the membrane sta-
bility of carnation petal tissues after harvest. The
MSI was found to be higher in flowers treated with
1-MCP, AgNPs, and SNP relative to the control
(Fig. 3B). All treatments considerably retained the
membrane stability; however, control flowers lost it
through the evaluation period. The highest MSI
(lowest electrolyte leakage) was observed when
SNP treatment was applied followed by AgNPs and
1-MCP. After day 4, the differences between AgNP
and 1-MCP treatments were significant (p < 0.05).
1-MCP, AgNP, and SNP treatments could signifi-
cantly increase the MSI by 23.4%, 26.5%, and 28.7%
on day 4, respectively, compared with the control.
Ethylene production

To illustrate the relationship between carnation
flower senescence and ethylene biosynthesis, eth-
ylene production was determined. Ethylene produc-
tion in control flowers dramatically increased to day
6 and then decreased sharply (Fig. 4). Otherwise,
a significant reduction (p < 0.05) in ethylene pro-
duction was observed by the application of 1-MCP,
AgNPs, and SNP compared with untreated flowers
during the evaluation period (Fig. 4). All treatments
minimized the ethylene peak value to day 6, being
significantly lower (p < 0.05) than that of the con-
trol. The lowest ethylene production was detected in
flowers treated with AgNPs.

ACS enzyme activity

The effects of application of 1-MCP, AgNPs, and
SNP on the activity of ACS were analyzed in order
to understand and explain the relation between car-
nation senescence and ethylene biosynthesis.

= % = Control 1-MCP

’\5 —— AgNPS eessxeess SNP
< 100
5
= 95
8
= 90
a
g g
(5]
2 80
s
g 715

70

0 1 2 4 6 8
Days after harvest

Fig. 2. Effects of 1-methylcyclopropene (1-MCP) at 200 mg-m, sil-
ver nanoparticles (AgNPs) at 100 mg-dm™ and sodium
nitroprusside (SNP) at 0.3 mM on relative water content (in %)
of carnation cut flowers over vase life period. Values are
means + SE (n= 15). Letters represent statistical differences
among treatments at each vase life day at 5% probability.
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Fig. 3. Effects of 1-methylcyclopropene (1-MCP) at
200 mg-m®, silver nanoparticles (AgNPs) at 100 mg-dm
and sodium nitroprusside (SNP) at 0.3 mM on MDA con-
tent (umol-mlt) and MSI (%) of carnation cut flowers
over vase life period. Values are means £ SE (n = 15).
Letters represent statistical differences among treatments
at each vase life day at 5% probability.
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Fig. 4. Effects of 1-methylcyclopropene (1-MCP) at
200 mg-m3, silver nanoparticles (AgNPs) at 100 mg-dm
and sodium nitroprusside (SNP) at 0.3 mM on ethylene
production (nl-g* FW-h) of carnation cut flowers over
vase life period. Values are means = SE (n = 15). Letters
represent statistical differences among treatments at each
life day at 5% probability.
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Fig. 5. Effects of 1-methylcyclopropene (1-MCP) at 200 mg-m,
silver nanoparticles (AgNPs) at 100 mg-dm™ and so-
dium nitroprusside (SNP) at 0.3 mM on ACS activity
(nmol-g* FW-h'!) and NOS activity (pmol-min?-pg? protein)
of carnation cut flowers over vase life period. Values are
means + SE (n = 15). Letters represent statistical differences
among treatments at each vase life day at 5% probability.

As presented in Fig. 5A, a sharp increase in the
activity of ACS was recorded in untreated flowers
and reached the peak value on day 6 and decreased
thereafter. However, flowers treated with 1-MCP,
AgNPs, or SNP recorded significantly lower activi-
ties of ACS relative to the untreated flowers during
the assessment period.

NOS enzyme activity

A continuous decrease in the activity of NOS was
detected in treated and untreated flowers at the be-
ginning of the assessment period till day 6 and then
increased. This reduction was significantly higher
in flowers treated with 1-MCP, AgNPs, and SNP
compared with the control (Fig. 5B). During the first
2 days, a sharp decrease was observed because of
the application of AgNPs and SNP, which was sig-
nificant compared with the control or 1-MCP treat-
ment. Otherwise, from day 4, the differences among
1-MCP, AgNP, and SNP treatments were insignifi-
cant, while still significant relative to the control.

DISCUSSION

The cut flower senescence is generally contin-
uous and rapid process leading to limiting shelf life.
Therefore, in order to gain commercial benefits, the
utmost important issue is how to delay the senes-
cence after harvest. One of the important factors that
adversely affect the longevity of the cut flower is
phytohormone ethylene that may be implicated in
flower senescence, assorting senescence pathways
and controlling floral abscission (Shahri & Tahir
2011). The results obtained from the current study
clearly show the importance of 1-MCP, AgNPs, and
SNP in increasing the longevity of cut carnations by
delaying the petal curling during the assessment pe-
riod. The untreated flowers lost the market value af-
ter 6 days; however, flowers treated with 1-MCP,
AgNPs, and SNP lost it after 13, 12, and 15 days,
respectively, because of dehydration of flower mar-
gins and appearance of browning. Sisler et al. (1996)
reported that 1-MCP is an ethylene action inhibitor
that acts competitively and irreversibly in blocking
the ethylene receptor and, hence, inhibits the flower
senescence. Prolonging the cut flower life as a result
of the application of 1-MCP has been documented
(Inetal. 2013; Liao et al. 2013; Hassan & Ali 2014).
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As reported, the application of AgNPs caused
ethylene inhibition (Kim et al. 2005). In our experi-
ment, AgNP treatment significantly extended the
carnation vase life relative to the control. These re-
sults are in accordance with the reports of Rafi and
Ramezanian (2013) and Hassan et al. (2014) on cut
roses. In our study, SNP that was used as the source
of NO also extended carnation vase life compared
with untreated flowers. NO considerably extends
the cut flowers life by inhibiting the ethylene emis-
sion, suggesting that NO might play important func-
tions in senescence regulation process (Leshem &
Wills 1998). In addition, Liao et al. (2013) concluded
that NO might perform as a signal molecule in cut
rose senescence stimulated by ethylene. Our data
support the previous findings of Zeng et al. (2011) on
carnation and Mansouri (2012) on chrysanthemum.

The current results show that prolonging the
flower vase life was correlated with increasing the
RWC in petals that was significantly improved be-
cause of all three treatments compared with un-
treated control. Indeed, reverse water relation led to
petal wilting and terminated the cut flower life (Has-
san & Schmidt 2004; Hassan et al. 2014). Carnation
flowers treated with 1-MCP maintained the RWC
significantly higher relative to the untreated flow-
ers; therefore, this treatment may increase the up-
take or maintain the water in flowers. Such an in-
crease in RWC as a result of 1-MCP has been ob-
served by Hassan and Ali (2014). The increase in
RWC because of the AgNP treatment may be as-
cribed to the repression of stomatal aperture and
conductance, hence, maintaining the water balance
(Rafi & Ramezanian 2013; Hassan et al. 2014). The
application of SNP increased the RWC of cut car-
nations as well. Zeng et al. (2011) who worked on
carnation and Mansouri (2012) on chrysanthemum
reported an increase in the fresh mass of cut flowers
because of balanced water metabolism connected
with the increased ability to water uptake.

In view of our results, the flower senescence in car-
nation may be regulated by 1-MCP, AgNPs, or SNP
that resulted in maintaining the membrane stability and
reducing lipid peroxidation. During the flower vase
life, 1-MCP, AgNP, and SNP treatments increased
the MSI and reduced the accumulation of MDA

compared with untreated flowers (Hassan & Fetouh
2019; Hassan et al. 2020). The lipid peroxidation re-
duction and maintenance of the membrane stability
have been elucidated to be reversely proportional
with cut flower senescence (Hassan & Ali 2014; Ali
et al. 2018). Therefore, our results suggested the
participation of lipid peroxidation reduction in in-
creasing the MSI in cut carnations because of the
application of 1-MCP, AgNPs, and SNP. Mitigation
of cut flower senescence by reducing lipid peroxi-
dation has been documented in response to the treat-
ments of 1-MCP (Hassan & Ali 2014), AgNPs
(Hassan et al. 2014), and NO (Zeng et al. 2011,
Mansouri 2012; Shabanian et al. 2018). In addition,
it was found that SNP treatment may directly pro-
tects the membranes and lipoproteins from oxida-
tion, mainly by interacting with lipid peroxyl radi-
cals, or indirectly by the inhibiting the activity of
lipoxygenase (Beligni et al. 2002).

The production of ethylene by carnation flowers
was significantly reduced when flowers were treated
with 1-MCP, AgNPs, or SNP in comparison with un-
treated control. Our results were in accordance with
In et al. (2013), Liao et al. (2013), and Hassan and
Ali (2014). Recently, considerable interest has been
driven towards NO because it has a critical role in
both plant growth and development as a signal mole-
cule (Corpas et al. 2006). Interestingly, NO action
could considerably inhibit the ethylene emission and
consequently extend the shelf life of flowers and
fruits (Leshem & Wills 1998). Moreover, NO might
delay the flower senescence by reducing the eth-
ylene production through suppressing the activity of
ACC synthase, and decreasing the ACC content
(Zhu & Zhou 2007). There is evidence that NO sig-
nificantly and reversibly inhibits cytochrome oxi-
dase and inhibits both the cell respiration and eth-
ylene accumulation (Zottini et al. 2002). These re-
sults further confirmed the other reports of Liao et
al. (2013) and Zeng et al. (2011) who concluded
that NO reduced the ethylene production by cut
flowers. Otherwise, decreasing ethylene production
by 1-MCP, AgNPs, and SNP in our study may ex-
plain the increase in flower life after treatment,
suggesting that NO might have substantial roles in
controlling the flower senescence in cut carnations.
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This study also showed that carnation flowers
treated with 1-MCP, AgNPs, or SNP resulted in
lower activities of ACS and NOS compared with
untreated control what suggests that the decrease in
ethylene production is caused by the suppression of
the activity of ACS. Eum et al. (2009) observed that
the application of NO delayed the senescence of
postharvest in some horticultural products through
inhibiting both ethylene sensitivity and its produc-
tion. Moreover, Mortazavi et al. (2011) reported that
the ethylene output was decreased in cut roses
treated with NO by inhibiting the activity of ACS
and decreasing ACC content. The inhibition of ACS
has been found to be an evidence to explain the
mode of action of NO (Zaharah & Singh 2011).

In control flowers, the higher activity of NOS
in day 8 may be ascribed to the reduction in ethylene
produced by flowers in that day, which is caused by
the inhibition in ACS observed in the same day. Our
findings proposed that retarding the cut carnation
senescence as a result of the presence of NO is
caused in part by reducing the activity of ACS and,
hence, ethylene production. The current findings are
consistent with others of Liao et al. (2013) who
found that cut roses treated with NO exhibited the
lower level of ACC activity that led to the reduction
of ethylene production. On the basis of our results,
1-MCP and AgNP treatments also reduced the ac-
tivity of NOS and ACS and consequently decreased
the ethylene production, prolonging carnation vase
life through downregulating the production of eth-
ylene. To our knowledge, the relation between
AgNPs and the activity of NOS suggested in this
study is a novel. Our results revealed that 1-MCP,
AgNPs, or NO may impair ethylene signaling levels
during carnation cut flower senescence.

In conclusion, the application of 1-MCP,
AgNPs, or SNP considerably increased carnation
‘Barbara’ vase life. All treatments reduced lipid pe-
roxidation, hence, maintained the cell membrane in-
tegrity that is associated with the vase life extension.
Suppressing the activities of ACS and NOS in
treated flowers resulted in decreasing ethylene pro-
duction, which is an important factor in retarding se-
nescence of sensitive flowers such as carnation.
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