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Queen’ during vase life
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Abstract

Cut flowers deteriorate rapidly after harvest, lasting mere days. To extend their vase life, various postharvest
techniques are employed. Due to limited knowledge about the postharvest physiology of Alstroemeria cut flowers
and the specific role of secondary compounds and antioxidant systems in their protection, this study investigated
the optimal dosage of sodium nitroprusside (SNP) as a nitric oxide (NO) donor to enhance quality and antioxidant
defenses. Preharvest foliar application of SNP at 0, 50, 100, and 200 uM followed by short-term pulsing treatments
upon harvest at the same concentrations were applied in a factorial design. Results revealed that a preharvest 100
UM SNP treatment combined with a 50 uM postharvest pulse significantly increased the total amount of phenols

(over 20%), antioxidant capacity (more than doubled), and the activity of two antioxidant enzymes (ascorbate
peroxidase by over 35% and guaiacol peroxidase by about 20%). Notably, this combination also diminished ion
leakage (by about 20%), ultimately extending the vase life by more than 40% compared to untreated plants.
Therefore, SNP application at these specific dosages proves effective in bolstering Alstroemeria cut flower quality
and vase life through enhanced total phenols and a strengthened antioxidant system.
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Introduction

Alstroemerias, prized for their captivating beauty and
diverse blooms, hold a significant presence in the global
cut flower market [1]. Among ornamental plants, both
as cut flowers and potted specimens, alstroemerias reign
near the top. They boast a spectrum of vibrant colors,
from sunshine yellows and soft pinks to fiery oranges,
pristine whites, and captivating purples [2]. Alstroemeria
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aurea, a native of Chile and Argentina, exemplifies this
splendor, gracing with its hardy yellow or yellowish-
orange petals adorned with charming brown speckles [3].

The primary challenge in the cut flower industry, spe-
cifically in the postharvest phase, is the short vase life of
flowers. This issue, along with early leaf yellowing and
perianth abscission, significantly diminishes the eco-
nomic value of flowers due to their accelerated senes-
cence [4].

Various factors contribute to the short vase life of cut
alstroemerias, including genotype, environmental condi-
tions, oxidative stress, microorganisms, and sensitivity to
ethylene. Oxidative stress, in particular, is a major factor
that can lead to premature senescence and reduced vase
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life [4]. Phenolic compounds are secondary metabolites
that have antioxidant properties. They can help to protect
plants from oxidative stress and extend vase life [5].

Nitric oxide (NO), a crucial signaling molecule in both
plants and animals, emerges as another promising ally.
In plants, NO plays a vital role in various developmen-
tal stages and physiological processes, from orchestrat-
ing pollination and pollen tube growth to influencing
seed germination, root development, and even regulating
stomatal opening [6]. Beyond its inherent benefits, NO
boasts environmental friendliness, making it an attrac-
tive tool for extending the postharvest life of diverse hor-
ticultural crops. Its protective abilities extend beyond
senescence control, influencing processes like photosyn-
thesis, pigment synthesis, and defense systems [7]. Nota-
bly, NO’s antagonistic relationship with ethylene makes
it even more valuable. By reducing ethylene synthesis
and activity, NO effectively combats premature aging in
plants, evident in the delayed yellowing of leaves. Sodium
nitroprusside (SNP), a widely used NO-releasing com-
pound, has demonstrated its effectiveness in promoting
longevity in cut flowers of various species [4].

Several studies have explored SNP’s potential in orna-
mental plants, highlighting its positive impact on qual-
ity and vase life. The potential benefits of SNP treatment
include: Increased flower production, improved flower
quality and prolonged vase life [9]. Previous research
on gerbera cultivars revealed NO’s influence on mul-
tiple aspects, including extending vase life, enhancing
the activity of antioxidant enzymes, and reducing stem
neck issues [8]. Studies further demonstrate how SNP
promotes the synthesis of beneficial compounds like
total phenols and flavonoids, while simultaneously sup-
pressing the activity of enzymes that degrade them [7].
This fortified antioxidant arsenal effectively combats the
damaging effects of oxidative stress, leading to improved
postharvest performance. Additionally, SNP treatment at
optimal concentrations has been shown to maintain pro-
tein content in various cut flowers like rose (Rosa hybrida
L.), lisianthus (Eustoma grandiflorum) and sunflower
(Helianthus annuus L.), contributing to their extended
longevity [4].

Limited research exists on how sodium nitroprusside
(SNP) extends the vase life of cut flowers, particularly
Alstroemeria. Exploring SNP’s effects represents a crucial
area for the floriculture industry, potentially extending
the vase life and beauty of Alstroemeria blooms after har-
vest. SNP’s ability to influence plant responses and delay
senescence addresses a key need for sustainable and cost-
effective treatments. This research delves deeper, com-
paring the effectiveness of various SNP concentrations
and application methods (foliar application before har-
vest and pulse treatment after harvest) on Alstroemeria’s
physiological and biochemical parameters. It specifically
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focuses on understanding how these chemicals influence
petal senescence. The findings aim to significantly con-
tribute to developing more effective SNP treatments. By
understanding SNP’s influence on senescence, we may
be able to extend the ornamental value and marketability
of Alstroemeria flowers. This research holds significant
promise for both advancing our scientific understanding
of plant senescence and developing practical applications
for the floriculture industry. In essence, this investigation
focuses on mitigating postharvest senescence in Alstro-
emeria aurea cut flowers using SNP. The goal is to opti-
mize the SNP dosage for efficient marketing through the
development of compatible postharvest treatments.

Materials and methods
Plant materials and growing conditions

« Plants: Alstroemeria plants (Alstroemeria aurea)
cv. Orange Queen (Royal Van Zan Ten Netherlands)
were obtained from a commercial greenhouse.

+ Growing conditions: Plants were grown in plastic
pots with a diameter of 24 cm and a height of 19 cm.
The soilless growth medium consisted of perlite:
cocopeat (1:3 v/v). The day/night temperature of
the greenhouse was set at 18-21/10-12 °C, 10-12 h
of light duration, and 400—500 pmol/m?/s light
intensity.

Treatment with SNP

+ Pre-harvest application: Pre-harvest foliar spraying
was done at two-week intervals for four months (a
total of 8 times), starting about one month after the
plants were established in the greenhouse (about
20 cm height). The plants were sprayed with SNP
(Fluka company-Switzerland) at concentrations of 0,
50, 100, or 200 pM.

+ Post-harvest application: Two weeks after the last
spray, flowers were harvested at the bud stage, when
the main florets displayed initial color and were
nearing bloom. For the postharvest treatment, the
flowers underwent a 24-hour pulse treatment in the
lab after harvest. The cut flowers were harvested
early in the morning and immediately placed in
buckets containing tap water and transported
directly to the laboratory. The flower stems were
re-cut under water to a 40-cm length. The SNP
solution was prepared by dissolving sodium
nitroprusside powder (Fluka company-Switzerland)
in distilled water at concentrations of 50, 100, or 200
uM. The solution was used immediately due to its
short half-life. Four flower stems were placed in each
500 ml flask containing the treatment solution for
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24 h, allowing for uptake by the stems. Afterward,
the stems were transferred to vases filled with a
solution of distilled water and 4% sucrose, where
they remained until the end of their vase life.

+ Vase life conditions: Throughout the experiment,
the flowers were kept under controlled conditions:
a constant temperature of 22 °C+1 °C, relative
humidity around 70%, and a 12-hour light cycle
provided by fluorescent lamps with a light intensity
of 13 pmol/m?/s (Fig. 1).

Electrolyte leakage

Membrane stability of the petals was determined by mea-
suring their electrolyte leakage. Petal disks (0.2 g) were
washed in distilled water and incubated in 15 ml of dis-
tilled water at 40 °C for 30 min. The initial conductivity
(EC1) of the solution was measured. Subsequently, the
petal disks were boiled with the solution at 100 °C for
10 min, cooled to room temperature, and the final con-
ductivity (EC2) was measured again. Electrolyte leakage
(%) was calculated using the following formula [10]:

EL=(EC1/EC2) X100

Antioxidant capacity

Antioxidant activity was measured as the inhibition of
1,1-diphenyl-2-picrylhydrazyl hydrate (DPPH) radi-
cals according to Nakajima et al. [11]. Freshly prepared
petal extract (100 ul) was mixed with 1900 ul DPPH
and kept in the dark at room temperature for 30 min.
Absorbance was then measured at 517 nm. Inhibition
percentage, an indicator of antioxidant capacity, was
calculated as:

DPPH-scavenging effect (%)=Ac-As/Ac*100
Ac=Control absorption
As =Sample absorption
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Total phenol content

Total phenol content was determined using the method
of Marinova et al. [12] with sodium carbonate and
Folin-Ciocalteu reagent. Petal tissue was homogenized
in 85% methanol, centrifuged at 5000 X g for 5 min at
4 °C, and incubated at 20 °C for 30 min. Absorbance
was then measured at 750 nm. Total phenol concentra-
tion was expressed as milligrams of gallic acid equiva-
lents per gram of fresh petals.

Plant extract preparation for enzyme activity
measurement

The methods of Kang and Saltivite [13] were used
to prepare plant extracts for determining the activ-
ity of ascorbate peroxidase and guaiacol peroxidase
enzymes. Fresh petal tissue (0.5 g) was homogenized
in 3 ml of Tris buffer (pH 7.5) containing 0.5 M hydro-
chloric acid, 3 mM magnesium chloride, and 1 mM
EDTA. For ascorbate peroxidase activity measurement,
the extraction buffer also contained 0.2 mM ascor-
bate. The homogenate was centrifuged at 4000 rpm for
4 min at 4 °C. The resulting supernatant was used as
the crude extract for measuring antioxidant enzyme
activity.

Guaiacol peroxidase (GPX) activity

The reaction mixture contained 1 ml of 1% guaiacol,
1 ml of 1% hydrogen peroxide, 2.5 ml of 50 mM phos-
phate buffer (pH 5.7), and 0.1 ml of the crude extract.
Guaiacol peroxidase activity was determined by moni-
toring the increase in absorbance at 420 nm (A420) for
1 min using a spectrophotometer. The extinction coef-
ficient of 26.6 cm™ mM™! was used for activity calcula-
tions [14].

mM  do D/min (slope) x wvol.of assay

it
un Extinction coef ficient (26.6)

min

Fig. 1 Alstroemeria cut flowers treated with SNP
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Ascorbate peroxidase (APX) activity

Ascorbate peroxidase activity was measured using the
method of Nakano and Asada [15]. The reaction solution
contained 2.5 ml of 50 mM phosphate buffer (pH 7) with
0.1 mM EDTA, 1 mM sodium ascorbate, 0.2 ml (200 pl)
of 1% H,0,, and 0.1 ml (100 pl) of the crude extract.
Ascorbate peroxidase activity was assessed by measuring
the decrease in absorbance at 290 nm (A290) during one
minute using a spectrophotometer. The extinction coeffi-
cient of 2.8 mM™! cm™ was used for activity calculations.

" mM  do D/min (slope) x wvol.of assay
uni =
Extinction coef ficient (2.8)

min

Vase life

Vase life, a crucial factor for marketability, refers to the
duration cut flowers retain their commercial and aes-
thetic appeal. In this study, Alstroemeria vase life ended
when 50% of the leaves yellowed or 50% of the flowers
wilted and fell, aligning with established criteria [16, 17].
To monitor this, flower health was assessed daily based
on these same visual cues.

Statistical analysis of data and software used

This experiment was conducted using a factorial design
with three factors including pre-harvest foliar applica-
tion of SNP with 0, 50, 100 or 200 uM as a first factor,
post-harvest pulsing treatment of SNP with concentra-
tions of 0, 50, 100 or 200 uM as a second factor and times
of evaluation during vase life period (first, 5th and 12th
day) as a third factor. This experiment was done with four
replicates per treatment. Data were managed and ana-
lyzed using SAS version 9.2. Means were compared using
Tukey’s multiple range test at the 1% probability level.
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Results

Total phenol

The application of SNP, both pre- and post-harvest,
increased total phenol content in Alstroemeria cut flow-
ers. However, the amount of phenol decreased over time
for all treatments. Interestingly, the total phenol content
in petals did not differ significantly between pre-harvest
and post-harvest SNP application (Fig. 2). However, the
various SNP concentrations had varied effects. Concen-
trations of 50 and 100 uM SNP helped maintain total
phenol content throughout the observation period (three
sampling times) compared to the control group. Spe-
cifically, compared to the control, 100 uM SNP pre-har-
vest treatment and 50 pM SNP post-harvest treatment
increased total phenols by about 30%, 28%, and 70% on
the first, fifth, and tenth days, respectively (Fig. 2).

Antioxidant capacity

All SNP concentrations significantly boosted the anti-
oxidant capacity of Alstroemeria cut flowers. Notably, a
synergistic effect was observed when SNP was applied
both before and after harvest, leading to greater increases
compared to single applications. Higher SNP concentra-
tions were generally more effective. Pre-harvest applica-
tion of 100 and 200 pM SNP showed the most significant
improvement. Interestingly, all three concentrations (50,
100, and 200 pM) were effective in enhancing antioxi-
dant capacity when applied after harvest. For instance,
the combination of 200 uM SNP pre-harvest and 100
UM SNP post-harvest more than doubled the antioxidant
capacity at all three measured time points (days 0, 5, and
10) compared to the control group (Fig. 3).

Guaiacol peroxidase activity (GPX)

Similar to the observed antioxidant capacity, SNP appli-
cation synergistically increased GPX activity, regardless
of pre-harvest or post-harvest application. However, the
concentration of SNP mattered. While application tim-
ing didn't significantly affect GPX activity, different SNP
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Fig. 2 Effect of pre- and post-harvest application of SNP during vase life period on total phenol content of Alstroemeria flower ‘Orange Queen’ (pr: pre-

harvest application of SNP)
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Fig. 6 Effect of pre-and post-harvest application of SNP during vase life
period on electrolyte leakage rate of Alstroemeria ‘Orange Queen’(pr: pre-
harvest application of SNP)

concentrations had varying effects (Fig. 4). The most sig-
nificant increase in GPX activity (25%, 18%, and 19% at
days 0, 5, and 10, respectively) was achieved with a com-
bined treatment: 100 uM SNP pre-harvest and 50 uM
SNP post-harvest (Fig. 4).

Ascorbate peroxidase activity (APX)

SNP application influenced APX activity, but pre-harvest
vs. post-harvest application didn’t show a significant dif-
ference. Interestingly, APX activity increased naturally
over time. Additionally, SNP concentration played a role
(Fig. 5). The most pronounced increase in APX activity
was observed with the same combined treatment that
benefited GPX activity: 100 uM SNP pre-harvest and 50
UM SNP post-harvest. This treatment resulted in signifi-
cant increases of 53%, 35%, and 45% on days 0, 5, and 10,
respectively (Fig. 5).

Electrolyte leakage

As expected, ion leakage increased over time, with the
highest levels observed on day 10 (Fig. 6). SNP applica-
tion, both pre-harvest and post-harvest, effectively pre-
vented this rise in ion leakage. Interestingly, the timing
of SNP application (pre-harvest vs. post-harvest) didn’t
significantly impact the results. In both cases, SNP treat-
ment reduced ion leakage. However, the concentration
of SNP was crucial. Notably, 200 uM SNP was counter-
productive, actually increasing ion leakage to similar lev-
els as the control group without SNP. The most effective
treatment for reducing ion leakage was the combination
of 100 uM SNP pre-harvest and 50 uM SNP post-harvest.
This combination significantly reduced ion leakage by
1.43, 1.23, and 1.14 times on days 0, 5, and 10, respec-
tively, compared to the control.

Generally, in this experiment, treatment with 50 uM
SNP post-harvest and 100 uM SNP pre-harvest had the
best effects on physicochemical properties of alstroeme-
ria cut flowers (Fig. 7).
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Fig. 7 Effect of pre and postharvest application of SNP on alstroemeria’s cut flowers. (from left to right; control plant, SNP 100 uM pre + 50 pM post, SNP
100 uM pre+ 100 uM post, SNP 100 uM pre +200 uM post). (pre: preharvest; post: postharvest)
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Fig. 8 Effect of pre- and post-harvest application with different concen-
trations of SNP on vase life of Alstroemeria‘Orange Queen’ (pr: preharvest
application of SNP (uM). Different letters indicate statistically significant
differences between the treatments and control in (P<0.01)

Vase life

Sodium nitroprusside (SNP) application significantly
extended the vase life of Alstroemeria cut flowers.
Interestingly, the timing of application (pre-harvest vs.
post-harvest) did not significantly influence the results.
All three SNP concentrations tested were effective in
increasing vase life. The most successful treatment
involved a combination of 100 uM SNP pre-harvest and
50 uM SNP post-harvest, achieving a vase life of 16 days.
This represents a remarkable 44% increase compared to
the control group (Fig. 8).

Discussion
Total phenol
Figure 2 shows that pre- and post-harvest applica-
tion of SNP significantly increased phenolic content in
Alstroemeria petals. Phenolics, a diverse group of plant

compounds including flavonoids and anthocyanins, offer
broad benefits in food, medicine, and other industries
[18]. Their antioxidant and anti-inflammatory properties
are particularly valuable. Phenols combat free radicals
through various mechanisms, like scavenging them, con-
verting primary oxidation products, and chelating metals
[19, 20]. However, an enzyme called polyphenol oxidase
can degrade phenols, reducing their antioxidant power
and shortening the shelf life of fruits and flowers [21].
Interestingly, our study suggests that SNP might increase
phenol content by boosting phenylalanine ammonia-
lyase (PAL), the key enzyme in their biosynthesis, while
possibly suppressing polyphenol oxidase activity. This
aligns with research by Kazemzadeh Beneh et al. [22] in
gladiolus, Shabanian et al. [7] in gerbera and Ul-Haq in
Consolida [23] who found that SNP increased phenols
and reduced polyphenol oxidase activity in cut flowers
and lengthening their vase life. Notably, higher phenolic
content generally correlates with longer vase life.

Antioxidant enzymes activity and antioxidant capacity

Figures 3, 4 and 5 demonstrate that applying sodium
nitroprusside (SNP) pre- and post-harvest significantly
boosted both antioxidant capacity and enzyme activity in
Alstroemeria petals. In cut flowers, reactive oxygen spe-
cies (ROS) production is a major culprit behind damage,
altering membrane compounds and antioxidants [24].
Antioxidants delay oxidation by either initially inhibit-
ing or preventing excessive free radical formation during
reactions [25]. ROS accumulation in plants triggers a sec-
ondary stress called oxidative stress, which plants com-
bat through various mechanisms including their inherent
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antioxidant system [26]. This system comprises two path-
ways: enzymatic (e.g., superoxide dismutase, catalase,
ascorbate peroxidase) and non-enzymatic antioxidant
defenses within plant cells [27]. Nitric oxide acts as both
an antioxidant and inducer of antioxidant enzymes, effec-
tively reducing free radicals and delaying senescence [28].
This explains our findings — SNP likely boosted antioxi-
dant capacity and enzyme activity by both directly scav-
enging ROS and enhancing the plant’s own defenses. The
use of nitric oxide varies depending on the species, vari-
ety and concentration used, but it has been shown that
nitric oxide in low concentrations leads to the expression
of genes involved in the synthesis of protective enzymes
[29]. The increase of antioxidant enzymes such as ascor-
bate peroxidase and guaiacol peroxidase as well as the
increase of antioxidant capacity in the present study may
be due to the above reasons. Various studies have shown
that nitric oxide after reacting with reactive oxygen spe-
cies leads to the production of peroxynitrite and reduc-
ing the production of this ROS. When the pH is within
the physiological range, peroxynitrite production can dis-
sociate into a nitrate anion and a proton, or it can react
with a hydrogen peroxide radical, thereby reducing ROS
[29], which is probably the reason for the increase in anti-
oxidant capacity and activity of antioxidant enzymes in
the present study. In many similar studies, an increase in
the activity of antioxidant enzymes has been reported.
For example, Naing et al. [30] reported the positive effect
of nitric oxide on the activity of antioxidant enzymes on
gerbera cut flowers. In another study, Mittal and Shalini
[31] reported that the application of sodium nitroprus-
side on gladiolus flowers increases the activity of antioxi-
dant enzymes such as catalase and ascorbate peroxidase,
which is consistent with the results of the present study.
In the present study, it was shown that the use of high
concentrations (200 uM) of sodium nitroprusside (both
in pre- and post-harvest stages) decreases the activity
of antioxidant enzymes and antioxidant capacity; nitric
oxide in high concentrations appears to release cyanide
and toxicity in plants through reaction with superoxide
anion [28]. High concentrations of nitric oxide have now
emerged, with oxidative stress, as a major arbiter of plant
programmed cell death (PCD); however, both cytotoxic
and cytoprotecting/stimulating properties of NO have
been described in plants. High levels of NO are associ-
ated with cell death and DNA fragmentation in Taxus
cultures [32]. An increase in NO levels has also been
associated with the progression of natural senescence
and cytokinin-induced senescence [33], suggesting its
involvement in the modulation of these physiological
processes as well.
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lon leakage

The study further revealed that SNP reduced ion leak-
age rate, with the decrease trending upwards through-
out the vase life (Fig. 6). Ion leakage refers to cell wall
breakdown or the discharge and leakage of cell contents
into the extracellular environment. As senescence pro-
gresses, electrolyte leakage increases, alongside the activ-
ity of antioxidant enzymes like lipoxygenase. This leads
to cell membrane depletion and ion leakage, ultimately
shortening the flower’s vase life. Nitric oxide-releasing
compounds like SNP increase membrane permeability,
maintain solution pH [27], directly interact with lipid
peroxyl radicals, and indirectly inhibit lipoxygenase by
reducing Fe3* to Fe’* in its active site [4]. This disrupts
reactive oxygen species, maintaining membrane stability
and reducing ion leakage [27]. The rapid reaction of SNP
with alkoxy lipids and peroxide radicals is another mech-
anism for reducing ROS, preventing free radical release
and lipid oxidation [28, 34]. Many studies have shown
that SNP reduces ion leakage, leading to decreased
transpiration and increased stomata closure, ultimately
extending the flower’s vase life [35]. Our study confirms
this, showing that pre- and post-harvest SNP application
reduced ion leakage. Similarly, Abbasi et al. [36] reported
increased membrane stability and decreased ion leakage
in cut gerbera flowers treated with 100 pM SNP. Mousavi
et al. [37] also observed reduced ion leakage in Echina-
cea angustifolia under drought stress conditions thanks
to SNP application. Additionally, Mirzaei Esgandian and
Jabbarzadeh [38] reported reduced ion leakage in two
rose cultivars, Utopia and Dolce Vita, due to SNP appli-
cation. Nitric oxide’s dual function as a strong oxidant
or effective antioxidant primarily depends on its concen-
tration, environmental conditions, tissue and cell condi-
tions, and other hormone concentrations. Applying high
SNP concentrations disrupts normal plant metabolism
and damages membranes, proteins, and nucleic acids
[39]. This likely explains the observed increase in ion
leakage at high concentrations in our study.

Vase life

This study demonstrates that sodium nitroprusside (SNP)
treatment successfully extended the vase life of Alstro-
emeria cut flowers. A major challenge in post-harvest
storage of cut flowers is senescence, the aging process.
During senescence, the formation of reactive oxygen spe-
cies (ROS) causes oxidative damage, indicating the weak-
ening of the plant’s natural antioxidant defenses [40].
Aging in cut flower petals is also associated with water
imbalance and water loss, leading to wilting and reduced
marketability [41]. Our research found that applying
100 puM SNP pre-harvest and 50 pM SNP post-harvest
decreased water loss and ion leakage in Alstroemeria,
while simultaneously extending vase life. This suggests
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that maintaining water balance is crucial for extending
vase life and marketability. Previous research suggests
nitric oxide (released by SNP) delays senescence by scav-
enging ROS, reducing membrane damage, and promot-
ing the production of antioxidant enzymes [42]. Our
findings support this, as SNP application increased anti-
oxidant enzyme activity, antioxidant capacity, and ulti-
mately, vase life in Alstroemeria. These results align with
studies on gladiolus by Dwivedi et al. [27] and Kazemza-
deh-Beneh et al. [22].

Conclusion

This study explored the use of sodium nitroprusside
(SNP) to improve the quality of Alstroemeria cut flowers
after harvest. Our findings revealed that SNP application,
both before and after harvest, significantly increased
the total amount of phenols and reduced ion leakage
from the cells. These results suggest enhanced cell sta-
bility and reduced free radical activity, key indicators of
delayed senescence. The data further supports the notion
that SNP bolsters the flower’s antioxidant system. We
observed a significant increase in both overall antioxidant
capacity and the activity of specific antioxidant enzymes
within the Alstroemeria flowers treated with SNP. Nota-
bly, the most effective combination involved applying 100
uM SNP pre-harvest followed by 50 uM SNP post-har-
vest. These findings strongly suggest that SNP has prom-
ising potential as a novel treatment to extend the vase life
of cut flowers. Further research is necessary to refine the
optimal concentration and application methods of SNP
for achieving maximum effectiveness.

Abbreviations
SNP Sodium nitroprusside
NO Nitric Oxide

EL Electrolyte Leakage
DPPH  1,1-diphenyl-2-picrylhydrazyl hydrate
GPX Guaiacol peroxidase

APX Ascorbate peroxidase

Acknowledgements

The authors of this article would like to thank all the staff of Horticultural
Science Department of Urmia University, Faculty of Agriculture, and special
thanks to the staff of Varamin Greenhouse for their help in preparing
Alstroemeria plant.

Author contributions

Soheila Sadeghi and Zohreh Jabbarzadeh, conceived and designed the
experiments, wrote, edited, andanalyzed the data and conducted the
experiments. All authors have read the paper and have approved the
finalmanuscript.

Funding
No funding was received for this work

Data availability
The datasets used in this paper are available from the first author on
reasonable request.

Page 8 of 9

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 11 March 2024 / Accepted: 8 July 2024
Published online: 17 July 2024

References

1. GalatiVC, Corréa Muniz AC, Ribeiro Guimardes JE, Inestroza-Lizardo CO, Fab-
rino Mattiuz CM, Mattiuz BH. Postharvest conservation of alstroemeria ‘ajax’
using 1-methylcyclopropene. Ciénc Agrotech. 2017;41(2):181-90. https://doi.
0rg/10.1590/1413-70542017412032816.

2. Donoso A, Rivas C, Zamorano A, Pefia A, Handford M, Aros D. Understanding
Alstroemeria Pallida Flower Colour: links between phenotype, anthocyanins
and Gene Expression. Plant. 2021;10(55):1-14. https://doi.org/10.3390/
plants10010055.

3. Ohayokung S. (2021) Alstroemeria aurea The Royal Horticultural Society,
https://www.rhs.org.uk/about-the-rhs/mission-strategy.

4. Naziri Moghaddam N, Kaviani B, Safari Motlagh MR, Khorrami Raad M. Effect
of Sodium Nitroprusside on the Vase Life of Cut Rose, lisianthus, and sun-
flower. J Ornament Plant. 2021;11(3):185-95.

5. Shariatifar N. (2011) Qualitative and quantitative study of Pulicaria Gnapha-
lodes essential oil and plant extract and evaluation of oxidative stability of
soya bean oil in the presence of plant essential oil and extracts. MSc Thesis.
Tehran Uni (In Persian).

6. Hancock JT, Neill SJ. Nitric Oxide signaling in plants. Plants. 2020;9(1550):179p.
7. Shabanian S, Esfahani MN, Karamian R, Tran LSP. Physiological and biochemi-
cal modifications by postharvest treatment with sodium nitroprusside
extend vase life of cut flowers of two gerbera cultivars. Postharvest Biol

Technol. 2018;137:1-8. https://doi.org/10.1016/j.postharvbio.2017.11.009.

8. Sadeghi Feragheh J, Farahmand H, Nasibi F, Hosseyni Torbati FA. Effect
of exogenous nitric oxide application on physiological and antioxidant
responses and scape bending reduction in gerbera cut flower. Iran J Hort Sci
Technol. 2016;17(2):193-208. (In Persian).

9. Yamasaki S, Dillenburg LC. Measurements of leaf relative water con-
tent in Araucaria angustifolia. Revista Brasileira De Fisiologia Vegetal.
2000;11(2):69-75.

10. Chakrabarty D, Verma AK, Datta SK. Oxidative stress and antioxidant activ-
ity as the basis of senescence in Hemerocallis (day lily) flowers. J Hort for.
2009;1(6):113-9.

11. Nakajima JI, Tanaka |, Seo S, Yamazaki M, Saito K. LC/PDA/ESI- MS profiling
and radical scavenging activity of anthocyanins in various berries. J Biomed
Biotech. 2004;5:241-7. https://doi.org/10.1155/51110724304404045.

12. Marinova D, Ribarova F, Atanassova M. Total phenolics and total flavo-
noids in Bulgarian fruits and vegetables. J Univ Chem Technol Metal.
2005;40(3):255-60.

13. Kang HM, Saltveit ME. Chilling tolerance of maize, cucumber and rice seed-
ling leaves and roots and differentially affected by salicylic acid. Plant Physiol.
2002;115:571-6. https://doi.org/10.1034/j.1399-3054.2002.1150411 x.

14.  Updhyaya A, Sankhla D, Davis TD, Sankhla N, Smith BN. Effect of paclobutrazol
on the activities of some enzymes of activated oxygen metabolism and lipid
peroxidation in senescing soybean leaves. J Plant Physiol. 1985;121(5):453-61.
https://doi.org/10.1016/S0176-1617(85)80081-X.

15. Nakano ', Asada K. Hydrogen peroxide is scavenged by ascorbate specific
peroxidase in spinach chloroplasts. J Plant Cell Physiol. 1981,22:867-80.
https://doi.org/10.1093/oxfordjournals.pcp.a076232.

16. Ferrant A, Hunter DA, Hackett WP, Reid M. Thidiazuron- a potent inhibitor of
leaf senescence in Alestromeria. Postharvest Biol Technol. 2002;25:333-8.
https://doi.org/10.1016/50925-5214(01)00195-8.

17. Mutui TM, Emongor VE, Hutchinson MJ. The effects of gibberellin 4+7 on the
vase life and flower quality of Alstroemeria cut flowers. Plant Growth Regul.
2006;48:207-14. https://doi.org/10.1007/510725-006-0014-6.


https://doi.org/10.1590/1413-70542017412032816
https://doi.org/10.1590/1413-70542017412032816
https://doi.org/10.3390/plants10010055
https://doi.org/10.3390/plants10010055
https://www.rhs.org.uk/about-the-rhs/mission-strategy
https://doi.org/10.1016/j.postharvbio.2017.11.009
https://doi.org/10.1155/S1110724304404045
https://doi.org/10.1034/j.1399-3054.2002.1150411.x
https://doi.org/10.1016/S0176-1617(85)80081-X
https://doi.org/10.1093/oxfordjournals.pcp.a076232
https://doi.org/10.1016/S0925-5214(01)00195-8
https://doi.org/10.1007/s10725-006-0014-6

Sadeghi and Jabbarzadeh BMC Plant Biology

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2024) 24:678

Raghavendra Hl, Vijayananda BN, Madhumathi GH. In vitro antioxidant activity
of Vitex negundo L. Leaf extracts. Chiang Mai J Sci. 2010;37(3):489-97.

TIili N, Mejri H, Anouer F, Saadaoui E, Khaldi K, Nasri N. Phenolic profile and
antioxidant activity of Capparis spinosa seeds harvested from different wild
habitats Nizar. Indust Crop Prod. 2015;76:930-5. https://doi.org/10.1016/].
indcrop.2015.07.040.

Morais DR, Rotta EM, Sargi SC, Schmidt EM, Bonafe EG, Eberlin MN, Sawaya
AC, Visentainer JV. Antioxidant activity, phenolics and UPLC— ESI-MS of
extracts from different tropical fruits parts and processed peels. Food Res Int.
2015;77:392-9. https://doi.org/10.1016/j.foodres.2015.08.036.

Nasibi F. Effect of different concentrations of sodium nitroprusside (SNP)
pretreatment on oxidative damages induced by drought stress in tomato
plant. J Plant Biol. 2011;3(9):63-74. (In Persian).

Kazemzadeh-Beneh H, Samsampour D, Zarbakhsh S. Biochemical, physi-
ological changes and antioxidant responses of cut gladiolus flower 'White
prosperity’induced by nitric oxide. Adv Hort Sci. 2018;32(3):421-31. https./
doi.org/10.13128/ahs-23361.

Ul'Haq A, Lateef Lone M, Farooq S, Parveen S, Altaf F, Tahir |, Ingo Hefft D,
Ahmad A, Ahmad P. (2023) Nitric oxide effectively orchestrates posthar-

vest flower senescence: a case study of Consolida ajacis. Funct Plant Biol.
50(2):97-107. https://doi.org/10.1071/FP21241. PMID: 34794546.

Lin X, Li H, Lin S, Xu M, Liu J, Li Y, He S. Improving the postharvest perfor-
mance of cut spray ‘Prince’ carnations by vase treatments with nano-silver
and sucrose. J Hort Sci Biotech. 2019;94:513-23. https://doi.org/10.1080/1462
0316.2019.1572461.

Bhaskar Reddy GV, Sen AR, Nair PN, Reedy KS, Reddy KK. Effects of grape seed
extract on the oxidative and microbial stability of restructured mutton slices.
Meat Sci. 2013;95(2):288-94. https://doi.org/10.1016/j.meatsci.2013.04.016.
Choi, Lee J. Antioxidant and antiproliferative properties of a tocotrienol-
rich fraction. Food Chem. 2009;114:1386-90. https://doi.org/10.1016/].
foodchem.2008.11.018.

Dwivedi KSh, Arora A, Singh PV, Sariam R. Effect of sodium nitroprusside on
differential activity of SAGS in relation to vase life of gladious cut flowers. Sci
Hort. 2016;210:158-65. https://doi.org/10.1016/j.scienta.2016.07.024.

Seyf M, Khalighi A, Mostofi Y, Naderi R. Effect of sodium nitroprusside on vase
life and postharvest quality of a cut rose cultivar (Rosa Hybrida'Utopia). J
Agric Sci. 2012;4(12):174-81. https://doi.org/10.5539/jas.v4n12p174.

Fan HF, Du CX, Ding L, Xu YL. Exogenous nitric oxide promotes waterlogging
tolerance as related to the activities of antioxidant enzymes in cucumber
seedlings. Russ J Plant Physiol. 2014,61(3):366-73. https://doi.org/10.1134/
$1021443714030042.

Naing AH, Lee K, Kim KO, Ai TN, Kim CK. Involvement of sodium nitro-
prusside (SNP) in the mechanism that delays stem bending of different

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 9 of 9

gerbera cultivars. Plant Sci. 2017;8(2045):1-10. https://doi.org/10.3389/
fpls.2017.02045.

Mittal I, Shalini J. Evaluation of sodium nitroprusside (NO donor) as pulsing
solution in improving post-harvest quality of gladiolus spikes. Indian J Exp
Biol. 2021;59:467-75.

Pedroso MC, Magalhaes JR, Durzan D. Nitric oxide induces cell death

in Taxus cells. Plant Sci. 2000;157:173-80. https://doi.org/10.1016/
s0168-9452(00)00278-8.

Kuo EY, Chang HL, Lin ST, Lee TM. High light-induced nitric oxide production
induces autophagy and cell death in Chlamydomonas reinhardtii. Front Plant
Sci. 2020;10:11772. https://doi.org/10.3389/fpls.2020.00772.

Bilal AR, Igbal RM, Asim M, Naser AA, Nafees AK. Role of nitric oxide in improv-
ing seed germination and alleviation of copper-induced photosynthetic
inhibition in Indian mustard. Anim Behav Cognit. 2020;8(30):1-40. https://doi.
0rg/10.3390/plants9060776.

Siddiqui MH, Al-Whaibi M, Basalah M. Role of nitric oxide in tolerance

of plants to abiotic stress. Protoplasm. 2011;248:447-445. https://doi.
0rg/10.1007/500709-010-0206-9.

Abbasi J, Hassanpour Asil M, Olfati JA. Effects of Melatonin and Sodium
Nitroprusside (SNP) spray on Salinity Adjustment and improving the Morpho-
physiological traits of Cut Flower Gerbera Jamesonii. ) Greenh Crop Sci
Technol. 2020;11(1):29-44. (in Persian).

Mousavi Sh, Asadi Sanam S, Pejman Mehr M. Changes in morphophysiologi-
cal characteristics and yield of essential oil of leaves and flowers of Echinacea
purpurea L. Moeneh using foliar application of sodium nitroprusside (SNP)
under salinity stress. Iran J Hort Sci. 2019;50(2):375-91. (in Persian).

Mirzaei Esgandian N, Jabbarzadeh Z. Effects of sodium nitroprusside on
improving the vase life of Rosa hybrida cvs. Utopia and Dolce Vita. J Plant
Process Funct. 2020;38(9):77-91. (in Persian).

Yamasaki S, Dillenburg LC. Measurements of leaf relative water content in
Araucaria angustifolia. R Bras Fisiol Veg. 2000;11(2):69-75.

Howard T. Senescence, ageing and death of the whole plant. New Phytol.
2013;197:696-711. https://doi.org/10.1111/nph.12047.

Van Doorn WG. Water relations of cut flowers: an update. Hortic Rev.
2012;18(1):55-106. https://doi.org/10.1002/9781118351871.ch2.

Huang KT, Kao CH. Nitric oxide counteracts the senescence of rice leaves
induced by hydrogen peroxide. Bot Bull Acad Sin. 2005;46:21-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.indcrop.2015.07.040
https://doi.org/10.1016/j.indcrop.2015.07.040
https://doi.org/10.1016/j.foodres.2015.08.036
https://doi.org/10.13128/ahs-23361
https://doi.org/10.13128/ahs-23361
https://doi.org/10.1071/FP21241
https://doi.org/10.1080/14620316.2019.1572461
https://doi.org/10.1080/14620316.2019.1572461
https://doi.org/10.1016/j.meatsci.2013.04.016
https://doi.org/10.1016/j.foodchem.2008.11.018
https://doi.org/10.1016/j.foodchem.2008.11.018
https://doi.org/10.1016/j.scienta.2016.07.024
https://doi.org/10.5539/jas.v4n12p174
https://doi.org/10.1134/S1021443714030042
https://doi.org/10.1134/S1021443714030042
https://doi.org/10.3389/fpls.2017.02045
https://doi.org/10.3389/fpls.2017.02045
https://doi.org/10.1016/s0168-9452(00)00278-8
https://doi.org/10.1016/s0168-9452(00)00278-8
https://doi.org/10.3389/fpls.2020.00772
https://doi.org/10.3390/plants9060776
https://doi.org/10.3390/plants9060776
https://doi.org/10.1007/s00709-010-0206-9
https://doi.org/10.1007/s00709-010-0206-9
https://doi.org/10.1111/nph.12047
https://doi.org/10.1002/9781118351871.ch2

	﻿The effect of pre- and post-harvest sodium nitroprusside treatments on the physiological changes of cut ﻿Alstroemeria aurea﻿ ‘Orange Queen’ during vase life
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Plant materials and growing conditions
	﻿Treatment with SNP
	﻿Electrolyte leakage
	﻿Antioxidant capacity
	﻿Total phenol content
	﻿Plant extract preparation for enzyme activity measurement
	﻿Guaiacol peroxidase (GPX) activity
	﻿Ascorbate peroxidase (APX) activity


	﻿Vase life
	﻿Statistical analysis of data and software used
	﻿Results
	﻿Total phenol



