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Abstract

Post-harvest senescence is one of the crucial challenges limiting the commercialization of cut flowers.
Long vase life is the most important factor determining the economic value of cut flowers. Major factors
limiting the vase life of lisianthus cut flower included sensitivity to ethylene, inability to absorb water
resulting in bending and suppression of bud opening and coloring, which must be considered at the post-
harvest stage. Therefore, the present study was carried out to investigate three types of growth regulators,
salicylic acid (SA), sodium nitroprusside (SNP) and spermidine (Sp), each with four concentrations and in
four replicates, on the vase life and quality of Lisianthus cut flowers in post-harvest stage. The three
regulators have a positive effect on the longevity of Lisianthus cut flowers and reduce ion leakage,
malondialdehyde and hydrogen peroxide and increase the activity of the antioxidant enzymes, ascorbate
peroxidase and guaiacol peroxidase, and preserving the degradation of lipid membrane and cell stability.
The most appropriate concentrations in this study included 1- and 2-mM salicylic acid and/or spermidine
as well as sodium nitroprusside concentrations of 40 and 60 uM.

Introduction

Lisianthus (Eustoma grandiflorum) is one of ten popular cut flowers in the world and originating from
northern Mexico and the southern United States. This species belongs to the Gentianaceae family and is
cultivated as cut flowers (Hohn et al. 2019). Lisianthus has been a very popular cut flower because of its
floral colors and is a leading cut flower in Japan with sales of more than 129 million stalks in 2001, and
was included in the list of top 10 cut flowers in Europe with a selling rate of at least 122 million stalks
(Sitawati et al. 2018).

Putrescine, spermine, and spermidine are the important polyamines (PAs), found in all living organisms.
PAs are formed by the decarboxylation of amino acids, and they facilitate cell growth and development
via different cellular responses (Sagar et al. 2021). One of the important and proven effects of
polyamines is to prevent the biosynthesis and effect of ethylene in plants. For this reason, this group of
hormones is called anti-senescence hormones. High levels of polyamines in plant tissues act as a strong
factor in preventing ethylene production. Polyamine and ethylene have completely opposite effects on
ripening and senescence, and therefore the balance of these two hormonal groups in plants is extremely
important for plant tissues, because the balance between the two opposite regulators delays or
accelerates the senescence process (Asghari 2015). Recent investigations implicate extensive role of
polyamines in regulation of flower senescence. In a previous study, polyamines used for improving
postharvest quality of Consolida ajacis cut spikes, amplified the activity of various antioxidant enzymes
viz, superoxide dismutase (SOD), catalase (CAT) and ascorbate peroxidase (APX) to overcome the
deleterious effects of reactive oxygen species (ROS). The electrolyte leakage of petals was profoundly
reduced due to attenuated lipoxygenase (LOX) activity. These findings reveal conspicuous role of
polyamines particularly Spm in modulation of flower senescence in cut spikes (Haq et al. 2021). In
response of Gerbera (Gerbera jamesonii) cv. Great Smoky mountains to foliar application of spermidine
at concentrations of 0 (distilled water as control), 50 and 100 mg.|™", it was observed that treatment with
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100 mg.I" ! of spermidine gave the best results in terms of number of leaves, leaf area, relative
chlorophyll content of leaves, flowering date, length and diameter of flower stalk, percentage of dry
material in flowers and vase life (Mohammad Saeed et al. 2019).

Nitric oxide acts as an important phytohormone and messenger molecule in connection with many
biochemical and physiological processes in plants, which may act as a gaseous internal growth regulator
or a non-classical plant growth regulator. As a regulator, nitric oxide is an important physiological process
depending on the concentration of the substance, including root organogenesis, hypocotyl growth,
defense responses, stomatal conductivity, programmed cell death, hypersensitivity response,
photosynthesis, growth and phytoalexin production under various conditions (Sami et al. 2017). The
effect of the pulse treatment of sodium nitroprusside (SNP) was studied at four levels of 0, 20, 40, and 60
UM on the vase life of cut roses (Rosa hybrida L.), lisianthus (Eustoma grandiflorum), and sunflowers
(Helianthus annuus L.), results showed that the longest vase life of cut roses (14.33 days) and
sunflowers (14.5 days) were obtained from the application of 40 uM SNP whereas cut lisianthus flowers
exhibited the extended vase life (14 days) when they were treated with 20 uM SNP. This treatment had the
greatest effect in maintaining the dry matter of cut flowers. SNP significantly reduced ethylene synthesis
in cut rose and Lisianthus vs control. However, the lowest ethylene synthesis in cut sunflower (0.03 nl L™
h™1 g~ FW) was obtained from 60 pM SNP treatment. SNP has significantly contributed to maintaining
the protein content of the mentioned cut flowers. In general, it can be said that SNP improves postharvest
longevity of roses, lisianthus, and sunflowers by suppressing ethylene synthesis and protecting proteins
(Naziri Moghaddam et al. 2021).

The introduction of salicylic acid (SA), as a natural phenolic secondary metabolite, is well documented in
various aspects of vital processes such as ethylene biosynthesis, stomatal conductance, respiration,
senescence and activation of defense systems against various pathogens (Zeb et al. 2017). Salicylic acid
(SA) has diverse regulatory roles in plant metabolism. It has many effects on cut foliage and flower
species, among them, it can inhibit the upward gravitational bending of snapdragon, reduce the pH of the
vase solution, reduce the rate of respiration, reduce moisture stress, improve the performance quality and
vase life of cut flowers (Soffar and Taha 2019). A study was conducted to determine the vase life of
Vrriesea incurvata using distilled water (control) and a solution containing salicylic acid (50 pM) for 8 and
24 hours. Flower scapes kept in the solutions showed longer vase life by 16 days compared to the control
(Pulido et al. 2021). In investigating the role of salicylic acid (SA) in regulating antioxidant enzymes and
some biochemical characters in petals and stem bending of Gerbera jamesonii'Sun Spot', cut flowers
were treated with different concentrations (50, 100 and 200 uM) of SA for 24 hours. The findings showed
that 50 uM SA significantly improved RWC, proline, anthocyanin, carotenoid, protein and soluble sugar
contents and POX activity in petals, and significantly reduced water loss and MDA content in petals.
(Hemati et al. 2019). Considering the importance of postharvest performance of cut flowers in the trade
and also the importance of lisianthus among ornamental plants, as well as the effects of plant growth
regulators in cut flowers, this research investigates the effect of salicylic acid, spermidine and sodium
nitroprusside on the vase life and delaying the senescence of lisianthus cut flowers.
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Materials and Methods

This research was conducted in the research and production greenhouses of Urmia University and the
research laboratory of the Department of Horticultural Sciences, Faculty of Agriculture. The treatments of
this study include vase solution containing spermidine at concentrations of 0, 0.5, 1 and 2 mM, salicylic
acid at 0, 0.5, 1 and 2 mM, sodium nitroprusside at concentrations of 0, 20, 40 and 60 pM in post-harvest
conditions.

Measurement of postharvest indicators

After the full opening of 3 flower buds, the lisianthus flowers were separated from the mother plant at a
height of 30 cm and sent to the germinator with a temperature of 19 + 2°C and a relative humidity of 65—
70%, 14 hours of light and 10 hours of darkness and the light intensity was 15 pmol/m2/s provided by
fluorescent light. In this research, 16 cut flower were used for each treatment and 4 replications were
considered for each treatment. Some of the post-harvest characteristics considered in the research were:
soluble sugar, protein, hydrogen peroxide, ion leakage, malondialdehyde and antioxidant enzymes
including ascorbate peroxidase and guaiacol peroxidase in 4 different time periods of the first days, 4th,
8th and 12th. Vase life of cut flowers was also calculated.

Vase life

Vase life was calculated when 50% of the flowers have faded, the life of the lisianthus flower is over (Cho
etal. 2001).

The amount of total soluble sugars

For measuring soluble sugars, to 0.1 ml of alcoholic extract, 3 ml of freshly prepared anthrone (150 mg
anthrone + 100 ml 72% sulfuric acid) was added. The solution was placed in a hot water bath for 10
minutes to appear the color. After cooling the samples, their absorbance was read with a
spectrophotometer at a wavelength of 625 nm (Irigoyen et al., 1992).

Measurement of total protein

Bradford (1997) method was used to determine soluble protein. First, 100 mg of Coomassie Blue was
dissolved in ethanol (95% by volume, 50 ml). Then 100 ml of phosphoric acid (85%) was added to 1 liter
and passed through filter paper. Bovine serum albumin was used to prepare the standard. 2.5 ml of the
prepared Coomassie Blue solution was poured into disposable cells and then 100 pl of petal extract from
each sample was added to the tube. Finally, the absorption rate of samples and standard solutions was
read using a spectrophotometer at a wavelength of 595 nm. The amount of crude protein was obtained
after drawing the standard curve and was expressed as mg per gram of fresh weight.
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lon leakage

Petal samples (0.2 g) were prepared from cut flowers. Then the samples were washed three times with
distilled water. They were placed in vessels containing 20 ml of sterilized distilled water. The samples
were placed in a water bath at 40°C for 30 minutes and then electrical conductivity (EC1) was measured.
The samples then were placed in a water bath at 100°C for 10 minutes and were measured by EC meter.
lon leakage was calculated from following formula (Chakrabarty et al. 2009).

EL= (EC1/EC2) x100

Peroxide Hydrogen

Hydrogen peroxide content was determined according to Velikova et al. (2000). 0.5 g of frozen petals
were homogenized in an ice bath with 5 ml of 0.1% (w/v) trichloroacetic acid. The homogenate was
centrifuged at 12,000 x g for 15 min, and 0.5 ml of the supernatant was added to 0.5 ml of 10 mM
potassium phosphate buffer (pH =7.0) and 1 ml of KI. The absorbance of the supernatant was measured
at a wavelength of 390 nm. Hydrogen peroxide content was expressed as mM/g FW-1.

Malonedialdehyde

To measure malondialdehyde, 0.2 g of frozen petals were ground with 5 ml of 1% trichloroacetic acid
(TCA), and then the plant extract was centrifuged at 8000 rpm for 10 minutes, then 1 ml of the
supernatant was centrifuged with 4 cc of TCA solution 20% and TBA 0.5%. The samples were placed in a
hot water bath at 95°C for 30 minutes and immediately cooled with ice water. They were centrifuged
again at 5000 rpm for 5 minutes, the supernatant was removed, and the absorbance of the samples was
read at 600 and 532 nm and malondialdehyde content was calculated with following formula (Horst and
Cakmak 1991).

MDA (umol/g FW) = (Agg, — Aggo / 155)*100

Measurement of enzyme activity

Extraction of plant extracts to measure enzymes

The methods of Kang and Saltveit (2002) were used to prepare plant extracts to determine antioxidant
enzyme activity. 0.5 g of fresh petal was transferred to a cold mortar and treated with 3 ml Tris buffer
solution with pH = 7.5 (Tris buffer containing 0.50 M hydrochloric acid, 3 mM magnesium chloride and 1
mM EDTA). It was ground with a fine mortar. The extraction buffer for measuring ascorbate peroxidase
activity also contained 0.2 mM ascorbate. The resulting homogenate was centrifuged at 4000 rpm for 4
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minutes at 4°C. The resulting supernatant was used as a crude extract to measure the activity of
antioxidant enzymes

Measurement of Guaiacol peroxidase

The reaction mixture consisted of 1 ml of 1% guaiacol, 1 ml of 1% hydrogen peroxide, 2.5 ml of 50 mM
phosphate buffer (pH = 5.7) and 0.1 ml of extract. Then, the activity of guaiacol peroxidase enzyme was
calculated as the increase in absorbance for 1 minute at 420 nm using a spectrophotometer. To measure
the activity of guaiacol peroxidase, the extinction coefficient of 26.6 cm-1 mM-1 was used. The activity of
guaiacol peroxidase was calculated according to following formula: (Updhyaya et al. 1985).

mM do D
Units — = — X vol.of assay (0.0003)
min  min(sl ope)

Etinction coeffcient(26.6)

Measurement of ascorbate peroxidase activity

Ascorbate peroxidase activity was measured using the methods of Nakano and Asada (1981). The
reaction solution consisted of 2.5 ml of 50 mM phosphate buffer pH =7 (Phosphate buffer: 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 extract. Then,
using a spectrophotometer with the following formula, the activity of ascorbate peroxidase enzyme was
calculated as a decrease in absorbance during one minute at a wavelength of 290 nm. To measure the
activity of this enzyme, the extinction coefficient of 2.8 cm-1 mM-1 was used.

mM do D
Units — = — x vol.of assay (0.0003)
min  min(sl ope)

Etinction coef fcient(2.8)

Statistical analysis of data and software used

SAS software version 9.1 was used to perform variance analysis and mean comparision. Means were
compared using Tukey's multiple range test method at the 1% probability level.

Discussion and results
Soluble sugar
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The average comparison graph showed that the amount of soluble sugar decreased during vase life
period and the highest soluble sugar was in the first time, which shows a significant difference compared
to other times (Fig. 1A). Also, in relation to the effect of growth regulators, positive effect on sugar, except
for salicylic acid treatment of 0.5 mM, other treatments were significantly different from the control.
Among the treatments, the highest amount of soluble sugar was related to the concentration of 60 yM
sodium nitroprusside, which had an almost two-fold increase in soluble sugar compared to the control
(Fig. 1B).

Total protein

Comparison of average data shows that during vase life period, the amount of protein decreases as well
as soluble sugars, so that in all treatments, the highest amount was at 1st day and the lowest at 12th
day. The reduction at different times was different depending on the type and concentration of growth
regulators. It should be noted that all the treatments were effective in preventing the reduction of protein,
but among them, the effect of sodium nitroprusside was greater than spermidine and salicylic acid,
especially its concentration of 40 uM could increase the amount of protein compared to other treatments

(Fig. 2).

According to the comparison of the mean data, it can be seen that during vase life period of Lisianthus
cut flowers, the amount of soluble sugar and protein decreases. Senescence is a genetically regulated
process that can be observed at the level of a cell, tissue, organ, or whole plant. This process is mainly an
oxidative one, characterized by cessation of photosynthesis, disintegration of organelle structures, loss of
chlorophyll, proteins, dramatic increase in lipid oxidation, breakdown of cell wall components, and
disruption of cell membranes leading to loss of cell/tissue structure. Senescence, the final stage of
growth in the life cycle of a plant, can be accelerated by a set of abiotic and biotic factors (Setia and
Setia 2018), so it is one of the reasons for the reduction of soluble sugar and protein. In Lisianthus,
during vase life period, the plant enters the senescence stage. After water, carbohydrates are one of the
most abundant compounds in plant tissues. Plants, like other higher organisms, use sugar and other
oxidizable organic molecules as an energy source. Some of these carbohydrates produced in
photosynthesis are converted into large starch molecules and stored in chloroplasts, and the rest of the
carbohydrates are transferred to other parts of the plant (Ruan 2014). When the flower is separated from
the mother plant, it actually experiences stress and by creating stress in the plants, many destructive
enzymes start to function in the plant cells. One of these enzymes is chlorophyllase, which increases its
amount in the cell and causes the breakdown of chlorophyll and ultimately reduces photosynthesis
(Ershad Langroudi et al. 2020). Therefore, with the reduction of photosynthesis, the amount of
carbohydrates also decreases, and probably one of the reasons for the decrease in soluble sugar during
vase life period, is the decrease in photosynthesis due to separation from the mother plant and damage
to chlorophyll.
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As the results show, the use of different concentrations of salicylic acid, spermidine and sodium
nitroprusside has a better effect in preventing the decrease of soluble sugar and protein during the vase
life period of lisanthus. Chlorophyll reduction is considered as a symptom of oxidative stress conditions,
which may be due to the production of reactive oxygen species (ROS), which causes damage to
chlorophyll a and lack of light absorption by the plant. Therefore, in such a case, photosynthesis is
reduced or stopped. It seems that the above anti-ethylene treatments (Spermidine as polyamine, SA and
SNP as nitric oxide donor) preserve chlorophyll by inhibiting the activity of the chlorophyllase enzyme
and creating chloroplasts and ultimately reducing the amount of soluble sugar in sensitive cut flowers
such as alstroemeria, lilium, chrysanthemum and stock (Ershad Langroudi et al. 2020). Polyamines also
act as anti-senescence agents in a number of plant species by inhibiting ethylene synthesis (Setia and
Setia 2018). Salicylic acid also increases vase life, delays senescence, and increases cell metabolism by
affecting ethylene synthesis (Vazirimehr and Rigi 2014). Nitric oxide also increases the storage life of a
wide range of flowers, fruits and vegetables by down-regulating ethylene production (Sankhla et al.
2005). Therefore, one of the reasons that can be mentioned to prevent the reduction of Lisianthus sugar
by spermidine, salicylic acid and sodium nitroprusside compared to the control treatment in the present
study is the anti-ethylene and anti-senescence activity of these compounds that depending on the
concentrations used, their effectiveness is different. In senescence, the amount of free radicals in plant
cells increases, which can damage the protein structure and reduce the protein content in the cell (Mittler
2006). The decrease in protein level may be due to the decrease in the activity of nitrate reductase,
glutamine synthase and glutamine aminotransferase. In addition, proteins oxidize free radicals due to
their high tendency to react with them. Nitric oxide as a free radical in high concentrations has the ability
to damage membranes, proteins and nucleic acids in plant cells, but in lower concentrations it is
necessary for plant activity and as an antioxidant against radicals. Free radicals act in the plant's defense
system (Asghari 2014). Probably, in the present study (where low concentrations of this substance were
investigated), the amount of protein reduction was lower than the control due to the antioxidant activity
of sodium-nitroprusside. There is also a possibility that salicylic acid, as an antioxidant, neutralizes the
damage of free radicals caused by oxidation and destruction of the protein structure and thus increases
the protein content (Zarei et al. 2013). In the case of spermidine, polyamines can improve the vase life of
cut flowers and increase carbohydrate and protein levels by affecting free radicals and reactive oxygen
species (ROS) or by changing their synthesis mechanism (Danaee and Abdossi 2018). One of the
reasons for the short life of cut flowers is the lack of carbohydrate storage. The initiation of hydrolysis of
proteins and carbohydrates is the initiation of an aging process in response to the lack of free sugars
used in respiration (Ezhilmathi et al. 2007). Therefore, it may be argued that the growth regulators
salicylic acid, sodium nitroprusside, and spermidine are effective in increasing cell lifespan by preventing
the hydrolysis of carbohydrates and proteins. Salicylic acid, sodium nitroprusside and spermidine delay
the senescence of flowers by inducing the activity of antioxidants and strengthening the antioxidant
system of cells and control the reduction of sugar and soluble protein. In confirmation of the results of
this study, in relation to the effect of spermidine on the amount of protein and soluble sugar, studies have
shown that polyamines increase the amount of photosynthetic pigments and carbohydrates in the plant,
and decrease the protein hydrolysis of cut flowers of lily, gerbera and carnation and delayed senescence
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(Amorim et al. 2017; Vieira et al. 2017). Research has also shown that salicylic acid increases protein
levels in plants by preventing the destruction of cell structures and increases carbohydrate (Apostolova et
al. 2008). Other studies have reported that salicylic acid inhibits protein destruction in plants with
antioxidant activity and reduces oxidative activity in plants (Ershad Langroudi et al. 2020). In relation to
the studies conducted with sodium nitroprusside, according to the results of this study, nitric oxide is
known as a signaling molecule that plays a role in the tolerance of biotic and abiotic stresses and
increasingly to extend the life of cut flowers such as Rose, gladiolus and carnation have been used to
prevent protein breakdown and cell wall destruction as well as preserve carbohydrates (Naing et al. 2017;
Kazemzadeh-Beneh et al. 2018).

Hydrogen Peroxide (HO)

As can be seen in Fig. 3, the amount of hydrogen peroxide increased during vase life period, and the
growth regulators used in this study were able to prevent the increase of hydrogen peroxide compared to
the control. In this study, among the growth regulators, T mM spermidine and all concentrations of
sodium nitroprusside showed a better effect than other treatments. Spermidine was more effective than
salicylic acid in reducing hydrogen peroxide, but in general, all three growth regulators reduced the
amount of hydrogen peroxide compared to the control and increased the vase life in Lisianthus.

Malonedialdehyde (MDA)

According to the results, malondialdehyde, as well as hydrogen peroxide, was increased during vase life
period. All the treatments used in this study, significantly reduced the amount of malondialdehyde
compared to the control. Also, among the regulators, spermidine at a concentration of 1 mM had the best
effect, which reduced the amount of malondialdehyde more than the control. The highest amount of
malondialdehyde was related to the control, especially on days 8th and 12th (Fig. 4).

lon leakage

lon leakage, such as malondialdehyde and hydrogen peroxide, increased during vase life period, and
growth regulators prevented a large increase in ion leakage compared to the control, resulting in a longer
vase life of Lisianthus flowers. However, all three regulators significantly reduced ion leakage compared
to the control on days 4th, 8th, and 12th. The best effect of salicylic acid was at a concentration of 1 mM,
which decreased the amount of ion leakage in all 3 time periods respectively, and spermidine with a
concentration of T mM had a significant effect on reducing ion leakage. In relation to nitric oxide, such as
salicylic acid and spermidine, ion leakage decreased in all 3 time periods, so that the lowest amount of it
was related to the concentration of 20 uM sodium nitroprusside, as well as the highest amount of ion
leakage related to the control. It should be noted that spermidine had the best effect among the
regulators (Fig. 5).
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As can be seen, salicylic acid, spermidine and sodium nitroprusside in all three concentrations had a
positive effect on reducing the parameters of hydrogen peroxide, ion leakage and malondialdehyde.
Senescence of cut flowers is associated with a set of physiological and biochemical processes such as
protein degradation, lipid peroxidation and membrane leakage, macromolecule degradation, flower
shriveling, color change, leaf yellowing and weight loss (Nasibi et al. 2014). lon leakage occurs in the
plant when the plant enters the senescence stage and the petals lose their freshness (Tatte et al. 2015).
Hydrogen peroxide also reacts with the superoxide radicals and forms hydroxyl radicals, these hydroxyl
radicals by reacting with methylene groups, unsaturated fatty acids (which are the main components of
membrane lipids) cause membrane lipid peroxidation and increase the level of malondialdehyde (Gupta
et al. 2019). Malondialdehyde is also a product of lipid peroxidation of cell membrane and its content in
intracellular conditions can determine the degree of degradation in plants and cell membrane
homeostasis. In plants, the production of reactive oxygen radicals increases with senescence. The
increase in the production of reactive oxygen species (due to the disruption of the balance of reactive
oxygen species radicals and antioxidant enzymes) causes secondary oxidative damage such as lipid
peroxidation of the membrane and eventually loss of membrane permeability (Hernandez and Almansa
2002). Lipid peroxidation is a complex process that usually begins after the removal of hydrogen atoms
from unsaturated fatty acids, which ultimately leads to the generation of lipid radicals. The increase in
lipid peroxidation is determined by changing the concentration of malondialdehyde along with the
increase in lipoxygenase activity. Peroxidation products cause membrane dysfunction (Zeng et al. 2011).
Therefore, in the present study, sodium nitroprusside, salicylic acid, and spermidine increased the vase
life of cut Lisianthus flowers by helping to delay senescence. Vase life has a positive correlation with
enzyme antioxidant activity and lipid peroxidation (Kazemzadeh-Beneh et al. 2018). Also, salicylic acid
may reduce lipid peroxidation by increasing the activity of antioxidant enzymes, which is one of the most
effective anti-senescence mechanisms, reduce the amount of hydrogen peroxide, and subsequently
prevent the increase of malondialdehyde and ion leakage, and inhibit the breakdown of the cell
membrane. Salicylic acid can reduce ROS with its antioxidant properties, and on the other hand, by
reducing the activity of the lipoxygenase enzyme, it reduces the degradation of membrane lipids (Ershad
Langroudi et al. 2020). The positive effect of polyamines in reducing ion leakage of hydrogen peroxide
and malondialdehyde with their ability to bind to membrane phospholipids and other membrane anion
components can be explained by increasing the stability of the plant cell structure and inhibiting the
activity of the lipoxygenase enzyme, preventing the lipid destruction of the membrane (Vieira et al. 2017).
Polyamines also prevent the activity of reactive oxygen species and free radicals with their antioxidant
activity and increase the activity of antioxidant enzymes, thus reducing the amount of hydrogen peroxide
and malondialdehyde in the cell (Kamiab and Zamanibahramabadi, 2016). By increasing the activity of
enzymes, especially ascorbate peroxidase, which is known as the most important antioxidant in plants,
nitric oxide reduces the degradation process of membrane lipids and thus prevents the increase of
hydrogen peroxide, ion leakage, and malondialdehyde (Kazemzadeh-Beneh et al. 2018). According to the
results of this study, other studies on the effect of salicylic acid on cut flowers of gladiolus, rose, gerbera,
lilium and carnation have shown that salicylic acid has an effect on hydrogen peroxide level, lipid
membrane breakdown and reduces malondialdehyde by affecting the activity of antioxidant enzymes
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and increases the vase life of cut flowers (Jalili Marandi et al. 2011; Ershad Langroudi et al. 2020). Also,
the effect of spermidine in confirming the obtained results, it has been reported that polyamines increase
the vase life of lilium, carnation, gerbera and rose cut flowers by reducing the amount of ion leakage and
reducing the activity of lipoxygenase enzyme and preventing membrane lipids decline (Amorim et al.
2017; Danaee and Abdossi 2018). Regarding the effect of sodium nitroprusside, it has been reported that
in gladiolus and other horticultural plants such as cut flowers and fruits, this substance improves the
antioxidant system, photosynthetic efficiency, and reduces the accumulation of ROS, ion leakage, and the
decomposition of lipid components of the cell membrane to a significant extent (Bilal et al. 2020;
Kazemzadeh-Beneh et al. 2018).

Ascorbate peroxidase and Guaiacol peroxidase enzyme

By comparing the mean data, it can be seen that ascorbate peroxidase activity increased during vase life
period in Lisianthus cut flowers. Also, all the treatments used in this study increased the activity of the
enzyme compared to the control. Among the treatments, salicylic acid with a concentration of 2 mM
showed a better effect than spermidine and sodium nitroprusside (Fig. 6).

Comparison of mean data shows that the activity of guaiacol peroxidase enzyme in cut flowers of
Lisianthus increased during vase life period and salicylic acid, spermidine and sodium nitroprusside
treatments also increased its activity compared to the control. All three growth regulators significantly
increased guaiacol peroxidase activity, but salicylic acid at a concentration of 2 mM showed the best
results during vase life period (Fig. 7).

According to the results, it can be seen that treatment with salicylic acid, spermidine and sodium
nitroprusside reduces the ion leakage, malondialdehyde and hydrogen peroxide and preserves
carbohydrates and proteins, because of their effect on the activity of antioxidant enzymes and ethylene
synthesis. As seen in the present study, the treatments used increased the activity of the antioxidant
enzymes guaiacol peroxidase and ascorbate peroxidase. In the post-harvest stage, one of the main
causes of damage is the production of reactive oxygen species that change the structure of membrane
compounds and antioxidants. Plants remove and decompose hydrogen peroxide and oxygen free
radicals through two enzymatic (ascorbate peroxidase, peroxidase, superoxide dismutase and catalase)
and non-enzymatic systems. Under normal conditions, reactive oxygen species are constantly produced
in different parts of the plant, including chloroplasts and mitochondria, plasma membranes, etc., which
increase to a degree that is harmful to the plant in conditions of degradation and senescence. Under
normal growth conditions, reactive oxygen species are removed by the plant's antioxidant systems, but
when the plant is in a state of degradation, the production of oxygen free radicals increases dramatically,
because the activity of the antioxidant system is overcome, oxidative stress occurs, which eventually
causes damage to proteins, RNA, DNA and cell membrane and lipid peroxidation occurs (Kumar et al.
2014). The activity of antioxidant enzymes is a very important factor in controlling the senescence
process. In fact, adapting and overcoming oxidative stress and preventing the production of free radicals
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and reactive oxygen species requires regulating the synthesis and regeneration of proteins and increasing
the antioxidant capacity of cells. Also, increasing the activity of antioxidant enzymes increases plant
protection against oxidative stress, aging and cell death. Therefore, antioxidants oxidize reactive oxygen
species by releasing free electrons and reversing the senescence process. Although plants are equipped
with antioxidant enzyme systems such as superoxide dismutase and catalase, these systems may be
much less robust in cut flowers and lack the antioxidant capacity to reduce the negative effects of free
radical oxidation. Anti-ethylene compounds such as polyamines, salicylic acid, and sodium nitroprusside,
which are capable of modulating stress resistance and reducing the activity of free radicals by
strengthening antioxidant systems, are used for this purpose (Danaee and Abdossi 2018). Also, during
the senescence of flowers, with the accumulation of H,0,, the activity of antioxidant enzymes such as
ascorbate peroxidase increases. Increasing the ascorbate peroxidase enzyme reduces the accumulation
of H,0,, which significantly delays the senescence process. The increase in the accumulation of reactive
oxygen species associated with senescence is compensated by the increase in antioxidants and
ubiquitous enzymes (Naderi et al. 2018).

Another oxidizing enzyme of phenolic compounds, which plays an important role in increasing
antioxidant defense, is the guaiacol peroxidase enzyme, which acts as a receptor and collector of
peroxides and reduces the destructive effects of these molecules (Zhou et al. 2011). Antioxidant enzymes
play a role in reduction of the peroxidation of lipid membranes and the activity of reactive oxygen species
in plants (Ershad Langroudi et al. 2020). Salicylic acid acts as one of the antioxidants in the chloroplast
and inhibits the activity of reactive oxygen species, known as free radicals, when the plant is under stress.
Such effects may be due to the protection of antioxidant systems, which are often associated with
increased resistance to oxidative stress or control of free radicals in plant tissues (Shahmoradi and
Naderi 2018). In the present study, increasing the activity of ascorbate peroxidase and guaiacol
peroxidase decreased lipid membrane degradation and delayed senescence in lisianthus. By eliminating
free radicals and reactive oxygen species, polyamines reduce membrane degradation and delay
senescence in cut flowers by increasing the activity of antioxidant enzymes such as ascorbate
peroxidase and guaiacol peroxidase (Tatte et al. 2015). It has been reported that nitric oxide is produced
in response to various stresses (Asghari 2015). Nitric oxide protects heme-containing enzymes, ascorbate
peroxidase and peroxidase, from reactive oxygen species. Nitric oxide free radicals also eliminate the
toxic effects of reactive oxygen species (Neill et al. 2003). Therefore, in this study, according to the
effects of all three growth regulators, it can be seen that increasing the activity of antioxidant enzymes
reduces the production of hydrogen peroxide, ion leakage, and malondialdehyde, and finally increases the
vase life of Lisianthus cut flowers.

Vase life

According to the comparison of the average data, it can be seen that the longest vase life is related to the
application of 1 mM spermidine, which caused the freshness of cut flowers of Lisanthus up to 19 days

(Fig. 8).
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By reducing the ion leakage, malondialdehyde and hydrogen peroxide and increasing the activity of
antioxidant enzymes, as well as increasing the content of soluble sugar and total protein by the growth
regulators of salicylic acid, spermidine and nitric oxide, which can be seen in the results, the vase life of
lisianthus cut flowers was increases. As various studies have shown that antioxidant enzymes preserve
and stabilize cells by overcoming oxidative stress and preventing the production of free radicals and
reactive oxygen species, also increasing the activity of antioxidant enzymes increases plant protection
against oxidative stress, senescence, and cell death. Anti-ethylene compounds such as polyamines,
salicylic acid and sodium nitroprusside increase the activity of antioxidant enzymes and thus reduce the
activity of free radicals (Danaee and Abdossi 2018). Also, during flower senescence with H,0,
accumulation, the activity of antioxidant enzymes such as ascorbate peroxidase is increased. The
increase in the enzyme ascorbate peroxidase reduces the accumulation of H,0,, which significantly
delays the senescence process. The increased accumulation of reactive oxygen species associated with
senescence is counteracted by an increase in antioxidants and scavenging enzymes (Naderi et al. 2018).
Therefore, in the present study, sodium nitroprusside, salicylic acid and spermidine significantly increased
the vase life of lisianthus cut flowers by helping to delay senescence and desiccation of tissue or flower
surface. Vase life is positively correlated with enzymatic antioxidant activity and lipid peroxidation
(Kazemzadeh-Beneh et al. 2018). As mentioned earlier, salicylic acid can increase the activity of
antioxidant enzymes through lipid peroxidation, which is one of the effective mechanisms against
senescence, reduce the amount of hydrogen peroxide and subsequently prevent the increase in
malondialdehyde and ion leakage content thus prevents the degradation of cell membranes. Salicylic
acid can reduce ROS on the one hand through its antioxidant properties and on the other hand by
reducing the activity of the enzyme lipoxygenase, reduces the degradation of membrane lipids and
increases the vase life of cut flowers (Ershad Langroudi et al. 2020) and polyamines, by binding to
membrane phospholipids and other membrane anionic components, reduce ion leakage, hydrogen
peroxide and malondialdehyde and increase plant cell structure stability and inhibit lipoxygenase activity
and they prevent the lipid structure of the membrane from breaking down, thus delaying the senescence
process in plants (Vieira et al. 2017). Nitric oxide also protects heme-containing enzymes, ascorbate
peroxidase and peroxidase, from reactive oxygen species and scavenges free radicals, prevents
membrane damage and maintains cell stability. Nitric oxide also eliminates the toxic effects of reactive
oxygen species (Neill et al. 2003). Therefore, considering the effects of the three growth regulators, it is
observed that increasing the activity of antioxidant enzymes reduces the production of hydrogen
peroxide, ion leak and malondialdehyde, and ultimately increases the longevity of Lisianthus cut flowers.

Conclusion

The present study was conducted to investigate the effect of different concentrations of growth
regulators salicylic acid, spermidine and sodium nitroprusside on Lisianthus cut flowers at the post-
harvest stage. The growth regulators increased the longevity of Lisianthus cut flowers and all three
regulators improved the post-harvest characteristics of Lisianthus cut flowers. In this study, the
concentrations of 1- and 2-mM salicylic acid and spermidine as well as the concentrations of 40 and 60
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UM sodium nitroprusside were appropriate, although all three concentrations had a positive effect
compared to the control.
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Figure 1

Effect of time (A) and growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside
(SNP)) (B) on the amount of soluble sugar in Lisianthus cut flowers.

Different letters indicate statistically significant differences between treatments (Tukey = P<0.01).
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Effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on

malondialdehyde content in Lisianthus cut flowers during vase life period.
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Effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on ion

leakage in Lisianthus cut flowers during vase life period.
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Effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the

activity of ascorbate peroxidase in Lisianthus cut flowers during vase life period.
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Effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the

activity of guaiacol peroxidase in Lisianthus cut flowers during vase life period.
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The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP) on
the vase life of cut flowers of Lisianthus.

Different letters indicate statistically significant differences between treatments (Tukey = P<0.01).
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