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Abstract

Senescence is the important physiological process that impact the quality of cut flowers. Alstroemeria is one of the major
cut flowers that has received a lot of attention in recent years due to its high yield, extremely beautiful flowers and variety
of colors. In order to improve the vase life and other postharvest characteristics of Alstroemeria cut flowers ‘Orange
Queen’, preharvest foliar application of sodium nitroprusside, nitric oxide (NO) donor at concentrations of 0, 50, 100 and
200 pM and short-term treatment (pulsing) after harvest at the same concentration were performed as a factorial trial
base on a completely randomized design. In this experiment, vase life, solution uptake, relative fresh weight, relative water
content, malondialdehyde and catalase activity were measured. It was observed that nitric oxide improved postharvest
characteristics. Foliar application of 100 uM sodium nitroprusside (SNP) along with pulsing of 50 uM SNP interdependent
on vase life time period was observed to be the optimal dose for improving relative fresh weight (RFW), relative solution
uptake (RSU), relative water content (RWC), catalase (CAT), and malondialdehyde (MDA) in Alstroemeria cut flowers. Vase
life markedly extended by preharvest application of 100 uM SNP + 50 yM SNP as pulsing from 7 day to 16 day and thus
those inducer effects were dose- and time-dependent. Taken together, these results suggest that SNP plays a critical role in
multiple modes of action to prolong vase life via maintaining RFW, RWC, scavenging free radical in term of enzymes
antioxidant, inhibiting lipid peroxidation in ‘Orange Queen’ of Alstroemeria cut flowers.

Introduction

Alstromeria hybrida L. commonly called the Peruvian lily or lily of the Incas, is a genus of flowering plants in the family
Alstroemeriaceae. They are all native to South America although some have become naturalized in the United States,
Mexico, Australia, New Zealand, Madeira and the Canary Islands. Alstroemeria is a recent introduction into the world’s
floriculture scene and has become a major cut flower. Flowers are simple or compound. Flower colors range from white to
dark yellow to various pinks, violets, purples and reds. Yellow throats and black dots at the base of the petals and throats
are a trademark of alstroemeria. It is a perennial herbaceous rhizomatous plant. Fibrous roots and aerial parts originate
from a sympodially branching rhizome .

Senescence occurs in cut flowers by several factors, disruption of water uptake and transport, due mainly to microbial
vessel blockage; depletion of the respiratory substrate, which limits the energy available to sustain life processes; and
harmful effects of the reactive oxygen species (ROS) emerging during the oxidative stress after the flowering stems are
detached from mother plants as well as the senescence-accelerating ethylene action in the ethylene-sensitive

species 2. The important problem in Alstroemeria flowers is leaf yellowing  which may occur over several days and
progress rapidly # and it is due to its high sensitivity to ethylene, which grows rapidly under postharvest conditions and
reduces the quality of flowers and the economic value of the product °.

Nitric oxide (NO) is a gaseous lipophilic free radical 6. NO not only easily migrates in the hydrophilic domains of the cell
such as cytoplasm, but also freely disperses through the lipid phase of membranes 7. No is a bioactive molecule that
exerts a number of diverse signal functions &. This multifunctional plant signal molecule plays role in various plant
processes including senescence °, stomatal closure and aperture 10, chlorophyll production and anthocyanin
biosynthesis 17, plant growth and development "2, plant defense signal against pathogen influence °, plant death,
regulation of ion channels of guard cells, mitochondrial and chloroplast functionality 12, seed germination '%, hypocotyl
elongation, xylem differentiation, root development and regulation of photosynthesis and fruit ripening °. Nitric oxide can
stimulate the production of many antioxidants in postharvest stages 3. NO has some interactions with phytohormones.
The interaction between NO and ethylene during the maturation and senescence of plant tissues suggested an

antagonistic excitement of two gases '2. It was hypothesized that ethylene biosynthesis in growing plants may be
regulated by NO. NO inhibits ethylene action and synthesis in higher plants . It has been offered that NO acts as a
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natural senescence delaying plant growth regulator primarily by down regulating of ethylene production '°. NO could be a
novel means of postharvest control to maximize shelf life of fruits, vegetables and flowers.

The role of NO in improving postharvest attributes of cut flowers has received increased attention across a number of
disciplines in recent years. Recent evidence suggests that application of 0, 50 and 100 pM of sodium nitroprusside (SNP) -
an external nitric oxide (NO) donor- on cut flowers of rose and gladiolus increased proteins, solution uptake, vase life and
fresh weight of flowers compared to the control '#19. It has previously been observed that application of sodium
nitroprusside at concentrations of 0, 50, 100, 150, 200 and 500 uM on cut lilies resulted in increasing vase life compare to
control 7. There is evidence that NO plays a crucial role in vase life and physiological attributes of Dianthus
caryophyllus L. ‘Tempao’. The results showed that exogenous NO could significantly extend the vase life of cut carnation
flowers (16.9 days) and could delay petal wilting, maintain water metabolism, the antioxidative enzymes activity and
eliminate reactive oxygen species (ROS) and as well as cell membrane stability '8. In another research in this area, which
examined the effect of SNP as a vase solution in two species of gerbera, it was found that a concentration of 150 uM as a
preservative solution increased the fresh weight of both species of gerbera and increased the vase life of flowers, as well
as increased the activity of ascorbate peroxidase, peroxidase and phenylalanine ammonialyase enzymes and reduced the
malondialdehyde '°. Sodium nitroprusside at a concentration of 150 uM with abscisic acid was applied as a foliar spray
on cut rose and it was observed that both abscisic acid and SNP increased the activity of superoxide dismutase,
peroxidase and ascorbate enzymes 20. Recent evidence suggests that SNP improves the postharvest longevity of cut rose
(Rosa hybrida L.), lisianthus (Eustoma grandiflorum), sunflower (Helianthus annuus L.) by suppressing ethylene synthesis
and protecting proteins 27.

One of the most important problems of Alstroemeria postharvest, is the rapid yellowing of the leaves of stem before
abscision the petals, which is due to its high sensitivity to ethylene. Ethylene develops rapidly under postharvest
conditions and reduces the quality and economic value of flowers, so the use of treatments that act as inhibitors of
biosynthesis and activity of ethylene, can increase the vase life of cut flowers. One of these inhibitors, is nitric oxide, which
acts as an inhibitor of ethylene production and its effect. SNP can be used as a healthy and very effective compound to
maintain the quality and vase life of harvested cutflowers and delay the senescence of them and increase their marketing.
This study uses recent data from NO to evaluates the effectiveness of pre- and postharvest application of SNP on vase
life and postharvest characteristics of Alstroemeria as well as determines its appropriate concentrations.

Materials And Methods

Plant materials and growing conditions

Alstroemeria plants (Alstroemeria aurea) cv. Orange Queen (Royal Van Zan Ten — Netherlands) were obtained from a
commercial greenhouse. Plants were cultured in plastic pots with a diameter of 24 cm and a height of 19 cm. The soilless
growth medium was composed of perlite : cocopeat (1:3 v/v). The greenhouse day/night temperature was set at 18—
21/10-12 °C, light duration was 10-12 h and light intensity at 400-500 pmol m? s™. The plants were fertilized three times
a week based on the composition of the nutrient solution shown in Table 1.

Table 1-nutritional program used for Alstroemeria for 100 L nutrient solution.

Mg(SO,), KNO; NH,NO; Na,MoO, Na,[B,0s] MAP MnSO, ZnSO, K,SO, Fe 5Ca
(OH), chelate  (NO3),-
6% NH,4NO».
10H,0
1049 32g 4q 0.035¢g 0.03g 59 02¢ 0.15¢g 8¢ 5¢
10g
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Treatment with sodium nitroprusside (SNP)

In this experiment preharvest foliar application of SNP (Fluka company- Switzerland) at concentrations of 0, 50, 100 and
200 uM was applied jointly with post-harvest application of SNP (as pulsing) with the same concentrations, 0, 50, 100 and
200 pM.

For preharvest application, about one month after the establishment of plants and growth in greenhouse conditions, foliar
spraying of plants was performed at intervals of two weeks for four months. For postharvest application, pulse treatments
were applied in the laboratory for 24 hours after harvesting the cut flowers. For this purpose, cut flowers were harvested
early in the morning and immediately were placed in buckets containing 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 SNP as a NO donor
compound. This red solid compound was dissolved in distilled water in concentrations of 50, 100 and 200 pM. Distilled
water was used as control treatment (0 uM). The solution was applied immediately because of its short half-life. Four
stems were placed in each 500 mL flask. Flowers were held in solutions at laboratory for 24h to permit compound uptake
by stems. After this period, flower stems were transferred to distilled water and were held in this situation until the end of
vase life. At the experimental period, the temperature was 22+1°C, relative humidity was about 70%,anda 12 h
photoperiod was maintained using fluorescent lamps with light intensity of 13 pmol m?2s™.

Relative fresh weight (RFW) of flowers

Fresh weight change of flowers was measured as relative fresh weight (g g™" initial fresh weight day™') based on Joyce
and Jones 22 by the following formula:

RFW = FW, / FW,
FW;= is the weight of stem (g) at desired day
FW,=the weight of the same stem (g) at first day
Vase life

The vase life of Alstroemeria cut flowers was determined by counting the number of days from harvest to full opening of

the primary florets, 50 % petal fall and 50 % leaf yellowing from daily observation 323

Relative water content (RWC) of petals

The RWC from florets at different stages was determined by Anderson et al. 4. The fresh weight (FW) of detached florets
was recorded by placing them in pre-weighed test tubes with distilled water and again recording the weight of test tubes.
The increase in weight of the test tube was FW of florets. The tubes were again weighed after 4 h and now the increase in
weight was turgid weight (TW). The florets were then oven dried at 72 °C for 48 h and weight was recorded as dry weight
(DW). The RWC was calculated as:

Fw — DW

RWC=———— X100
TW — DW

Relative solution uptake (RSU)

Solution uptake rate was determined as the ratio of absorbed solution by flower and primary fresh weight of the flower
stem. The amount of relative uptake solution was measured using the method of Alaei et al. 25 and was expressed in ml
per gram of initial fresh weight by the following formula:
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RSU = WU, / FW,
RSU= Relative solution uptake._

WUi= vase solution weight (g) on t = day 5and 10.
FWy= Primary fresh weight

Malondialdehyde (MDA)

Petal samples (0.2 g) were homogenized in 5 mL of 1% trichloroacetic acid (TCA). The homogenate was centrifuged at
8,000 g for 10 min, and then 1 mL of supernatant was added to 4 mL of 0.5% thiobarbituric acid (TBA) in 20% TCA. The
mixture was heated at 95°C for 30 min and then cooled in an ice bath. After centrifugation at 10,000 g for 10 min, the
absorbance of the supernatant was calculated at 532 and 600 nm. The MDA content was measured when the extinction
coefficient of the sample was 155 mM cm™ 26.

MDA (umol/g FW) = (A532 — A600 / 155)x100
Catalase (CAT) activity assay

For the catalase enzyme assay, 500 mg of tissue was extracted in 2.5 mL of 50 mM phosphate buffer (pH 7) at 0 °C by
centrifuging at 10,000 g for 15 min and then collecting supernatant to make the final volume to 100 mL. Catalase activity
was determined by Aebi 27. The absorbance of the supernatant was calculated at 240 nm The CAT activity was measured
when the extinction coefficient of the sample was 43.6 mM cm™.

mM  do D/min(slope) X vol.of assay

o M
W min Extinction coef ficient (43.6)

Statistical analysis of data and software used

This experiment was conducted as a factorial based on the completely randomized trial with three factors, the first factor
was preharvest application of SNP with concentrations of 0, 50, 100 and 200 pM, the second factor was postharvest
application of SNP with concentrations of 0, 50, 100 and 200 uM and the third factor was sampling time of cut flowers
during vase life period (0, 51" and 10t day). Data management and analysis were performed using SAS version 9.2. The
means were compared using Tukey's multi-domain method at a probability level of 1 %.

Results

Effect of SNP as holding solution on vase life, postharvest quality parameters and biochemical attributes of Alstroemeria
is explained below. The analysis of variances revealed that pre- and postharvest application of different concentrations of
SNP significantly influenced the postharvest quality of Alstroemeria cut flowers.

Relative fresh weight (RFW)

Comparing the results, it can be seen that among the treatments used in this study, preharvest application of 100 uM
sodium nitroprusside incombination with pulse treatment use of 50 uM SNP at postharvest stage cause a significant
effect on the relative fresh weight of Alstroemeria cut flowers during vase life period (Figure 1).

Different letters indicate statistically significant differences between the treatments and control in (P<0.01).

Relative solutionuptake (RSU)
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With respect to the relative solution uptake of cut flowers of Alstroemeria, it can also be observed that the application of
all concentrations of sodium nitroprusside in two stages (pre and post-harvest) led to an increasing trend in the relative
solution uptake compared to the control. Over time, the relative solution uptake showed a decreasing trend. According to
Figure 2, although the treatment of 100 uM sodium nitroprusside in the pre-harvest stage and 200 yM in the post-harvest
stage on the 5th day had the highest relative solution uptake, but on the 10th day showed a sharp decrease. It is apparent
from this figure that foliar application of 100 uM SNP in the pre-harvest stage along with 50 or 100 uM SNP as pulsing in
the post-harvest stage had a greater effect on increasing the relative solution uptake during vase life period compared to
the control and other treatments (Figure 2).

Different letters indicate statistically significant differences between the treatments and control in (P<0.01).
Relative water content of petals (RWC)

Comparing the results, it can be seen that the relative water content of petals showed a decreasing trend over time, but
application of 50 or 100 uM SNP at preharvest stage alongside postharvest application of 50 yM SNP cause to maintain
peatals water content during the vase period compared to control (Figure 3).

Different letters indicate statistically significant differences between the treatments and control in (P<0.01).
Malonedialdehyde (MDA)

The results, as shown in figure 4, indicate that application of sodium nitroprusside in both pre and post-harvest stages
over the vase life period significantly reduced malondialdehyde compared to the control but there was no significant
difference between control and using 200 uM sodium nitroprusside in the pre and post-harvest stages. It should be noted
that over time, the amount of malondialdehyde in all treatments showed an increasing trend, although this amount was
lower than the control. According to figure 4, the highest amount of malondialdehyde was observed in control and the
lowest amount of it was observed in foliar application of 100 uM sodium nitroprusside jointly with pulsing of 50 uM SNP
at postharvest stage.

Different letters indicate statistically significant differences between the treatments and control in (P<0.05).
Catalase enzyme activity (CAT)

An inspection of the data in figure 5, reveals that among the treatments used in this study, preharvest application of 100
MM SNP along with postharvest application of 50 uM of it was able to create a significant difference compared to the
control. It should be noted that, as shown in figure 5, increasing the time of keeping cutflowers in vase solution, leads to a
significant increase in catalase activity.

Different letters indicate statistically significant differences between the treatments and control in (P<0.01).
Vase life

From the data in figure 6, it is apparent that the vase life of Alstroemeria cut flowers varies between different
concentrations of SNP. In figure 6 there is a clear trend of increasing the vase life with application of SNP at pre- and post-
harvest stages to 100 uM compared to control, but with increasing the concentration of SNP, to 200 uM, vase life was
decreased. According to figure 6, preharvest application of 100 uM SNP and pulse treatment of 50 yM SNP, cause to 44%
increase in vase life (from 7 days to 16 days) compared to the control.

Discussion
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The results of the present study show that the application of sodium nitroprusside in two stages (pre and post-harvest)
leads to less reduction of weight of flowers as compared to control. Normally, RFW is also strongly associated with the
vase life of cut flowers. Maintaining the fresh weight of cut flowers during vase life period is an important parameter to
evaluate the vase life and the postharvest quality of flowers and it has been proven that the heavier the cut flowers, the
longer the vase life 28. Prior studies have noted the importance ofnitric oxide in increasing water absorption, as a result,
increasing the relative fresh weight of cut flowers by influencing the regulation of ion channels of guard cells, closing
stomata 1°, decreasing osmotic pressure, transpiration and an effect on abscisic acid '4. In this study, sodium
nitroprusside was also used in the pre-harvest stage, it is possible that sodium nitroprusside, as a nitric oxide-releasing
compound, increased endogenous B-gluconase activity. The enzyme B-gluconase is involved in the hydrolysis of
glycosidic bonds between glucose units within the cell wall, thereby leading to cell wall relaxation and increased cell
development. In a study, it was stated that nitric oxide deficiency in mutant Arabidopsis plants reduces the activity of B-
gluconase enzyme, so plant growth remains limited. Since the growth process is associated with an increase in turpentine
pressure and consequently an increase in the relative water content, nitric oxide deficiency leads to a decrease in
turpentine and fresh weight in plants 2°. The effect of nitric oxide on many other processes, including stem elongation,
meristem development, and relationship between organs, has been reported by the vascular system. The presence of nitric
oxide in vascular tissues and epidermal cells of roots, stems and leaves has been proven 30 Therefore, it seems that the
application of sodium nitroprusside in the pre-harvest stage in this study could be effective through the development and
improvement of the vascular system and also the positive effect on plant water relations on the fresh weight of the
plant. In confirmation of the results of the present study in Abdi’s 3! study on roses of ‘Avalanch’, they reported the effect
of nitric oxide on increasing the relative fresh weight of flowers in the post-harvest stage. In accordance with the present
results, previous studies have demonstrated the positive effects of sodium nitroprusside or other nitric oxide releasing
compounds on the improvement of relative fresh weight. For example, Mittal and Shalini 32 reported the effect of sodium
nitroprusside on gladiolus, Rahimian Booger and Salehi 33 on gladiolus, Mirzaei Esgandian and Jabbarzadeh 34 on rose
‘Utopia’ and ‘Dolce Vita’, Karamian et al. 3° on gerbera flowers and Dwivedi et al. '® reported on gladiolus.

In our study, the Alstroemeria cut flowers absorbed more solution and performed better when sprayed with SNP and then
pulse treated with SNP than control (Figure 2). Vase life of cut flowers is dependent upon the water status in flowers i.e.,
turgidity. The flowers are acceptable only when petals are turgid. When a flower is harvested, the uptake of water from
parent plant ceases but the transpiration loss continues that results in water deficit followed by petal wilting 3¢ . Flowers
with wilted petals become unacceptable and their vase life is over. So, water status plays an important role in determining
the vase life of flowers 37:38.3%.40_Uptake of water by the plant is one of the important factors to increase the vase life of
cut flowers 8. Many studies have reported that nitric oxide causes the stomata to close, which in turn leads to the
production of the abscisic acid, and as we know, this hormone plays a key role in responding to water stress and
increases water absorption #. Nitric oxide has a lead role in xylem differentiation which could be accounted for a higher
amount of solution/water uptake by flowers with the application of SNP, NO donor, #2. SNP responses are dose dependent
so at low concentration, it resulted in better uptake through stem whereas at high concentration, it interfered with
translocation channel. The decrease in the ability to absorb solution at a high concentration of SNP could also be ascribed
to microbial growth in vase solution as well as on the stem surface and air embolism of xylem tissues 3. In addition, nitric
oxide leads to improved quality through stem strength and chlorophyll retention #. It is indirectly effective in water uptake.

The current work clearly reported the ability of SNP to significantly prolong the flowers longevity and maintain the
postharvest quality of them. The mechanisms thereby SNP treatments exhibited these effects most probably ascribed to
water relation maintenance, antimicrobial effect, alleviating the oxidative stress, membrane integrity and chlorophyll
maintenance of cut flowers. These mechanisms altogether regulated and delayed the senescence of Alstroemeria cut
flowers. SNP treated flowers showed greater ability to maintain water as indicated by higher RWC and RFW of the flowers.
Maintaining water relations during postharvest has shown to be very important to extend the vase life while disturbed
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water balance leads to senescence of flowers 4%46.47 also reported that maintaining the fresh weight of flowers may be
ascribed to increased water uptake and/or transpiration reduction, thus preventing the fresh weight loss. In accordance
with our data, previous publications indicated that SNP treatment improved water relations and increased the RWC during
vase life period 484950,

The application of sodium nitroprusside in both pre and post-harvest stages reduced the amount of malondialdehyde,
although over time, the amount of malondialdehyde showed an increasing trend. Malondialdehyde is a product that is
produced by peroxidation of membrane lipids and its amount inside the cell can indicate the amount of oxidative stress in
plants as well as cell membrane homeostasis. So, the higher membrane stability plays a key role in inhibiting leakage of
electrolytes, sugars, pigment, solute leakage, and also lipid peroxidation as well as in delay senescence during cut flowers
postharvest 1. Our results showed that the change in lipid peroxidation occurrence resulting from the MDA production
were alleviated by SNP concentrations (50, 100 pM). These results are in agreement with those reported earlier by
Mansouri ®2Kazemzadeh-Beneh et al. °3, Mohasseli and Sadeghi °4; who suggested that SNP prolonged the vase life of
flowers. Cut flower senescence is linked to a sequence of highly regulated physiological and biochemical processes such
as degradation of proteins, DNA content, peroxidation of lipids and membrane leakage, degradation of macromolecules,
cellular decompartmentalization, floral abscission, color change, leaf yellowing, and weight loss °°. These changes are
due to the increase in the production of reactive oxygen species, which is due to the imbalance of reactive oxygen radicals
and antioxidant enzymes, leading to secondary oxidative damage due to the loss of permeability of the membrane 6.
Lipid peroxidation is a complex process that begins with the removal of hydrogen atoms from unsaturated fatty acids,
which in turn leads to the production of lipid radicals. The increase in the lipid peroxidation process is determined by a
change in the amount of malondialdehyde. Sodium nitroprusside, as a nitric oxide-releasing compound, can reduce lipid
peroxidation by three mechanisms. A) In the first mechanism, nitric oxide reacts rapidly with alloxy lipids and peroxide
radicals, thereby stopping the peroxidation chain and thereby reducing the amount of malondialdehyde. B) In the process
of lipid peroxidation, the enzyme lipoxygenase is one of the key oxidizing enzymes in this process, and its mechanism is
also mentioned by reducing Fe® * to Fe? * in the active site of the lipoxygenase enzyme °’. C) The third mechanism is
through the effect of nitric oxide on the increase of antioxidant enzymes, which leads to the removal of activated oxygen
radicals, thereby reducing cell membrane damage and thus reducing the amount of malondialdehyde 4.

Considering that it has been reported in various studies that the application of high concentrations of nitric oxide releasing
compounds depending on the plant genotype can lead to toxicity in plants '8, so considering that, at a concentration of
200 pM, malondialdehyde levels showed an increasing trend. It can be assumed that this concentration is high for
Alstroemeria and leads to toxicity thus increased MDA.

As shown in figure 5, the application of sodium nitroprusside in both preand post-harvest stages increases the activity of
catalase, antioxidant enzyme. In the post-harvest stage of flowers and plants, the production of reactive oxygen species is
one of the main causes of damage that changes the structure of membrane compounds and antioxidants. Under natural
conditions, reactive oxygen species are constantly produce at low concentration in different parts of the plant, including
chloroplasts and mitochondria, plasma membranesand etc., which increase in stress conditions and senescence. Earlier
studies have been confirmed that reactive oxygen species ultimately cause damage to proteins, RNA, DNA, and cell
membranes, and cause to lipid peroxidation 8. The action of nitric oxide as an antioxidant and its cytotoxic role due to the
reaction with free radicals have been considered 6. In addition, nitric oxide induces the production of antioxidant
enzymes, thereby suppressing free radicals and delaying senescence '#. Also nitric oxide could delay leaf senescence by
enhancing CAT and SOD activities and inducing the production of other enzymes, such as glutathione °°.Various reports
indicate that nitric oxide has a high affinity for iron-containing enzymes and improves the activity of these protective
enzymes. The application of nitric oxide varies depending on the species, cultivar and concentration used, but it has been
shown that the application of nitric oxide in low concentrations leads to the expression of genes involved in the synthesis
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of protective enzymes 0. Earlier studies have shown that nitric oxide, after reacting with reactive oxygen species, leads to
the production of peroxynitrite and reduces the production of these reactive oxygen species. When the pH is in the
physiological range, the peroxynitrite produced can be decomposed into a nitrate and proton anion or react with a radical
of hydrogen peroxide, thereby reducing reactive oxygen species 0, which may be the reason for the increase in antioxidant
enzymes activity in the present study. The results were in accordance with the findings of Naing et al. °° that reported a
positive effect of nitric oxide on the activity of antioxidant enzymes on gerbera cut flowers and Mittal and Shalini 32 that
reported the application of SNP on gladiolus flowers increases the activity of antioxidant enzymes such as catalase and
ascorbate peroxidase. In the present study, it was shown that the application of high concentrations (200 pM) of SNP
cause a decrease in the activity of antioxidant enzymes and antioxidant capacity. Negative effects induced by high
concentrations of SNP in CAT activity were dose- dependent 14, therefore, in the present study, preharvest foliar application
of 100 uM SNP jointly with pulse application of 50 uM of it were selected as optimal concentrations for CAT activity.

In the present study, the application of sodium nitroprusside increased the vase life of Alstroemeria flowers. In cut flowers,
one of the limitations of their maintenance in the postharvest stage is senescence. In senescence process, the formation
of reactive oxygen species leads to oxidative damage, which indicates the inability of the plant to antioxidant defense at
this stage ©7. In recent years, nitric oxide has been recognized as an antioxidant molecule in plants 2.1t should be noted
that the effect of nitric oxide depends on the concentration and species of plants, and high concentrations of nitric oxide,
through nitrosative stress in cooperation with oxidative stress, cause more destructive damage 3. Nitric oxide, in high
concentration as a free radical, has the ability to damage membranes, proteins and nucleic acids in plant cells, but in low
concentrations is necessary for plant growth and acts as a defense system in plants, therefore, NO has both protective
and toxic effects %4, In this study, preharvest application of 200 pM SNP led to a reduction in vase life, but at a
concentration of 50 uM, the highest vase life was observed, which shows the positive effect of low concentrations of
sodium nitroprusside on vase life. Sensitivity to ethylene and water stress is the main factor limiting the postharvest life of
cut flowers 2. In the present study, the application of sodium nitroprusside at a concentration of 100 uM in the preharvest
stage and a concentration of 50 pM in the postharvest stage, in addition to increasing vase life, led to a reduction in water
loss. In Alstroemeria, one of the most important problems in the postharvest stage is yellowing of leaves and reduced vase
life. Therefore, SNP application for exogenous NO could act as a promising tool to enhance the postharvest performance
of Alstroemeria cut flowers. It is believed that NO protects plants against oxidative stress and early senescence by two
mechanisms, i.e., the antioxidant effect and changing the expression of defensive genes in plant 6. The results were in
accordance with the findings of Salachna and Byczynska ®*on cut Eucomis, Ghaei et al. °° on Gerbera, Mirzaei Esgandian
and Jabbarzadeh 34 on two cultivars of rose, Dwivedi et al. '® on cut gladiolus and Kazemzadeh-Beneh et al. °3 (2018) on
gladiolus.

Conclusion

In conclusion, vase life period in the Alstroemeria aurea cv. Orange Queen cut flower is likely to be associated with many
parameters, particularly fresh weight content, water uptake, enzymatic antioxidant activities and lipid peroxidation. Results
showed that foliar application of SNP as well as supplementing vase solution with SNP enhanced RFW and water uptake,
maintained or increased antioxidant activity, leading to inhibit lipid peroxidation and scavenged free radical, and
ultimately causing delay in the senescence of flowers. The most significant in the present study, the results showed that
the application of sodium nitroprusside increased the vase life and the postharvest indices in Alstroemeria improved and
the concentrations of 50 uM in the postharvest stage and 100 uM in the preharvest stage were more effective than other
treatments.
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Figure 1

Effect of pre- and post-harvest application with different concentrations of SNP over vase life period on relative fresh
weight of Alstroemeria ‘Orange Queen'’ (pr: preharvest application of SNP).
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Effect of pre- and post-harvest application with different concentrations of SNP over vase life period on relative solution
uptake of Alstroemeria ‘Orange Queen’ (pr: preharvest application of SNP).
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Figure 3

Effect of pre- and post-harvest application with different concentrations of SNP over vase life period on relative water
content of Alstroemeria ‘Orange Queen’ (pr: preharvest application of SNP).
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Figure 4

Effect of pre- and post-harvest application with different concentrations of SNP over vase life period on malondialdehyde
content of Alstroemeria “Orange Queen” (pr: preharvest application of SNP).
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Figure 5

Effect of pre- and post-harvest application with different concentrations of SNP over vase life period on CAT activity of
Alstroemeria ‘Orange Queen’ (pr: preharvest application of SNP).
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Figure 6

Effect of pre- and post-harvest application with different concentrations of SNP on vase life of Alstroemeria ‘Orange
Queen’ (pr: preharvest application of SNP (uM).
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