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Abstract

Nitric oxide (NO) and thidiazuron (TDZ) have been shown to extend the postharvest life
of Many plants. In this article, we have evaluated the effect of sodium nitroprusside
(SNP), as nitric oxide donor and thidiazuron (TDZ) on the flower protein changes and
enzyme activities during postharvest cut lilium flowers. Flowers were treated for 24-h at
0, 25, 50µmol L

-1
 TDZ and 0, 25, 50, 75 µmol L

-1
 SNP and then hold in a 1% sucrose

solution. Results showed that the concentration of 50 µmol L
-1

 TDZ with 50 µmol L
-1

SNP
had the significant effect on protein of petals. Treatments with 50 µmole L

-1
 TDZ with 75

µmole L
-1

SNP had the greatest effect on catalase and peroxidase enzyme activity of
petals.
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Introduction

Lilium Candidum (cv .Navona) is known as white lily. Postharvest senescence is a major limitation to
the marketing of many species of cut flowers and developing postharvest treatments to extend their
marketing period (Bowyer et al., 2003). Nitric oxide can act as a signaling molecule with multiple functions in
plants (Delledonne, 2005). It was first characterized in plants in 1996 (Lesham and Haramaty, 1996) and

subsequent investigations have linked its occurrence to a range of physiological processes including
modulation of ethylene and vegetative stress (Lesham and Pinchasov, 2000). Nitric oxide is also involved in
plant cell senescence (Lamattina et al., 2001). Postharvest application of NO has been shown to be effective
in extending the post harvest life of a range of flowers when applied as a short term fumigation treatment at
low concentration (Wills et al., 2000). Nitric oxide has been shown to inhibit ethylene action and synthesis in
plants (Leshem and Wills, 1998), and it has been suggested that NO acts as a natural senescence delaying
plant growth regulator primarily by downregulating ethylene production. Nitric oxide donors have also been
shown to protect a variety of cut flowers from ethylene and dramatically increase the vaselife (Badiyan et al.,
2004). Leshem and Haramaty (1996); found that application of a nitric oxide donor on pea leaves under
senescence-promoting conditions inhibited ethylene production. Nitric oxide treatment extends the
postharvest life of fresh horticultural production (Soegiarto and Wills, 2004). The senescence of flower petals

is associated with a series of highly regulated physiological and biochemical processes (Mayak et al., 1983).
Each postharvest physiological or handling step has a potential to either maintain or decrease the quality

of fresh cut flowers (Goliáˇs and Kobza, 2003), suggesting that nitric oxide has an important role in
enhancing the ability of water absorption and decreasing water loss during the later langeyity stages.

Degradation of cellular structures such as membranes, caused by senescence was related to oxidative
stress (Prochazkova et al., 2001). Nitric oxide, as an antioxidant agent, is able to scavenge ROS, also, as a
signaling molecule, leading to alterations of antioxidative gene expression and thus protects plant cells
damage (Arasimowicz and Floryszak-Wieczorek, 2007). Thidiazuron (TDZ, N -phenyl-N-1,2,3-thiadiazol-5-
ylurea) is a substituted phenylurea compound that is registered for use as a herbicide and defoliant. It has
high cytokinin-like activity.Researchers showed that it was a good substitute for N -benzylaminopurine(BA),
zeatin, and other cytokinins that are commonly used in plant tissue culture, because of its high activity
(Genkov and Iordanka, 1995). TDZ also delayed the onset of leaf senescence in tulips, Chrysanthemums
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(Ferrante et al., 2003) and Pelargonium (Mutui et al., 2005). But Thidiazuron in combination with sucrose
was more effective in delaying senescence of cut inflorescences of phlox and Lupinus and greatly improved
overall postharvest vase life (Sankhla et al., 2005). The vase life of cut stock flowers was delayed by pulse
treatments with TDZ up to 10 days (Ferrante et al., 2005). The mode by which TDZ treatment extends flower
longevity has not been determined, although it may act by regulating cytokinin and/or auxin activity (Mok et
al., 2000). The aim of this work was to study the effect of SNP and TDZ on protein and enzyme activity in the
lilium cut flowers during postharvest.

Materials and Methods

Plant material and treatments
Lilium flowers (Lilium candidum cv. Navona) were picked from shrub growing in commercial

greenhouses, Pakdasht, in the fall of 2012 at a bending sepal stage. They were selected for uniformity of
size and absence of defects and mechanical damage. The cut flowers were then transported to the
laboratory in Zanjan University. The flower stems were trimmed to 45 cm, and all leaves except for the upper
three were removed. Three cut flowers were placed in each of 400 ml beakers including treatments. The cut
flowers were maintained at 19±2°C with natural photoperiods. Flower stems were given pulsing treatment for
24 h with thidiazuron (TDZ) concentrations of 0, 25, 50 μ M.L-1 and sodium nitroprusside (SNP), a nitric oxide
donor with concentrations of 0, 25, 50 and 75 μ M.L-1. After pulsing, the assigned samples of flower stems
were immediately transformed into the beakers with 1% sucrose. Treatments were arranged in a completely
randomized design with 3 replications and analyzed using SPSS. The means were compared by Duncan’s
multiple range test at P≤0.05 and P≤0.01.

Measuring method of flower enzyme activity and proteins changes
Indices and measuring method: Measuring method of protein: protein solution was measured according

to Bradford (1976) by a spectrophotometer Jusco model V-530 of Japan.
Antioxidant enzymes measuring method: enzymes measured in this experiment consisted of catalase

and peroxidase activity in petals of Lilium. To measure these enzymes activity methods provided by Aebi
(1984) and Chance and Maehly (1955) were used. Extraction was performed using sodium phosphate
buffer. In order to measure catalase and peroxidase activity, the absorption rates were read at 240 nm for
one minute and at 470 nm for two minutes, respectively, by spectrophotometer Jusco model V-530 of Japan
was read.

Result and Discussion

TDZ effects on flower protein changes and enzyme activities

This experiment results showed that TDZ treatments had significant effect (P  0.01) on flower catalase

enzyme activity and protein changes but did not affect on flower peroxidase enzyme activity. Use of 50 μ ML
-1

thidiazuron increased flower catalase enzyme activity (Fig.1) and protein changes (Fig.2). With increased
TDZ concentration, increased petals soluble protein. When cut flowers treated with control(distilled water)
had lower petals soluble protein. Thidiazuron maintains the ribosomes structure, which are the location of
protein synthesis, and the RNA at a high level thus increasing protein synthesis. Also thidiazuron retards
plant cells and tissue aging by inhibition of protease activity(Richmond and Lang, 1957). Our results are in
accordance with (Pak and Van Doorn, 2005)  in iris cut flower.

Thidiazuron has high cytokinin-like activity. Cytokinins protect cells from oxidative damage and prevents
oxidation of fatty acids in the membrane (Scandalios, 2005) and prevents lipid oxidation in the membrane
leading to cell death (Srivalli and Khanna-Chopra, 2004). Leaf senescence is associated with the production
of reactive oxygen species(ROS) and cytokinins delay this oxidative process with this adjustment and using
cytokinin increased total protein in rice leaves ( Zavaleta-Mancera et al ,2007). Our results are also similar
with (Ferrante et al, 2009) in (Matthiola incana L.) Cut stock. Woodson and Brant(1991) showed that using
cytokinin enhanced the protein content and antioxidant enzyme activity of plants and flowers and thereby
increased the shelf life of flowers.
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Fig.1. Effect of Thidiazuron on catalase enzyme
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SNP effects on flower protein changes and enzyme activities
Pulse treatments with solutions containing SNP slightly delayed the senescence of cut lilium flowers

compared to controls and slightly increased the flower protein changes and catalase and peroxidase enzyme

activities (P  0.05). The flower petals highest soluble protein was observed at 50 µM L
-1

 SNP-treated

(Fig.3). Nitric oxide has been shown to inhibit ethylene synthesis in plants, protect protien and able to
scavenge ROS (Leshem and wills, 1998). Results of Zhang et al (2007) and Beligni et al (2002) showed that
sodium nitroprusside as a nitric oxide donor increases protein synthesis, m-RNA and enzymes that are
antioxidants. catalase and peroxidase enzyme activities in flower petals was observed at 75 µM L

-1
 SNP-

treated while catalase and peroxidase enzyme activity of in flower petals at the 75µM L
-1

 and 50µM L
-1

 SNP
didn’t show significant difference. (Fig.4). Probably nitric oxide inhibits the activity of protease enzymes
consequently decreasing protein hydrolysis thus flower longevity increases in these plants (Pak and Doorn,
2005).The biological chemistry of nitric oxide is dominated by free-radical reactions and interaction of nitric
oxide whit other free-radical species leads to either inhibition or potentiation of oxidative damage(Abdel-
kader, 2007). One mechanism by which nitrice oxide can inhibit Lipid peroxidation has been postulated to
involve reaction between nitric oxide and Lipid-derved radicals(Robbo et al.,1994). Concentrations of sodium
nitroprusside increased amount of hydrogen peroxide in leaves (Zhu et al, 2008) and protects cells
membrane against reactive oxygen species, whereas high concentrations of hydrogen peroxide reduce
amount of damage to the cell membrane (Tu et al, 2003). Nitric oxide increased catalase and ascorbate
peroxidase activity in carnation cut flowers and plays an important role in the detoxification of hydrogen
peroxide (Zeng et al., 2011). The use of nitric oxide reduced antioxidant enzyme activities from harvest to
senescence frequently in the Gladiolus cut flowers (Panavas and Rubinstein., 1998) and sunflower (Sairam
et al., 2004). Wilting petals of cut flowers in the presence of reactive oxygen species stimulate lipid oxidation
and has been linked to increased levels of malondialdehyde and reactive oxygen species sweep through the
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inhibition of enzyme activity of superoxide dismutase, peroxidase and catalase and reduced ascorbate
peroxidas. Because sodium nitroprusside stimulates antioxidant enzyme activity and prevents the oxidation
of lipids and reactive oxygen species in swept cut flowers increases (Zeng et al, 2011), these results are
quite consistent with recent experimental results.
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TDZ and SNP effects on flower protein changes and enzyme activities
 In the present study TDZ and SNP concentrations significantly (P≤0.5) effect on flower protein changes

and enzyme activities. Treatments with 50 µM L
-1

TDZ with 75 µM L
-1

 SNP were more effective than other
treatments in increasing the flower enzyme activities while enzyme activities in flower petals at the 50µM L

-1

SNP and at the 50µM L
-1

 SNP doesn’t show significant difference (Fig. 5). Treatments with 50 µM L
-1

TDZ
with 50 µM L

-1
 SNP were more effective than other treatments in increasing the flower protein (Fig. 6). Using

thidiazuron and sodium nitroprusside in combination increased the protein content of petals as it did the use
of them separately. The results of the combination of these two traits have more effect on them, hence
causes the increase in the catalase and peroxidase activity of petals and dramatic changes in the protein.

Cytokinins treated with nitric acid plants, expression and redoctase enzyme activity stimulates nitric acid
(Planchet et al, 2006) and has led to increased nitric oxide production in plants (Tun et al, 2001). Because
increase can be attributed to the resonance effect of the two substances, which has been separately shown
in the main effects of each.
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Fig.5. Effect of TDZ and SNP on catalas and proxidas

enzymes activity in Lilium flower during postharvest
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Conclusion

Finally, it was concluded that treatment whit NO and TDZ increased flower protein and enzyme
activities. It was observed that, treating with NO and TDZ at a 50 μ Mol.L

-1
 concentration and 50 μ M.L-1 TDZ

with 50 μ ML-1 SNP had the best effect on parameters. It was suggested that NO and TDZ flower longevity
decreases ethylene production.
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