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Abstract

Nitric oxide (NO*) and Thidiazuron (TDZ) have been shown to extend the postharvest life
of a range of flowers possibly by down regulating ethylene production, delaying leaf
yellowing and senescence. In this research the effect of sodium nitroprusside (SNP), as
nitric oxide donor and thidiazuron on chlorophyll and anthocyanin content during
postharvest of cut Rosa flower was evaluated. Flowers were treated for 24- h at 0, 20,
40µmol L

-1
 TDZ and 0, 20, 40, 60 µmol L

-1
 SNP and then held in the solution include 8-

HQS at 300ppm combination with 1% sucrose. Experimental results show that treating
Rosa flowers with NO and TDZ at a 40µmol L

-1
concentration and 40µM TDZ with 40µM

SNP of appeared to decrease leaf yellowing and senescence of flowers. SNP at 60µmol L
-

1
 harmed the flowers. Treatment of cut flowers with SNP and TDZ had no effect on

anthocyanin content. It was suggested that NO and TDZ inhibited chlorophyll
degradation by decreasing ethylene production.
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Introduction

Rose (Rosa hybirida), of the family of Rosaceae, Rose is prominent in agricultural industry and most
people like this flower. Vase life of cut rose flowers is usually short. Cut flowers wilt, floral axis becomes bent
(bent-neck) just below the flower head and leaf yellows (Elgimabi and Ahmed, 2009). Leaf yellowing is a
form of leaf senescence that regulated highly programmed and genetically (Buchanan-Wollaston et al.,
2003). Leaf yellowing can be induced by many factors including pathogens, abiotic stresses, mechanical
damage and harvesting. Ornamental plants may be more or less sensitive to leaf yellowing depending on the
species and cultivars (Ferrante et al., 2002). Nitric oxide is one of the materials that can regulate chlorophyll
content and it acts as a signaling molecule in plants (Delledonne, 2005). Interest in the use of nitric oxide gas
as a means of extending the postharvest life of horticultural commodities is one of the recent origins. NO was
first characterized in plants in 1996 (Leshem et al., 1996). Subsequent investigations have linked its
occurrence to a range of physiological processes including modulation of endogenous ethylene and
vegetative stress (Leshem et al., 2000), water loss (Ku et al., 2000), anthocyanin biosynthesis and
chlorophyll production (Laxalt et al., 1998).

Studies show that ON inhibited chlorophyll degradation. The NO treatment delayed yellowing and
retarded the onset of chlorophyll degradation in the broccoli florets (Brassica oleracea L. var. Italica). NO-
treated florets maintained chlorophyll levels and decreased lipid peroxidation (Lan Eum et al, 2009).
Treatment of Arabidopsis thaliana leaves with SNP slowed dark-induced senescence and chlorophyll loss of
leaves retained 43% with SNP treatment compared with 9% without treatment (Guo and Crawford. 2005).
Application of SNP, NO donor, could significantly improve the growth and chlorophyll content of canola
plants (Kazemi et al, 2010). NO has been shown to increase Fe accumulation and availability and can
increase chlorophyll levels in corn plants grown under limiting Fe (Graziano et al., 2002; Murgia et al., 2002;
Graziano and Lamattina, 2005).
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Thidiazuron (TDZ, N-phenyl-N’- 1,2,3-thiadiazol-5-ylurea), a substituted phenyl urea with powerful
cytokinin-like activity, has been reported to be very effective in preventing leaf yellowing and retarding
chlorophyll degradation in Alestromeria cut flowers (Ferrante et al., 2002a), cut tulips and cut
chrysanthemum (Ferrante et al., 2003). Researchers discovered that it was a good substitute for N6-
benzylaminopurine (BA), zeatin, and other cytokinins that are commonly used in plant tissue culture,
because of its high activity (Genkov and Iordanka, 1995). TDZ increased leaf hue values and decreased leaf
chroma values because TDZ- treated leaves remained green in five cultivar pelargonium cutting and TDZ
treated leaves had high chloroghyll content while levels declined in the untreated controls (Mutui et al.,
2005). Cytokinins reduce leaf yellowing in ornamental plants (Mutui et al., 2007) because they are involved
in chlorophyll biosynthesis (Zavaleta- Mancera et al., 2007). In some cut flowers the lack of cytokinins
induced by the harvest may be the main cause of leaf yellowing. In fact, exogenous applications of
cytokinins can greatly delay leaf discoloration (Jordi et al., 1995). Leaf yellowing can be also delayed either
by a continuous treatment with 1 μ M Thidiazuron or by a pulse treatment for 24 h with 10 μ M TDZ (Ferrante
et al., 2002). Treatments with TDZ were able to inhibit or delay chlorophyll degradation in cut stock flowers in
light conditions (Ferrante et al., 2009). Analogous results have been obtained in studies of other cut flowers
such as alstroemeria, tulips and chrysanthemum (Ferrante et al., 2002, Ferrante et al., 2003).

Anthocyanins are the largest group of water-soluble pigments in the plant kingdom and belong to the
family of compounds known as flavonoids. Anthocyanins are responsible for most of the red, blue, and
purple colors of fruits, vegetables, flowers, and other plant tissues or products. Several studies have shown
that anthocyanins display antioxidant activity (Mazza, 2007). Treatment with NO solution inhibited the
increase of red color, reduced total anthocyanin content  in jujube fruits (Zhu et al., 2009), Similar changes of
anthocyanins have been reported for blackberries (Perkins Veazie & Collins, 2002) and strawberries during
storage (Zheng et al, 2007). Lan Eum et al.,(2009) showed that the nitric oxide (NO) treatment on tomato
fruits depressed lycopene development compared to untreated fruit, These results indicated that NO could
reduce the red color development and delay the ripening from reduce ethylene production.

Treatments with TDZ were performed for induction of anthocyanins accumulation. The effect of
cytokinins on flavonoids pathway and anthocyanins accumulation was well demonstrated in Arabidopsis
plants (Deikman and Hammer 1999, Wade et al. 2003). Treatments with BA applied to Arabidopsis
increased the mRNA accumulation of chalcone synthase, a key enzyme of anthocyanins biosynthesis, as
soon as after 2 h (Deikman and Hammer 1999).
The aim of this work was to study the effect of SNP and TDZ on changes of flower pigments during
postharvest flower and senescence.

Materials and Methods

Plant material and treatments
Rosa flowers cultivar ‘Sensiro’ were picked from shrub growing in commercial greenhouses,

Pakdasht, in the fall of 2011 at a bending sepal stage. They were selected for uniformity of size and freedom
from defects and mechanical damage. The cut flowers were then transported to the laboratory in Zanjan
University and used for experiment. 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, 20, 40 μ M.L-1 and sodium nitroprusside
(SNP), a nitric oxide donor with concentrations of 0, 20, 40 and 60 μ M.L-1. After pulsing, the assigned
samples of flower stems were immediately transferred into the beakers with 300 ppm 8-HQS and 1%
sucrose. Treatments were arranged in a completely randomized design with 3 replications and analyzed
using MSTAT-C. The means were compared by Duncan’s multiple range tests at P≤0.05.

Chlorophyll Determination
Measurement of chlorophyll content was carried out by Arnon (1949) method and measurement of the

absorption at 663 and 645 nm with spectrophotometer set (model: shimadzu UV –160A). Chl a, Chl b and
total chlorophyll were then calculated using the flowing equation:
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Anthocyanin Determination
Total anthocyanin content was determined using a methanol and 1%HCl (Bariola et al., 1999). Petals were
cut into small pieces, ground to an even consistency in 5 ml 1% HCl in methanol, and kept at 4°C in the dark
for a day. The absorbance of the solution, after suitable dilution, was measured at 530 and 657nm with
spectrophotometer set (model: shimadzu UV –160A). Total anthocyanin was then calculated using the
flowing equation:

RESULTS AND DISCUSSION

TDZ effects on of chlorophyll and anthocyanin content in the Rosa flowers

This experiment results show that TDZ treatments had significant effeciency (P  0.05) on chlorophyll a,

b and total chlorophyll but not on anthocyanin content. Use of Thidiazuron increased chlorophyll content
(Figure1). While increased TDZ concentrations reduced chlorophyll degradation. Solution 40 μ ML

-1
 TDZ had

higher chlorophyll a, b and total chlorophyll.The flowers held in a solution without TDZ had lower chlorophyll
content. Role of TDZ at delay floral senescence was associated with a prevention of yellowing of sheath
leaves (Macnish et al., 2010) the benefits of TDZ treatment may be due to maintenance or improved
carbohydrate supply from leaves to floral organs necessary for maintaining flower metabolism (Reid et al.,
2002). Further research directed at quantifying the effects of TDZ treatment on proteolytic enzyme and
photosynthetic activity may help to define its beneficial role in delaying iris flower senescence. Evidence
suggests that TDZ can regulate endogenous cytokinin biosynthesis and/or metabolism (Mok et al., 2000).
Treatment of cut carnation and rose flowers with the synthetic cytokinins, BA or kinetin, can delay flower
senescence by reducing rates of ethylene biosynthesis and response (Eisinger, 1977; Mayak and Halevy,
1974). Sankhla et al. (2003, 2005) showed that TDZ treatment could also delay ethylene-mediated floral
organ abscission and senescence in phlox and lupin. Thus, TDZ treatment, by reducing ethylene production,
maintains chlorophyll content in the rosa floweres. This experiment results are in agreement with (Macnish et
al., 2010; Mutui et al., 2005; Ferrante et al., 2009).

Figure 1. Effect of thidiazuron on chlorophyll content in Rosa flower during postharvest.

SNP effects on of chlorophyll and anthocyanin content in the Rosa flowers

SNP treatments had significant effects on the chlorophyll content of leaf Rosa flowers (P 0.05).  Figure

(2) shows the chlorophyll relative content of Rosa leaf treated with different SNP concentrations. SNP
concentrations ranging from 40μ M to 60 μ M had a significant effect in maintaining the chlorophyll a and total
with a maximum effect at 40μ M. Treatment cut Rosa flowers with 40μ M SNP was increased chlorophyll b in
compared with other treatments. Chlorophyll degradation was increased in the control. ON inhibited
chlorophyll degradation, nevertheless, high levels of exogenous NO are toxic and induced leaf senescence
while lowe levels of NO delayed it (Selçukcam and Cevahir., 2008). The mechanism through which NO may
counteract plant senescence could be also related to the ability of this molecule to interrupt the chain
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reactions leading to lipid peroxidation and preservation of photosynthetic pigments by a direct positive effect
on chlorophyll biosynthesis (Jasid et al., 2009), suggested that NO similar to TDZ acts as a natural
senescence delaying plant growth regulator primarily by down regulating ethylene production. This
experiment results are similar with that of (Lan Eum et al, 2009; Guo and Crawford. 2005; Kazemi et al,
2010). It was found that SNP concentrations had no effect on the preservation of anthocyanin content.

Figure 2. Effect of nitric oxide on chlorophyll content in Rosa flower during postharvest.

TDZ and SNP effects on of chlorophyll and anthocyanin content in the Rosa flowers
In the present study, TDZ and SNP concentrations significantly (P≤0.5) inhibited the chlorophyll

degradation (Figure 3). Pulse treatments with 40 μ M.L
-1

 TDZ plus 40 μ M.L
-1

 SNP and 20μ M.L
-1

 TDZ plus 40
μ M.L

-1
 SNP reduced leaf yellowing compared to the other treatments. Treatment of Rosa flowers with TDZ

and SNP was increased loses of chlorophyll content. Chernyad’ev (1994) demonstrated that spray
application of TDZ and BAP increased the photosynthetic rate and activities of key photosynthetic enzymes
in sugar beet, pea, meadow fescue and red fescue. TDZ also retards leaf yellowing in a range of other cut
flowers (lilies, stock, tulip, and iris) and potted flowering plants poinsettia and miniature roses (Ferrant et al.,
2002). Application of SNP, significantly improved the growth and chlorophyll content of canola plants
(Kazemi et al, 2010) and sunflower (Laspina et al., 2005). It has been reported that degradation of
chlorophyll was induced mainly by ROS. However, NO may effectively reduce the level of ROS generated
during postharvest (Singh et al., 2008). TDZ and SNP decreased chlorophyll degradation by inhibit ethylene
production.

Figure 3. Effect of Thidiazuron and nitric oxide on chlorophyll content in Rosa flower during postharvest.

Conclusion

Finally, it was concluded that treatment with NO and TDZ delayed the chlorophyll degradation, but
had no effect on total anthocyanin content. It was observed that, treating with NO and TDZ at a 40 μ Mol.L

-1
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concentration and 40 μ M.L-1 TDZ with 40 μ ML-1 SNP decreased leaf yellowing and maintain chlorophyll
content in the cut flowers. SNP in 60 μ Mol.L

-1
 harmed the flowers. It was suggested that NO and TDZ

inhibited chlorophyll degradation by decreasing ethylene production.
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