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ABSTRACT

The effect of exogenous salicylic acid (SA) on the vase life of cut rose flowers
was investigated. ‘Yellow Isand’ roses were obtained from a commercial grower.
The roses were pulse treated with SA (0, 50, 100, 150, 200 mg |%) for 18 hours. Com-
pared to the control treatment (DW), the greatest delay in senescence was obtained in
cut roses treated with 150 mg 1" SA. With this treatment, flower vase life was dou-
bled. The physiological characteristics such as protein concentration, lipid peroxida-
tion (MDA) level and enzyme activity such as lipoxygenase (LOX), superoxide dis-
mutase (SOD) and peroxidase (POD) were measured only in the control (DW) and
those kept in a solution of 150 mg I salicylic acid (SA) for over 8 days of vase life.
Degradation of protein and accumulation of MDA during vase life was shown to be
suppressed by 150 mg I SA. The activity of LOX and POD gradually increased with
progressing flower senescence, while SOD activity declined. The flowers which had
been pulsed with SA exhibited lower LOX and POD activity, and a higher activity of
SOD. Overall, the results suggest that SA increases vase life by improving the anti-
oxidant system and reducing oxidative stress damages during rose flower senescence.
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INTRODUCTION

The rose undoubtedly remains
the queen of the cut flowers. Most of
the commercial cut roses will easily
last in a vase for 10 days. Unfortu-
nately, many consumers consider
roses to have a very short vase life.
This is partly because of the poor
water uptake by certain cultivars that
often results in the ‘bent neck’ style
(Reid, 2002). Furthermore, many
commercial cultivars are quite sensi-
tive to ethylene gas, therefore, ap-
propriate pre-treatment of those sen-
sitive cultivars with ethylene inhibi-
tors, especialy if they are to be sold
in supermarkets or other ethylene
polluted areas, could be helpful
(Reid, 2002).

Petals senescence commonly is
accompanied by morphological, bio-
chemical and biophysical deteriora-
tion. Declining protein content, lipid
fluidity in membranes, and an in-
crease in protease activity are what
make up the deterioration (Arora et
al., 2007). Furthermore, it was also
confirmed that reactive oxygen spe-
cies (ROYS) is involved in plant tis-
sues (Dhindsa et a., 1981). Activated
oxygen species (AOS) such as O, or
H,0O, and their interaction product,
hydroxyl radical (OH) degrade pro-
teins, lipids and nucleic acids lead to
senescence (Thompson et al., 1987;
Arora et a., 2007). Oxidative stress
arises from an imbalance in genera-
tion and metabolism of ROS, i.e
more ROS are being produced than
metabolized (Neill et a., 2002).
Plants possess a well-defined enzy-
matic antioxidant defence system to
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protect themselves against these
deleterious effects by scavenging
ROS. Membrane breaks down and
ethylene biosynthesis, which appears
to be closdly linked, seemsto involve
free radicals (Paulin et al., 1986).
According to Mayak and Adam,
(1984) superoxide anions (02°) that
are produced during the senescence
of carnation petals, induce the degra-
dation of phospholipids. The fatty
acids released by this breakdown are
then peroxidized, which in turn af-
fects membrane permeability. This
membrane deterioration is a prereg-
uisite for ethylene synthesis (Van
Doorn and Stead, 1994). The role of
oxidative stress during petal senes-
cence in rose was also investigated
by Kumar et al. (2008). They sug-
gested that an increase in endoge-
nous H,O: levels and a decrease in
anti-oxidant enzyme activities, may
be partly responsible for initiating
senescence in rose petals.

The use of a preservation solu-
tion is considered a common practice
for delaying senescence and extend-
ing flower vase life. These treatments
control ethylene synthesis, pathogen
development, maintenance of hydric
and respiration balance, and contrib-
ute to colour conservation (Halevy
and Mayak, 1981). For these reasons,
many floral preservation solutions
contain germicides, ethylene synthe-
sis inhibitors, growth regulators,
some mineral compounds, and car-
bohydrates that are essential for ex-
tending the vase life of cut flowers
(Halevy and Mayak, 1981).

Earlier experiments carried out
by Ezhilmathi (2001), showed that 5-
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sulfosalicylic acid as salicylate de-
rivatives in vase solution was most
effective in extending flower vase
life of cut gladiolus. Salicylates in-
creased vase life by increasing ROS
scavenging activity of the gladiolus
cut flowers (Ezhilmathi et d., 2007).

Senescence of rose flower budsis
still not completely understood. In
order to understand petal senescence,
it is important to explore the mecha
nisms of oxidative stress manage-
ment. In this study, the levels of en-
dogenous antioxidant enzymes and
other physiological characteristics
during senescence of rose flowers
pulsed with salicylic acid, was inves-
tigated.

MATERIAL AND METHODS

Plant material and treatments
Flower stems of the yellow rose
(Rosa hybrida), 'Y ellow Idland’ were
used. Flower were obtained from
acommercial market and transferred
immediately to the laboratory. The
experiments were caried out the same
day. The flower sems were re-cut
under water to a uniform length of
30 cm. They were placed in holding
solutions containing salicylic acid
(SA) (0, 50, 100, 150, 200 mg ™)
plus 200 mg I"* 8- hydroxyquinoline
sul phate (8-HQS) and 30 g | * sucrose
at a temperature of 20 °C (x1 °C),
under a 16:8 h light/dark cycle (ir-
radiance 25 W m? and 60+5% RH
for 18 hours. The control flowers
were kept in distilled water (DW).

Evaluation
The flowers were considered se-
nescent when showing at least one of
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the following symptoms of senes-
cence: wilting of leaves or flowers,
neck bending and incomplete bud
opening (Ketsa and Sribunma, 1985).
Physiological characteristics such as
protein concentration and lipid per-
oxidation (MDA) levels and enzyme
activity such as lipoxygenase (LOX),
superoxide dismutase (SOD) and
peroxidase (POD) were determined
after 2, 4, 6 and 8 days of treatment.
The protein concentration of the su-
pernatant was edimated using the
method of Bradford (1976). The ab-
sorbance of blue colour was read a
595 nm using UV-visible spectro-
photometer model PG Instrument
+80, England. The amount of pro-
tein was quantified by using a stan-
dard curve and result were ex-
pressed as mg protein per g fresh
weight of petals.

Lipid peroxidation was carried
out by the method of Bates et d.
(1973). Petal samples (0.25 g) were
homogenized in 1 ml 0.1% tri-
chloroacetic acid (TCA). The ho-
mogenate was centrifuged at 14000 g
for 15 min, and then 500 pl of super-
natant was added 500 pl 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
10000 g for 10 min, the absorbance
of the supernatant was recorded at
532 nm. The MDA content was cal-
culated according to its extinction
coefficient of 155 Mm cm™.

Enzyme extract for LOX, SOD
and POD activity was prepared by
first freezing a weighed amount of
petal tissue (0.5 g) in liquid nitrogen
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followed by grinding with 10 ml
extraction buffer (50 mM phosphate
buffer, pH 7 containing 0.5 mM
EDTA and 2% PVPP [w/v] ). Ho-
mogenate was centrifuged for 20 min
at 15,000 g, and the supernatant was
used to determine enzyme activity.
LOX activity was estimated ac-
cording to the method of Bonnet and
Crouzet (1977) with some modifica-
tion. The substrate solution was pre-
pared by adding 10 pl linoleic acid to
4 ml ditilled water containing 5 pl
Tween-20. The solution was kept at
pH 9.0 by adding 1 ml NaOH 0.2 M
until all the linoleic acid was dis-
solved and the pH remained stable,
and the total volume was adjusted to
25 ml. LOX activity was determined
spectrophotometrically by adding
20yl of enzyme extract to 80 pl
linoleic acid substrate and 900 ul
phosphate buffer solution (50 Mm,
pH = 7). Absorbance was read at
234 nm, and the activity was ex-
pressed as unit per mg fresh weight.
SOD activity was estimated by
recording the decrease in absorbance
of nitro-blue tetrazolium dye
(Dhindsa et a., 1981). Three ml of
the reaction mixture contained
13mM methionine, 25mM nitro-
blue tetrazolium chloride (NBT),
0.1 mM EDTA, 50 mM phosphate
buffer (pH 7.8), 50 mM sodium car-
bonate and 0.1 ml enzyme. The reac-
tion was started by adding 2| M ribo-
flavin and placing the tubes under
two 15 W fluorescent lamps for
15 min. The complete reaction mix-
ture without enzyme, which yielded
maximal colour, acted as the control.
The reaction was stopped by switch-
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ing off the light and putting the tubes
in the dark. A non-irradiated reaction
mixture served as a blank. The activ-
ity is expressed as units per mg fresh
weight.

POD activity was assayed by
measuring spectrophotometricaly the
formation of guaiacol in | ml reaction
mixture of 450 pl 25 mM guaiacal,
450 pl 225 mM H,O,and 100 pl crude
enzyme. The activity is expressed as
units per mg fresh weight.

Statistical analysis

The recorded data were statisti-
cally anayzed (ANOVA analysis)
using the software of SAS. Sources
of variation were different concentra-
tions of salicylic acid and develop-
mental stages. Means were compared
with the LSD test at p < 0.05.

RESULTS AND DISCUSSION

Based on senescence symptoms,
the solutions containing salicylic acid
gave a longer vase life for cut roses
than the control treatment (Fig. 1).
Cut roses that were pulsed for
18 hours in the solution containing
30 g I'* sucrose, 200 mg I'* 8- hy-
droxyquinoline sulphate (8-HQS)
and 150mg|™* sdicylic acid had
amaximum vase life of 11 days. Cut
roses in the control treatment had
avase life of only 5 days (Fig. 1 and
2). However, cut roses pulsed with
solutions containing 100 and 200 mg
I (together with 30 g I sucrose
together and 200 mg I™*) 8-HQS were
not significantly different from those
treated with 150 mg 1* (Fig. 1).
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Figure 1. Effect of different saicylic acid (SA) concentrations on the vase life of ‘Yellow

Idland’ cut rose flowers
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Figure 2. Effect of exogenous salicylic acid (SA) on vase life of *Yellow Island’ cut
rose flowers after 9 days. The number at the top of the picture indicates the concentra-

tions of SA

Therefore, for the maximum vase
life, ‘Yellow Island’ cut roses should

be pulsed in the solution of 150 mg 1™
SA for 18 hours.

Previous reports showed that
most flowers can produce ethylene
and ethylene shortens vase life
(Ketsa and Sribunma, 1985). Sali-
cylic acid might delay senescence by
inhibiting ethylene synthesis with
ACC oxidase activity (Bueno and
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Del Rio, 1992). Furthermore, earlier
experiments carried out by Ezhil-
mathi (2001) showed that 5-
sulfosalicylic acid as a salicylate
derivatives in a vase solution was
most effective in extending flower
vase life of cut gladiolus. Salicy-
lates increased vase life of gladio-
lus cut flowers by increasing ROS
scavenging activity (Ezhilmathi
et a., 2007).
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Figure 3. Effect of salicylic acid (SA) on protein content in *Yellow Island’ cut rose

flowers

The data on the effect of SA on
protein concentration of petals is
shown in Figure 3. The protein con-
centration decreased significantly
with the onset of senescence in flow-
ers kept ether in didilled water
(DW) or in a SA solution. The pro-
tein concentration of flowers held in
SA was over 8 days of vase life
higher than the control. Petal senes-
cence has invariably been associated
with the loss of protein (Kenis et a.,
1985; Van Doorn and Stead, 1994).
The protein concentration of petalsin
cut daylily flowers rapidly decreased
due to little de novo synthesis and
considerable protein degradation (Lay-
Yee et d., 1992). Protein degradation
is an important feature of the disman-
ting of membranes (Woolhouse,
1984). It is likely that the progressive
destabilization of membrane bilayer
accompanying senescence may be
due to loss of membrane protein
function (Thompson, 1974).
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Lipid peroxidation (MDA) con-
centration rapidly increased for up to
4 days in distilled water (DW) and
salicylic acid (SA) treatments, but
declined thereafter (Fig. 4). The SA
treated flowers maintained a signifi-
cantly lower level of MDA for up to
4 days, and thereafter there was no
significant difference between the
treated and untreated flowers. Since
lipid peroxidation is mediated by
ROS (Arora et a., 2007), SA may
either be directly scavenging ROS
and thus decreasing lipid peroxida-
tion, or it may be modulating the
activity of antioxidant enzymes (Ez-
hilmathi et al., 2007).

Lipoxygenase activity (LOX) ac-
tivity dlightly increased in the control
and SA treated flowers. The treat-
ment with SA caused reduction in
LOX activity in comparison to the
control for up to 8 days of vase life
(Fig. 5). Senescing plant tissue ex-
periences an increase in LOX activity,
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Figure 4. Effect of salicylic acid (SA) on MDA content in ‘Yellow Island’ cut rose

flowers
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Figure 5. Effect of salicylic acid (SA) on lipoxygenase (LOX) activity in ‘Yellow

Isand’ cut rose flowers

which promotes the process of mem-
brane polyunsaturated fatty acid per-
oxidation (Lynch and Thompson,
1984). In the present study, the LOX
activity was found to increase gradu-
aly after harvest. Similar results
were observed in tulips (Jones and
McConchie, 1995) and gladiolus
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(Ezhilmathi et al., 2007). An increase
in LOX activity has been correlated
with an increase in cell membrane
permesbility and senescence in daylily
(Panavas and Rubingtein, 1998) and
rose (Fukuchi-Mizutani et d., 2000).
Superoxide dismutase (SOD) ac-
tivity increased initially up to 4 days
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Figure 6. Effect of salicylic acid (SA) on superoxide dismutase (SOD) activity in

‘Yellow Idland’ cut rose flowers
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Figure 7. Effect of sdicylic acid (SA) on peroxidase (POD) activity in‘Ydlow Idand’

cut rose flowers

and thereafter declined in distilled
water (DW), but in SA pulsed flow-
ers SOD activity significantly de-
creased after 8 days of vase life. The
results also showed that SA treated
flowers showed significantly higher
SOD activity compared to the control
for 8 days of vase life (Fig. 6). Vari-
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ous studies have demonstrated that
vase life of flowers is modulated by
antioxidants (Baker et al., 1978),
suggesting the involvement of ROS
in senescence. Prochazkova et al.
(2001) have reported the participa-
tion of ROS in plant senescence. In
the present study SOD activity de-
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clined during the vase life of the
flowers. These results are consistent
with the pattern of SOD activity dur-
ing senescence in carnation petals
(Ezhilmathi et a., 2007). Similar
results have been reported in carna
tion petas (Sylvestre et al., 1989)
and daylily (Panavas and Rubinstein,
1998), athough in both cases the
changes occur rather later in the pro-
gression of senescence.

Peroxidase (POD) activity in-
creased significantly both in distilled
water (DW) and SA pulse flowers,
for 8 days. The results aso showed
that SA pulsed flowers showed sig-
nificantly lower POD activity com-
pared to the control (Fig. 7). An in-
crease in POD activity in petals may
strengthen vascular cells, which re-
main functional during the later stage
of senescence (Panavas and Rubin-
stein, 1998). These results and ours
indicated that POD is involved in the
senescence of gladiolus because it
catalyzes the decomposition H,0,.
POD enzyme uses H,O, as a sub-
strate for several reactions and its
specific activity increases in both
carnation (Bartoli et al., 1995) and
daylily (Panavas and Rubinstein,
1998) during senescence. Different
studies have shown that flower vase
life is modulated by antioxidant
(Baker et d., 1978), due to involve-
ment of ROS in wilting.

In conclusion, salicylic acid en-
hanced the vase life of ‘Yellow Is-
land’ roses by maintaining a higher
activity of SOD enzyme and reduc-
ing oxidative stress damages such as
lipid peroxidation, LOX activity
during flower senescence of cut rose.
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WPLYW KWASU SALICYLOWEGO NA AKTYWNOSC
ENZYMOW OKSYDACYJINYCH ORAZ STARZENIE SIE
PLATKOW CIETEJROZY ‘YELLOW ISLAND’

Somayeh Gerailoo i Mahmood Ghasemnezhad

STRESZCZENIE

Badanie miato na celu okreslenie wptywu egzogennego kwasu salicylowego (SA)
na kwiaty cietej rézy. Roze ‘Yellow Island’ pochodzace od hodowcy komercyjnego
traktowane byly w sposdb pulsacyjny kwasem salicylowym (0, 50, 100, 150,
200 mg 1™ przez 18 godzin. W poréwnaniu z grupa kontrolna (DW) najwicksze
opdznienie w procesie starzenia, i dwukrotne wydtuzenie zywotnosci kwiatdw po ich
$cieciu, wykazaty réze traktowane 150 mg I" SA. Fizjologiczne cechy, takie jak ste-
zenie biaek, poziom utlenienialipidéw (MDA) i aktywno$¢ enzymow — lipoksygena-
zy (LOX), dysmutazy ponadtlenkowej (SOD) i peroksydazy (POD) byty oznaczone
jedynie w grupie kontrolnegj (DW) oraz u roslin trzymanych w 150 mg I roztworze
kwasu salicylowego (SA) przez ponad 8 dni po zbiorze. Rozpad biatek i gromadzenie
sie¢ MDA po scigciu zostaly zahamowane po zastosowaniu 150 mg I+ SA. Aktywnosé
LOX i POD stopniowo zwickszyta si¢ wraz z poste pujacym starzeniem sie kwiatow,
podczas gdy aktywnos¢ SOD sie¢ zmnigjszyta. Kwiaty traktowane pulsacyjnie SA
wykazaty nizsza aktywnos¢ LOX i POD, natomiast wyzsza SOD. Wyniki wskazuja,
ze SA przediuza zywotnosé kwiatdw po ich zbiorze wzmacniajac dziatanie przeciwu-
tleniaczy i redukujac stres oksydacyjny w czasie starzenia si¢ kwiatow rozy.

Stowa kluczowe: stres oksydacyjny, kwas salicylowy, starzenie si¢ kwiatéw, utlenia-
nie lipidéw, lipoksygenaza
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