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Extending the flower vase life is very important in the floriculture industry. In
present study, the effectiveness of chitosan and salicylic acid nanoparticles in delaying
of the senescence of cut roses was evaluated. Experiments were performed in a
completely randomized design with 9 treatments in six repetitions, and the treatments
were applied by petal spraying every three days. Chitosan nanoparticles with two
concentrations (0.1 and 0.5 mg L") and SA with two concentrations (0.1 and 0.3
mM) on the postharvest quality of cut roses were tested. Biochemical and enzymatic
traits were measured during a period of 15 days (1, 4, 7, 11, 15 days after harvest),
whereas, the vase life, RWU and electrolyte leakage were recorded till the end of
flowers vase life. The maximum vase life (17.8 days) observed in flowers subjected
to foliar spraying of 0.5 mg L' of chitosan nanoparticles with 0.3 mM salicylic acid,
while shortest flower longevity (13.5 days) obtained in untreated flowers. Also, the
amount of relative solution uptake of flowers and flavonoid content with significant
increase were observed in 0.5 mg L' chitosan nanoparticles with 0.3 mM salicylic
acid treatment. Treatments containing chitosan nanoparticles, especially the combined
treatment of 0.5 mg L' of chitosan nanoparticles with 0.3 mM SA, reduced the amount
of electrolyte leakage of the petals and increasing the vase life. Moreover, the lowest
activity of antioxidant enzymes including GPX, PPO, POD and hydrogen peroxide
were observed in flowers sprayed with 0.5 mg L' chitosan nanoparticles + 0.3 mM SA.
Among chitosan nanoparticle treatments, the longest vase life was related to 0.5 mg L!
(15 days), which increased flowers vase life by 11% compared to the control. Between
SA treatments, the concentration of 0.3 mM was the most effective with a 6% increase
in flowers vase life comparing untreated flowers. Finally, the combined treatments
of chitosan nanoparticles and SA beside improving postharvest quality of cut roses,
caused a 31% increase in flower longevity comparing untreated flowers.
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INTRODUCTION

Rose from Rosaceae family is considered as the most important cut flower in the world.
The export value of this cut flower in the floriculture industry of the world is about 11 billion
dollars (Chalabi and Nasreen Khalil, 2013). Cut roses are the most important cut flowers from
the economic point of view. Rose cut flowers are sensitive to water stress under postharvest
adverse conditions and often lose rapidly their marketability as well as their beauty value under
such conditions (In ef al., 2016). Postharvest technology is able to increase the lifespan of cut
flowers (Scariot et al., 2014). The vase life of cut roses is determined by many factors, including
water relations (Doi et al., 2000; Hassan et al., 2020; In et al., 2017). Therefore, increasing the
vase life of cut flowers through proper management and care after harvesting is important from a
commercial and economic point of view. In this regard, the lack of nutrients, bacterial and fungal
contamination, wilting caused by water stress and blockage of vessels are considered to be the
main factors that shorten the life of cut flowers. By using techniques to delay the senescence of
cut flowers, the marketability of cut flowers can be significantly increased because the posthar-
vest life is a vital and important factor for cut flowers. In this regard, to increase the longevity
of cut flowers, a suitable preservative solution should be used (Parween and Gupta, 2022). Vari-
ous postharvest treatments using growth regulators, sugars, signaling molecules and substances
such as salicylic acid can inhibit post-harvest senescence and increase the postharvest life of the
flower (Zulfiqar et al., 2020).

The pre-harvest life of cut flowers depends on various factors such as environment,
genetics, handling systems and harvesting time, however, the postharvest life is determined
by the water relations, microorganism’s infections, storage conditions and packaging methods.
Microbes have the ability to grow rapidly and settle at the ends of the cut stems after harvesting
the flowers, which results in the blockage of the xylem vessels. Due to microbial blockage, the
water absorption via stems is disturbed and ultimately causes water imbalance and unwanted
wilting of cut flowers (He ef al., 2018). Therefore, to prevent or slowing senescence process
in cut flowers, preventing microbial blockage is considered a useful approach to increase post-
harvest quality of cut flowers. The use of different chemicals, including silver nitrate, silver
thiosulfate, silver nanoparticles, calcium and hydrogen gas, was used in the past to increase the
longevity of cut flowers (Ahmad et al., 2016; Alimoradi ef al., 2013; Bai et al., 2009). However,
the high cost of these chemicals and their hazards on the environment and human health have
caused the attention of researchers to change to the use of environmentally friendly agents.

The use of nanoparticles plays an important role in postharvest management of horti-
cultural products and plant protection due to their biocidal properties. For instance, in gerbera
cut flowers, the floral preservative solution containing silver nanoparticles with antimicrobial
activity increased their postharvest life (Solgi et al., 2009). Previous studies have shown that
the use of different antimicrobial compounds can increase the life of cut flowers. The process of
petal senescence is very complex and includes physiological and biochemical changes such as
changes in the permeability of cell membranes, which lead to loss of color, wilting and finally
senescence of petals (Arora and Singh, 2004). During the last decade, nanotechnology has made
significant progress and various types of nanoparticles have been synthesized and introduced in
different laboratories, and with the increase in the use of nanoparticles in various industrial and
research sectors, studies on the applications of nanoparticles in the field of agriculture. Also, the
interaction of plants and nanoparticles, the impact of nanoparticles on the environment, food
chain and human health have been the focus of researchers all over the world (Ioannou et al.,
2020).

Chitosan is a valuable biopolymer with many remarkable properties. This composition is
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compatible with plants and has antioxidant, antiperspirant and antimicrobial properties. Also, it is a
biodegradable and economic compound that is obtained from the skin of animals such as crabs and
shrimps. In ornamental plants, chitosan has been used as an antitrannspirant compound to increase
the longevity of cut flowers (Bafiuelos-Herndndez et al., 2017). Based on research, compounds
containing chitosan called chito-oligosaccharide (COS) by improving the water absorption capacity
of roses increased the vase life up to 6.4 days comparing control.

These compounds, while increasing the activity of antioxidant enzymes such as
glutathione reductase, have improved the amount of glutathione in cut rose petals, so they
are recommended as a commercial protective solution to increase the lifespan of cut roses
(Hong-Juan and Huan- Qing, 2015). The use of chitosan or its derivatives increase the quality
and postharvest life of various horticultural crops due to its germicidal properties and also by
stimulating the defense mechanism of plant tissues (Terry and Joyce, 2004).

Salicylic acid (SA) as a plant growth regulator causes many physiological and
biochemical effects in plants. Meanwhile, salicylic acid delays senescence process in cut flowers
by increasing the activity of antioxidant enzymes and strengthening the cellular antioxidant
system (Armitage and Laushman, 2003). They concluded that the salicylic acid treatment
significantly prevents the formation of lignin. The reduction of lignin formation is directly
related to the inhibitory effect of SA on the activity of enzymes related to lignin production and
indirectly to the reduction of oxidative damage, which is caused by the reduction of O, and H,O,
accumulation (Wang et al., 2016). It has been reported that the pre- and postharvest treatments
of SA influenced the physico-chemical properties of cut roses , improved the longevity of roses
via increase of enzymatic antioxidant capacity, the improvement of water relations and the
increase of cumulative water absorption (Alaey et al., 2011).

In some ethylene sensitive cut flowers, ethylene is the main responsible for petal
senescence. As internally produced ethylene causes senescence and regulates gene expression
coordination in flower petals (Mohammadi Kabari and Jadid Soleimandarabi, 2019; Hassan
et al., 2020), but rose is not more sensitive to ethylene, and petal senescence may occur
due to internal factors other than ethylene, such as the increase of reactive oxygen species
(ROS) (Jones and McConchie, 1995). Antioxidant enzymes such as peroxidase and guaiacol
peroxidase (GPX) play an important role in the defense against oxygen free radicals (Okigbo
and Ogbonnaya, 2006; Bayat and Aminifard, 2017).

The aim of this study was to investigate the role of chitosan nanoparticles and salicylic acid
as a preservative treatment to slowing the senescence process of rose cut flowers. Therefore, in
this research, the optimal concentrations of preservative treatments (chitosan nanoparticles and
salicylic acid in the form of foliar spraying) in order to increase the vase life, maintain moisture
and improve water absorption (preventing the xylem blockage) and especially preventing the
ROS accumulation has been tested.

MATERIALS AND METHODS
Plant materials and treatments

Cut roses were obtained from a commercial greenhouse located in Ajabshir, Iran. The flowers
were harvested early morning and homogenized based on their visual appearance and openness. The
flowers were cut to a height of 35 cm and then placed in containers containing distilled water. Cut roses
were sprayed with different solutions prepared using various concentrations of salicylic acid and/or
chitosan nanoparticles. The treatments included salicylic acid in two concentrations (0.1 and 0.3 mM),
chitosan nanoparticles in two levels (0.1 and 0.5 mg L) and four levels of combined aforementioned
substances (CSNPs 0.1 mg L'+ SA 0.1 mM), (CSNPs 0.5 mg L' + SA 0.1 mM), (CSNPs 0.1 mg L'+
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SA 0.3 mM), (CSNPs 0.5 mg L' + SA 0.3 mM) in addition with distilled water as control (Figs. 1 and
2). The treated cut flowers were kept at a temperature of 10 + 2 °C, relative humidity of 60-70% and a
photoperiod of 12 hours at an intensity of 15 pmol m? S-'.

Fig. 1. Effect of chitosan nanoparticles (CSNPs) and salicylic acid on cut rose “Sammuraie” 13" day
after harvest. 1: SA 0.1 mM; 2: SA 0.1 mM+CSNPs 0.5 mg/L; 3: Control; 4: CSNPs 0.5 mg/L; 5: SA
0.3 mM+CSNPs 0.1 mg/L; 6: SA0.3 mM+CSNPs 0.1 mg/L.

Fig. 2. Effect of chitosan nanoparticles (CSNPs) and salicylic acid on cut rose “Sammuraie” on the 11®
day of vase life.

The flowers were evaluated for morphological traits (such as relative water uptake, and vase
life) and membrane electrolyte leakage, while the petals of each treated groups were collected, frozen
in liquid nitrogen and stored at - 40 °C for further biochemical and enzymatic assays.

Preparation of chitosan nanoparticles solution

Pure chitosan with molecular characteristics of Mw = 100 kD, DD = 85%, and purity =
97% obtained from Sabz Gostaresh Aazin Turkan Company (Maragheh, Iran), tripolyphosphate
(TPP) from Merck (Germany) and salicylic acid with a purity 99 % were obtained from Sigma
Aldrich (USA). To prepare 5 L of chitosan solution with a concentration of 1% by weight, first,
50 g of chitosan powder was mixed with 4950 ml of distilled water for one hour on a heater
until a uniform solution was obtained. Then 50 ml of acetic acid was added to the chitosan
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dispersion and completely dissolved using stirrer. Using this solution, we prepared the desired
concentrations of chitosan nanoparticles (Ahmadi ef al., 2018). Chitosan nanoparticle solution
in two concentrations of 0.1 and 0.5% by weight was obtained using chitosan stock solution
and TPP ionic binder. Solutions of salicylic acid with concentrations of 0.1 and 0.3 mM were
prepared by dissolving 0.373 and 1.12 g of SA in two liters of distilled water, respectively. To
prepare chitosan nanoparticles with concentrations of 0.1 and 0.5 mg L', 200 and 1000 mL
of chitosan solution were diluted with 1800 and 1000 mL of distilled water, respectively. SA
was dissolved in distilled water and added to the chitosan solution with a certain concentration
and the solution was reached to a volume of two liters. The desired amount of TPP as an ionic
interface based on the amount of chitosan was dissolved in 25 ml of distilled water and the TPP
solution was slowly added into the chitosan solution, and the chitosan nanoparticle solution was
produced.

Traits measurment
Vase life

During the postharvest life, the visual quality of cut roses were inspected daily. In
present study, vase life was defined as the period (days) from the time of spray treatments until
50% of flower petals were wilted or abscised or flower necks were bent as symptoms of flower
senescence process (Jiang et al., 2015).

Relative water uptake (RWU)

Relative water uptake of the flowers was traced by the formula:

Formula (1): Relative water uptake (RWU) =V -V _/ stem weight at the day zero

Where V, refers to the vase water volume during the measurements, and V_ is the water
volume at the day before.

This trait was measured at one- day intervals till the end of vase life (van Meeteren and
van Gelder, 1999; Pompodakis et al., 2004).

Membrane electrolyte leakage (EL)

To measure membrane turgidity using the method (Sairam et al., 2002), 0.1 g of petal
samples from each treatment were transferred separately (in duplicate) to test tubes containing
20 ml of deionized water. Then, a series of samples were placed at a temperature of 40°C for
30 minutes and another series at a temperature of 100 °C for 15 minutes in a Ben-Marie. The
conductance of the samples was measured by EC meter (AL 10Con, AquaLytic, Germany).
Then the percentage of ion leakage was calculated in the following way:

EC(2)—EC(1)
Formula (2) EL = Ec) +* 100

EC (1): Conductance amount in temperature 1, EC (2): Conductance amount in temperature 2.

Measurement of guaiacol peroxidase (GPX)

The activity of GPX enzyme was measured according to method described by Mencarelli
et al. (1995). 0.5 g petal tissue was homogenized by potassium phosphate buffer (pH=7, 100
mM). The homogenate was centrifuged at 4°C for 15 min. at 15000 g and supernatant ware used
for recording enzyme activity. The GPX activity was calculated at 470 nm based on the extinction
coefficient of tetraguaiacol (26.16 mmol cm™) and expressed as micromoles of oxidized guaiacol
per minute per gram of fresh weight.
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Measurement of peroxidase (POD) and polyphenol oxidase (PPO) activities

Peroxidase enzyme activity was traced based on the conversion of guaiacol to tetraguai-
acol by the method (Maehly and Chance, 1995). For this purpose, 200 mg of frozen petal tissue
was grinded in sodium phosphate buffer containing 2% PVP and 1.3 mM EDTA. To measure
each sample, 450 pL of hydrogen peroxide buffer and 450 pL of guaiacol buffer are mixed
together at a low temperature (container containing ice) and 10 pL of enzyme extract is added
to it, and finally oxidation of guaiacol at a temperature of 25 °C with a spectrophotometer two

visible-ultraviolet rays, model UV-1800 of Shimadzu, Japan, were measured at a wavelength
of 470 nm.

Polyphenol oxidase (PPO)
Polyphenol oxidase (PPO) activity was assayed by measuring the oxidation of catechol
as substrate according to Nguyen et al. (2003) and was expressed as IlU mg! protein min™'.

Measurement of H,O, amount
The H,O, content was measured according to Alexieva et al. (2001) and expressed in
umol g' FW.

Measurement of total flavonoids

The amount of total flavonoids was measured as described by Chang et a/. (2002) which
is based on aluminum chloride colorimetric. The absorbance of the mixture was read at 415 nm
with a UV-1800 model UV-1800 spectrophotometer from Shimadzu, Japan. Total flavonoids
content was expressed as mg Quercetin g' FW.

Statistical analysis of data

Two-way ANOVA was used for all the traits except vase life which is measured only
once at the end of the experiment. The experiment was designed as factorial based on completely
randomized design (CRD) with six replications. First factor was 8 levels of treatment solutions
in addition with distilled water as control and the second factor was time of sampling for
measurements which were first, fourth, seventh, eleventh and fifteenth day of the experiment.
For vase life which was measured once at the end of the experiment, one-way ANOVA was
used. Mean comparisons were done by Tukey’s honestly significant difference (HSD) test
(P<0.05). All statistical analyses was performed using R statistical software (R foundation for
statistical computing, version 4.3.2).

RESULTS AND DISCUSSION
Vase life

ANOVA (Table 1) showed the significant (P <0.01) difference in the vase life of cut roses
under tested treatments. The mean comparison indicates that foliar spraying of the combined
treatment of SA 0.3 Mm + CSNP 0.5 mg L' has shown the longest vase life (17.83 days)
compared to the control (13.5 days), showed 4.33 days more longevity comparing untreated
flowers (Fig. 3).
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Table 1. Summary of two-way ANOVA for physiological traits of cut rose cv. “Sammuraie”.

S.0.V df Vase life RWU EL
Treatment 8 108.00™ 2.454™ 2390.5™
Time 4 58.83 15.872™ 196.8™
Treatment * Time 32 166.83 0.09" 15.187"
Error 225 12.18 0.013 5.593
Total 269 0.331 80.504
CV (%) 12.18 6.94

**: Significant at P < 0.01 based on the HSD test. RWU: Relative water uptake, EL: Electrolyte leakage.

The flowers treated with 0.1 Mm SA, alone and without the application of chitosan
had the lowest flower longevity (13.6 days) after the control treatment (13.5 days), which did
not show a significant difference. Our results are consistent with Jing and Li’s study which
demonstrated chitosan positive impacts on the longevity of cut roses, which recorded about 6.4
days more than the control (Jing and Li, 2015).
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Fig. 3. The effect of different levels of chitosan and salicylic acid nanoparticle treatments on the vase life
of cut roses CV. “Samuraie”. *In each column, means with similar letter(s) are not significantly different
(P <0.05) using the HSD test.

Relative water uptake (RWU)

The results revealed that the amount of water uptake by rose cut flowers influenced
significantly is significant (P < 0.01) by interactive effects of chemical treatments and time. The
mean comparisons showed that in all the treatments until the fifth day, the uptake of the water
was high. With the increase of time after harvest, the amount of uptake of the water showed a
significant decrease. After the fifth day, the amount of water uptake in the treatment containing
SA 0.1 mM and CSNP 0.1 mg L' decreased, while in treatments containing SA 0.3 mM +
CSNP 0.5 mg L and SA 0.3 mM + CSNP 0.1 mg L absorption rate decreased just after 9
day. So, in the last days of flower vase life, the flowers treated with SA 0.3 mM + CSNP 0.5 mg
L' had the highest amount of water uptake (1.29 ml g'' FW), which was significantly different
from the treated flowers with 0.1 mM of SA. 0.1 mM SA treatment alone had the lowest average
water uptake (0.64 ml g'' FW) (Fig. 4). The minimum amount of water absorption (0.47 ml g!
FW) was recorded in control flowers comparing other treatments.
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Fig. 4. The effect of different concentrations of chitosan and salicylic acid nanoparticles on the relative
solution uptake in the cut flowers of the “Samuraie” rose. *In each column, means with similar letter(s)
are not significantly different (P < 0.05) using the HSD test.

Since chitosan nanoparticles and salicylic acid act as antibacterial agents, they reduce
bacterial infection and prevent vascular occlusion, thus improve solution uptake (van Meeteren,
1978; Mehdikhah et al., 2016). The present study in agreement with previous findings showed
similar results. In this research, foliar spraying of chitosan nanoparticles along with increasing
the solution uptake, significantly improved postharvest quality of cut rose flowers.

The reduction of water solution uptake due to xylem occlusion has the greatest effect
on the early wilting of the petals and bending of the stem (Xue et al., 2009). The vessels in
cut flowers are vital tissues for water absorption, so that the amount of solution absorption
decreases with the obstruction of the vessels by bacteria. In this regard, the role and importance
of chitosan nanoparticles against bacteria has been investigated, and the current research is in
accordance with the research conducted regarding the improvement of water absorption in cut
roses due to the antibacterial property of chitosan nanoparticles (Jing and Li, 2015).

Electrolyte leakage (EL)

The analysis of variance of the data showed that the interaction effect of these treatments
with the time after harvesting on the amount of electrolyte leakage of petals was significant
at the level of 1% (P < 0.01) (Table 1). The mean comparisons showed a notable decrease in
ion leakage index in the higher concentrations of the preservative treatment, especially in the
combined treatment of 0.3 Mm SA + 0.5 mg L' CSNP by 21.84%, comparing untreated flowers
those showed the highest amount of petal electrolyte leakage (49.26%) (Fig. 5).

The mean comparisons among treatments showed that in all the treatments until the third
day, the amount of electrolyte leakage was low. With time passage after harvest, the amount of
electrolyte leakage increased. In the treatment containing 0.1 mM SA and 0.1 mg L' CSNP, an
increase in the amount of electrolyte leakage after the fifth day, and in the treatments containing
0.3 mM SA + 0.5 mg L' CSNP and 0.3 mM SA + 0.1 mg L' CSNP, the amount of petal
electrolyte leakage was increased from 10™ day after harvest. So, in the last days of the vase life
flowers, the petals that were treated with 0.3 mM SA + 0.5 mg L' CSNP had the lowest amount
of electrolyte leakage. Therefore, the membrane integrity of petals sprayed with 0.3 mM SA +
0.5 mg L' CSNP treatment was higher than other treatments, and as a result of this treatment,
the life span of cut flowers was increased compared to other treatments.
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Fig. 5. The effect of different concentrations of chitosan nanoparticles and salicylic acid treatments on
the amount of electrolyte leakage on cut roses cv. “Samuraie”. *In each column, means with similar
letter(s) are not significantly different (P < 0.05) using the HSD test.

Shortly, the combined treatments of chitosan nanoparticles and salicylic acid in this
research maintained the strength of the cell wall and increased the vase life of rose cut flowers.
Obtained results by Mohammadi and Mortazavi (2014) about the effect of salicylic acid on
alstromeria cut flowers are consistent with our research. The findings of Parween and Gupta
(2022) regarding the effect of chitosan treatment on membrane stability in gerbera cut flowers
are completely consistent with our results.

Flavonoid content

The effect of different concentrations of chitosan nanoparticles with salicylic acid indi-
cate that these treatments increased the flavonoids content compared to the control during post-
harvest period. Comparison of the means showed that the highest amount of flavonoid (580.38
pg g' FW) was in the combined treatment chitosan nanoparticles with a concentration of 0.5
mg L' along with salicylic acid with a concentration of 0.3 mM. The lowest amount of flavo-
noids (480 ug g' FW) was obtained in the control treatment. In foliar spraying with of chitosan
nanoparticles with a concentration of 0.5 mg L' (alone) and salicylic acid with a concentration
of 0.3 mM (alone) compared to the combined treatments of SA 0.1 mM + 0.1 mg L ' CSNP
and SA 0.1 mM + 0.5 mg L ' CSNP, no significant difference was observed in terms of petal
flavonoid content (Fig. 6).
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Fig. 6. The effect of different concentrations of chitosan and salicylic acid nanoparticle on the flavonoid
content of cut rose flowers cv. “Samuraie”. *In each column, means with similar letter(s) are not signifi-
cantly different (P < 0.05) using the HSD test.
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The results showed that the interaction of the nanoparticle treatments with post-harvest
times was significant at the 1% probability level. Mean comparison of data showed that with
increasing concentration of chitosan nanoparticle complex with salicylic acid, the flavonoid
content increased, so that in foliar spraying with 0.3 mM SA + 0.5 mg L' CSNP, the highest
amount of flavonoid in petals (Fig. 4).

Guaiacol peroxidase (GPX) activity

According to the results of analysis of variance (Table 2), the interaction of different
concentrations of salicylic acid and chitosan nanoparticles and time caused significantly (P <
0.05) the guaiacol peroxidase enzyme activity, where, guaiacol peroxidase activity in flowers
treated with different concentrations of salicylic acid and chitosan nanoparticles was lower
compared to untreated flowers regardless of their concentration.

Table 2. Summary of two-way ANOVA for biochemical traits of cut rose cv. “Sammuraie”.

S.0.V df Flavonoid GPX PPO POD H,O,

Treatment 8 49628.12* 13.166™ 10.610™ 0.0077* 4.909"
Time 4 8532.5™ 0.0035™ 5.214" 0.00087" 4.83"

Treatment x Time 32 611.19" 0.0003™ 0.7080™ 0.000054" 0.240™
Error 225 127.4 0.0000 0.170 0.000028 0.0101
Total 269 1782.07 0.3916 0.620 2.741 0.255

CV (%) 2.11 0.05 17.6 7.54 4.01

**: Significant at P < 0.01 based on the HSD test.

As shown in Fig. 7, the change of peroxidase enzyme was decreasing with the progress of
time, and the highest level of enzyme activity was in the control treatment (3.81 IU mg! protein
min™') and the lowest level was observed in 0.3 mM salicylic acid chitosan nanoparticles 0.5 mg L"!
(1.81 TU mg! protein min™).

~ 4.5 -
ol a
3.5 - b
5 3 - B d E.: e
28 25 1 f g fe fg
CD—'.on 1.5 1
& 1 4
2 0.5 -
0 L] L] T T T T T L]
- b N ; ;
3 2 < N ~ N v N N
& e ) - &l - a4 Al
F F F P O & F S
T G o T ek B .
C-’ C:‘ '\_;.Q' 'T\‘Q *';'-\S":' $ ‘\Q .&“
- - - " -
& & & ,&f’ I,’.f:» xc:g

D D N
D s
K P F 9
Treatments

Fig. 7. The effect of different concentrations of chitosan nanoparticles and salicylic acid treatments on
the guaiacol peroxidase activity in the cut flowers of the “Samuraie” rose. *In each column, means with
similar letter(s) are not significantly different (P < 0.05) using the HSD test.
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In this research, the activity of guaicol peroxidase enzyme shows an increasing trend in
rose cut flowers at postharvest and the senescence stage of petal cells. These findings confirm
similar results recently reported for carnation flowers (Moulaei ef al., 2021). So the results of our
research indicate that chitosan nanoparticles of and salicylic acid treatments have a protective
effect and increasing the vase life of rose flower petals, which prevent the creation of various
stresses (such as osmotic potential) in the petals and as a result increase the activity of antioxidant
enzymes, including peroxidase.

Peroxidase (POD) activity

According to the results of analysis of variance (Table 2), the interaction of different con-
centrations of salicylic acid and chitosan nanoparticles and time caused significantly (P <0.05) the
peroxidase enzyme activity, where, POD activity in flowers treated with different concentrations
of salicylic acid and chitosan nanoparticles was lower compared to untreated flowers regardless
of their concentration. As shown in fig. 8, the change of peroxidase enzyme was decreasing with
the progress of time, and the highest level of enzyme activity was in the control treatment (0.091
umol mg' FW min') and the lowest level was observed in the treatment of 0.3 mM salicylic acid
with chitosan nanoparticles 0.5 mg L' (0.047 pmol mg' FW min').
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Fig. 8. The effect of different concentrations of chitosan nanoparticles and salicylic acid treatments on
the peroxidase activity in the cut flowers of the “Samuraie” rose. *In each column, means with similar
letter(s) are not significantly different (P < 0.05) using the HSD test.

Peroxidases play an important role in oxidative stress, removal of oxygen free radicals,
involvement in auxin metabolism, wound healing in plants, and reaction to environmental pollution.
This enzyme breakdown hydrogen peroxide through compounds such as ascorbate or oxidation
of substrates such as phenolic compounds (Reddy ef al., 2008). Peroxidase enzyme is able to
remove malondialdehyde and hydrogen peroxide (Hojati et al., 2011). In our research, salicylic
acid and chitosan nanoparticles caused a significant decrease in peroxidase enzyme activity.
One of the causes of senescence in plant tissues are active oxygen species such as O,"and H O,,
which cause flower senescence by destroying proteins, lipids and nucleic acids (Choudhary
et al., 2017). Antioxidant enzymes are very effective systems that protect cells against ROS.
According to the results of Ezhilmathi et al. (2007) 5-sulfo-salicylic acid treatment and the
results of Hatamzadeh et al. (2012), salicylic acid treatment increases the activities of catalase
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and peroxidase antioxidant enzymes, which scavenging ROS resulted to reduce senescence
process in cut flowers.

Polyphenol oxidase (PPO) activity

The results of ANOVA revealed that the interaction effects of different concentrations of
chitosan-salicylic acid nanoparticle complex and postharvest period was significant (P <0.01) on
the activity of polyphenol oxidase (PPO) enzyme (Table 2). Mean comparison of data showed
that the highest and lowest PPO activity was observed with an average of 3.42 IU mg' protein
min! in the control treatment and 1.62 IU mg™! protein min™! in 0.3 mM salicylic acid with 0.5
mg chitosan (Fig. 9).
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Fig. 9. The effect of different concentrations of chitosan nanoparticles and salicylic acid treatments on
the PPO activity in “Samuraie” rose cut flowers. *In each column, means with similar letter(s) are not
significantly different (P < 0.05) using the HSD test.

During the days after harvest, the activity of PPO increased. So, in the control treatment,
the increasing trend of this enzyme started on the fifth day after harvest, and in the treatments
containing chitosan nanoparticles and salicylic acid containing treatments, respectively, from the
seventh and sixth days, and in the combined treatments of chitosan nanoparticles with salicylic
acid, the increasing trend of the activity of this enzyme was started from 9" day. Therefore,
considering that foliar spraying with combined treatments of chitosan nanoparticles with sali-
cylic acid slows down PPO activity rate. So, combined treatments of chitosan nanoparticles with
salicylic acid, especially the treatment of 0.3 mM SA + 0.5 mg L' CSNP in increasing the flower
longevity showed the greatest effect comparing other treatments. According to previous studies,
the reactions related to the polyphenol oxidase enzyme are very important in the postharvest stage
(Zeeshan et al., 2020), because this enzyme is able to convert the hydrogen peroxide produced in
the organs and cytosol to water and oxygen and reduce its harmful effects. Also, the PPO plays an
effective role in cleaning these compounds (Michalak, 2006). In addition, increasing the activity of
these enzymes may increase the concentration of NADP* to release electrons from the photosynthetic
electron transport chain and thus reduce the production of ROS (Gozukirmizi et al., 2015).

Peroxide hydrogen
The results of variance analysis of the data showed that the interaction effects of chito-
san and SA nanoparticle treatments with the duration of treatment on hydrogen peroxide (H,0,)
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were significant (P <0.01) (Table 2). During the days after harvest, the hydrogen peroxide content
increased. H,0, increasing was started in untreated flowers from the 4" day after harvest, but in
the treatments containing chitosan nanoparticles, from the seventh day, and in the combined
treatments of chitosan nanoparticles with salicylic acid, the increasing trend of the hydrogen
peroxide content started from the 10" day. Therefore, the combined treatments of chitosan
nanoparticles with SA showed notable capacity in slowing down of the H,O, content which
resulted to the vase life of treated flowers by compared to other treatments. Mean comparison
of the data showed that the highest concentration of hydrogen peroxide with an average (3.31
umol g'' FW) was recorded in control flowers and the lowest amount of it with an average (1.96
umol g' FW) was observed in combined treatment of 0.3 mM salicylic acid with 0.5 mg L
of chitosan (Fig. 10). Considering that two types of ROS (reactive oxygen species), includ-
ing hydrogen peroxide and superoxide anion, play an important role in the plant senescence
process, especially in cut flower senescence process, where the content of O, and H,O, are
increasing. But the trend of this increase with the application of chitosan nanoparticles and
salicylic acid treatments is less than that of the control, and there is a significant difference be-
tween the amount of hydrogen peroxide in the petals of roses treated with chitosan nanopar-
ticles and salicylic acid compared to the control (Fig. 10). According to the obtained results,
treatments containing chitosan nanoparticles are able to reduce the activity of reactive oxygen
species (ROS) in rose cut flowers.
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Fig. 10. The effect of different concentrations of chitosan and salicylic acid nanoparticle treatments
on hydrogen peroxide content in the cut flowers of the “Samuraie” rose. *In each column, means with
similar letter(s) are not significantly different (P < 0.05) using the HSD test.

In recent decades, H,O, has received much attention as a reactive oxygen species (ROS).
This molecule accumulates more in plants in most environmental stresses, both biotic and non-
biotic, and causes more damage to the plant. Thus, hydrogen peroxide plays a role in most
physiological processes such as senescence, stomatal opening control, photorespiration and
photosynthesis and plant development. On the other hand, the increase and accumulation of
H,0, causes oxidative stress, which starts the process of cell death. Therefore, the survival of all
aerobic organisms depends on hydrogen peroxide homeostasis. This homeostasis includes the
production of H,O, from different pathways and its removal. H O, removal pathways include
enzymatic pathways and non-enzymatic pathways (Shahroodi et al., 2020).
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Earlier study (Wan ef al., 2023) has shown that chitosan and its oligosaccharins improve
the absorption of the solution in rose cut flowers cv. Gaoyuanhong. Moreover, chitosan activates
nutrients and defense mechanisms of cut flowers. In this regard, Ahmed et al. (2020), showed
the role of chitosan in the growth regulating and improving resistance mechanism to senescence,
resulting increase the vase life of cut rose flowers.

CONCLUSION

Rose, as the most important cut flower in the world, has a great economic value and importance
in terms of popularity among consumers worldwide. The most basic problem of this cut flower is its
relatively short vase life due to the failure in water uptake coming from xylem occlusion beside
diverse effects of ROS. Therefore, choosing the proper preservative solution for the post-harvest stage
of cut roses is very important considering the various side effects of chemicals. In this research, we
use nanoparticles of chitosan and salicylic acid in the form of foliar spray for its bioavailability and
environmental friendly nature. In addition, as appropriate biochemical compounds they have the
ability to control or inhibit ROS activity and also due to having antibacterial properties, we have
used them to increase the vase life of cut flowers. The results showed that the postharvest spraying
of chitosan nanoparticles and salicylic acid treatments significantly increased the vase life of
rose cut flowers. In short, in cut roses sprayed with solutions containing chitosan nanoparticle
+SA, the relative solution uptake and the flavonoid content of the petals increased. In addition,
the amount of electrolyte leakage and the activity of POD, PPO and GPX enzymes and the
amount of hydrogen peroxide in petal tissues of treated roses sprayed were decreased. Finally,
results were demonstrated that the among of different concentrations of solution treatments, the
combined treatment of 0.5 mg/L of chitosan nanoparticles with 0.3 mM salicylic acid has the
greatest impact on increasing the flower longevity and improving postharvest physiological and
biochemical attributes of cut roses.

ACKNOWLEDGMENT

The manuscript is prepared from the results of a PhD thesis (University of Tabriz, Iran).
The authors wish to thank the equip of the Central Laboratory of the University of Maragheh
and the helps from Dep. of Horticultural Science Lab, at the University of Maragheh is also
appreciated.

Literature Cited

Ahmad, I., Saleem, M. and Dole, J. M. 2016. Postharvest performance of cut ‘White Prosperity’
gladiolus spikes in response to nano-and other silver sources. Canadian Journal of Plant
Science, 96(3): 511-516.

Ahmadi, Z., Saber, M., Akbari, A. and Mahdavinia, G.R. 2018. Encapsulation of Satureja
hortensis L. (Lamiaceae) in chitosan/TPP nanoparticles with enhanced acaricide
activity against Tetranychus urticae Koch (Acari: Tetranychidae). Ecotoxicology and
Environmental Safety, 161: 111-119.

Ahmed, K.B.M., Khan, M.M.A., Siddiqui, H. and Jahan, A. 2020. Chitosan and its
oligosaccharides, a promising option for sustainable crop production - A review.
Carbohydrate Polymers, 227:115331. https://doi.org/10.1016/j.carbpol.2019.115331

Alaey, M., Babalar, M., Naderi, R. and Kafi, M. 2011. Effect of pre-and postharvest salicylic
acid treatment on physio-chemical attributes in relation to vase-life of rose cut flowers.
Postharvest Biology and Technology, 61(1): 91-94.

Journal of Ornamental Plants, Volume 14, Number 3: 211-228, September 2024



Evaluation of the Foliar Spraying Effects of Chitosan Nanoparticles and Salicylic Acid.../ Jodi et al.,

Alexieva,V., Sergiev, 1., Mapelli, S. and Karano, V. 2001. The effect of drought and ultraviolet
radiation on growth and stress markers in pea and wheat. Plant, Cell and Environment,
24(12): 1337-1344.

Alimoradi, M., Poor, M. J. and Golparvar, A. 2013. Improving the keeping quality and vase life
of cut Alstroemeria flowers by postharvest nano silver treatment. International Journal
of Agriculture and Crop Science, 6(11): 632-635.

Armitage, A.M. and Laushman, J.M. 2003. Spatiality cut flowers. The production of annuals,
perennials, bulbs, and woody plants for fresh and dried cut flowers. Varsity Press/Timber
Press, 392 page.

Arora, A. and Singh, V. P. 2004. Cysteine protease gene expression and proteolytic activity
during floral development and senescence in ethylene-insensitive Gladiolus grandiflora.
Journal of Plant Biochemistry and Biotechnology, 13 (2): 123-126. https:/doi.
org/10.1007/BF03263206

Bai, J. G., Xu, P. L., Zong, C. S. and Wang, C. Y. 2009. Effects of exogenous calcium on some
postharvest characteristics of cut gladiolus. Agricultural Sciences in China, 8: 293-303.

Bafiuelos-Hernandez, K.P., Garcia-Nava, J.R., Leyva-Ovalle, O.R., Pefia-Valdivia, C.B., Trejo,
C. and Ybarra-Moncada, M.C. 2017. Chitosan coating effect on vase life of flowering
stems of Heliconia bihai L. cv. Halloween. Postharvest Biology and Technology,
132:179-187.

Bayat, H. and Aminifard, M. H. 2017. Salicylic acid treatment extends the vase life of five
commercial cut flowers. Electronic Journal of Biology, 13(1): 67-72.

Chalabi, S. K. and Nasreen Khalil, A. 2013. Ornamental plants in Iraq. College of Agriculture,
University of Baghdad, Ministry of Higher Education and Scientific Research, Iraq, p.
415.

Chang, C., Yang, M., Wen, H. and Chern, J. 2002. Estimation of total flavonoid content in
propolis by two complementary colorimetric methods. Journal of Food Drug Analysis,
10: 178 —182..

Choudhary, K., Chaudhary, N., Agrawal, S.B. and Agrawal, M. 2017. Reactive oxygen species:
Generation, damage, and quenching in plants during stress. Book Editor(s): Vijay Pratap
Singh, Samiksha Singh, Durgesh Kumar Tripathi, Sheo Mohan Prasad, Devendra
Kumar Chauhan.

Doi, M., Hu, Y. and Imanishi, H. 2000. Water relations of cut roses as influenced by vapor
pressure deficits and temperatures. Journal of Japanese Society for Horticultural
Science, 69:985-485.

Ezhilmathi, K., Singh, V., Aroa, A. and Sairam, R. 2007. Effect of 5-sulfosalicylic acid on
antioxidant activity in relation to vase life of gladiolus cut flowers. Journal of Plant
Growth Regulation, 51: 99-108.

Gozukirmizi, N., Yilmaz, S., Marakli, S. and Temel, A. 2015. Retrotransposon-based molecular
markers; tools for variation analysis in plants. /n: Applications of Molecular Markers
in Plant Genome Analysis and Breeding. Research SignpostEditors: Ksenija Taski-
Ajdukovié. pp. 19-45.

Hassan, F.A.S., Mazrou, R., Gaber, A. and Hassan, M.M.2020 . Moringa extract preserved the
vase life of cut roses through maintaining water relations and enhancing antioxidant
machinery. Postharvest Biology and Technology, 164: 111156. https://doi. org/10.1016/].
postharvbio.2020.111156 ’

Hatamzadeh, A., Hatami, M. and Ghasemnezhad, M. 2012. Efficiency of salicylic acid delay
petal senescence and extended quality of cut spikes of Gladiolus grandiflora cv *Wing’s

Journal of Ornamental Plants, Volume 14, Number 3: 211-228, September 2024



Evaluation of the Foliar Spraying Effects of Chitosan Nanoparticles and Salicylic Acid.../ Jodi et al.,

sensation’. African Journal of Agricultural Research, 7: 540-545.

He, Y., Qian, L., Liu, X., Hu, R., Huang, M., Liu, Y., Chen, G., Losic, D. and Zhu, H. 2018.
Graphene oxide as an antimicrobial agent can extend the vase life of cut flowers. Nano
Research, 11(11): 6010-6022. https:// doi.org/10.1007/s12274-018-2115-8

Hojati, M., Mohammad Modarres-Sanavy, S. A., Karimi, M. and Ghanati, F. 2011. Responses
of growth and antioxidant systems in Carthamus tinctorius L. under water deficit stress.
Acta Physiologiae Plantarum, 33:105-112.

Hong Juan, J. and Huan Qing, L. 2015. Chitooligosaccharide prolongs vase life of cut roses by
decreasing reactive oxygen species. Horticultural Science and Technology, 33(3): 383-389.

In, B.C,, Ha, S.T., Lee, Y.S. and Lim, J.H. 2017. Relationships between the longevity, water
relations, ethylene sensitivity, and gene expression of cut roses. Postharvest Biology and
Technology, 131: 74-83. https:// doi.org/10.1016/j.postharvbio.2017.05.003

In, B.C., Inamoto, K. and Park, S. 2016. Using thermography to estimate leaf transpiration rates in
cut roses for the development of vase life prediction models. Horticulture, Environment,
and Biotechnology, 57: 53—60. https://doi.org/10.1007/s13580-016-0117-6

loannou, A., Gohari, G., Papaphilippou, P., Panahirad, S., Akbari, A., Dadpour, M. R. and
Fotopoulos, V. 2020. Advanced nanomaterials in agriculture under a changing climate:
The way to the future? Environmental and Experimental Botany, 176: 104048. https://
doi.org/10.1016/j.envexpbot.2020.104048

Jiang, Y., Khan, M.A., Wang, Z., Liu, J., Xue, J. and Gao, J. 2015. Cu/Zn SOD involved in
tolerance to dehydration in cut rose (Rosa hybrida). Postharvest Biology and Technology,
100: 187-95.

Jing, H.J. and Li, H.Q. 2015. Chitooligosaccaride prolongs vase life of cut roses by decreasing
reactive oxygen species. Korean Jorurnal of Horticultural Science and Technology,
33(3): 383-389.

Jones, R. and McConchie, R. 1995. Characteristics of petal senescence in a non-climacteric
cut flower. /n: VI International Symposium on Postharvest Physiology of Ornamental
Plants. ISHS Acta Horticulturae, 405: 216-223.

Macehly, A.C. and Chance, B. 1995. Assay of catalases and peroxidases. Methods in Enzymology,
2:764-817.

Mehdikhah, M., Onsinejad, R., Nabi Ilkaee, M. and Kaviani, B. 2016. Effect of salicylic acid,
citric acid and ascorbic acid on postharvest quality and vase life of gerbera (Gerbera
jamesonii) cut flowers. Journal of Ornamental Plants, 6(3): 181-191.

Mencarelli, F., Agostini, R., Botondi, R. and Massantini, R. 1995. Ethylene production, ACC
content, PAL and POD activities in excised sections of straight and bent gerbera scapes.
Journal of Horticultural Science, 70: 409- 416.

Michalak, A. 2006. Phenolic compounds and their antioxidant activity in plants growing under
heavy metal stress. Polish Journal of Environmental Studies, 15(4): 523-530.

Mohammadi Kabari, S. F. and Jadid Soleimandarabi, M. 2019. Improving A/stroemeria vase
life by plant extracts and 8-hydroxyquinoline sulfate. Journal of Ornamental Plants,
9(1): 1-11.

Mohammadi, Z. and Mortazavi, N. 2014. The effect of sucrose and salicylic acid on longevity
and postharvest quality in alstroemeria (cv. Stratus) cut flower. Journal of Horticultural
Science, 28 (4): 505-516.

Moulaei, M., Homayoun Farahmand, H. and Nasibi, F. 2021. Vase life and antioxidant status
of two carnations (Dianthus caryophyllus L.) cultivars affected by gamma aminobutyric
acid (GABA) treatments. Journal of Horticulture and Postharvest Research, 4(4): 497-

Journal of Ornamental Plants, Volume 14, Number 3: 211-228, September 2024



Evaluation of the Foliar Spraying Effects of Chitosan Nanoparticles and Salicylic Acid.../ Jodi et al.,

508.

Nguyen, T.B.T., Ketsa, S. and van Doorn, W.G. 2003. Relationship between browning and the
activities of polyphenol oxidase and phenylalanine ammonia lyase in banana peel during
low temperature storage. Postharvest Biology and Technology, 30: 187-93.

Okigbo, R. N. and Ogbonnaya, U. O. 2006. Antifungal effects of two tropical plant leaf extracts
(Ocimum gratissimum and Aframomum melegueta) on postharvest yam (Dioscorea spp.)
rot. African Journal of Biotechnology, 5(9): 727-731.

Oracee, T., Asgharzadeh, A., Kiani, M. and Oraee, A. 2011. The role of preservative compounds
on number of bacteria on the end of stems and vase solution of cut Gerbera. Journal of
Ornamental and Horticultural Plants, 1: 161-166.

Parween, A. and Gupta, P. 2022. Study on postharvest life of cut gerbera flowers as affected by
different organic and inorganic preservative solutions. The Pharma Innovation Journal,
11(9): 1600-1603.

Pompodakis, N.E., Joyce, D.C., Terry, L.A. and Lydakis, D.E. 2004. Effects of vase solution pH
and ABA on the longevity of cut ‘Baccara’ roses. The Journal of Horticultural Science
and Biotechnology, 79: 828-832.

Reddy, T.V. 1988. Mode of action of cobalt extending the vase life of cut roses. Scientia
Horticulturae, 36: 303-314.

Reddy, K., Zullo, J., Bertolino, E. and Singh, E. 2008. Transcriptional repression mediated
by repositioning of genes to the nuclear lamina. Nature, 452: 243-247. https://doi.
org/10.1038/nature06727

Sairam, R.K., Rao, K.V. and Srivastava, G.C. 2002. Differential response of wheat genotypes to
long term salinity stress in relation to oxidative stress, antioxidant activity and osmolyte
concentration. Plant Science, 163: 1037-1046.

Scariot, V., Paradiso, R., Rogers, H. and de Pascale, S.2014 . Ethylene control in cut flowers:
Classical and innovative approaches. Postharvest Biology and Technology, 97: 83-92.
https://doi.org/10.1016/j. postharvbio.2014.06.010

Shahroodi, E., Oise Bernard, F.C., Minaee Tehrani, D. and Hassani, S.B. 2020. Stimulatory
effect of salicylic acid on polyamine oxidase activity in Thymus daenensis L. callus.
Journal of Plant Research (Iranian Journal of Biology), 33(1): 111-118.

Solgi, M., Kafi, M., Taghavi, T. S. and Naderi, R. 2009. Essential oils and silver nanoparticles
(SNP) as novel agents to extend vase-life of gerbera (Gerbera jamesonii cv. ‘Dune’)
flowers. Postharvest Biology and Technology, 53(3): 155—-158. https://doi.org/10.1504/
1IJPTIL.2011. 043325

Temel, A. and Gozukirmizi, N. 2015. Physiological and molecular changes in barley and wheat
under salinity. Journal of Applied Biochemistry and Biotechnology, 175: 2950-2960.

Terry, L.A. and Joyce, D. C. 2004. Elicitors of induced disease resistance in postharvest
horticultural crops: A brief review. Postharvest Biology and Technology, 32: 1-13.

van Meeteren, U. 1978. Water relations and keeping-quality of cut Gerbera flowers. II. Water
balance of ageing flowers. Scientia Horticulturae, 9(2): 189-197.

van Meeteren, U. and van Gelder, H. 1999. Effect of time since harvest and handling conditions on
rehydration ability of cut chrysanthemum flowers. Postharvest Biology and Technology,
16: 169-177.

Wan, Y., Wen, Ch., Gong, L., Zeng, H. and Wang, Ch. 2023. Neoagaro-oligosaccharides improve
the postharvest flower quality and vase life of cut rose ‘Gaoyuanhong’. HortScience,
58(4): 404-409. https://doi.org/10.21273/HORTSCI16988-22

Wang, W., Chen, W., Luo, H., Jiang, L. and Yu, Z. 2016. Effect of salicylic acid on lignification

Journal of Ornamental Plants, Volume 14, Number 3: 211-228, September 2024



Evaluation of the Foliar Spraying Effects of Chitosan Nanoparticles and Salicylic Acid.../ Jodi et al.,

of fresh-cut Zizania latifolia and the possible biochemical mechanisms. Journal of Food
Engineering and Technology, 5(2): 1-7.

Xue, D., Botte, J., Deaets, B., Accoe, F., Nestler, A., Taylor, Ph., van Cleemput, O., Berglund,
M. and Boeckx, P. 2009. Present limitations and future prospects of stable isotope
methods for nitrate source identification in surface- and groundwater. Water Research,
43(5): 1159-1170.

Zeeshan, M., Lu, M., Sehar, Sh., Holford, P. and Wu, F. 2020. Comparison of biochemical,
anatomical, morphological, and physiological responses to salinity stress in wheat and
barley genotypes deferring in salinity tolerance. Agronomy, 10(1): 127. doi:10.3390/
agronomy10010127

Zulfiqar, F., Nafees, M., Darras, A., Shaukat, N., Chen, J., Ferrante, A., Zaid, A., Latif, N., Raza,
A. and Siddique, K. 2020. Pre-harvest potassium foliar application improves yield, vase
life and overall postharvest quality of cut gladiolus inflorescences. Postharvest Biology
and Technology, 192: 112027. https://doi.org/10.1016/j.postharvbio.2022.112027

How to cite this article:

Jodi, V., Matloobi, M., Ebrahimzadeh, A. and Mahdavinia, G.R. (2024). Evaluation of
the Foliar Spraying Effects of Chitosan Nanoparticles and Salicylic Acid on the Petal

Senescence and Postharvest Quality of Cut Roses cv. “Samuraie”. Journal of Ornamental
Plants, 14(3), 211-228.

\hgps://sanad.iau.ir/en/Journa]/jornamenta]/Article/ 1033222

Journal of Ornamental Plants, Volume 14, Number 3: 211-228, September 2024



