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ABSTRACT: Keeping quality and length of vase life are important factors for evaluating of
cut flowers quality, for both domestic and export markets. These investigations proposed to
determine the effectiveness of peppermint oil at (50, 100, 150, and 200) mg/l in 1 Liter distilled
water + 4% sucrose, thyme oil at (25, 50, 75, and 100) mg/l in 1 Liter distilled water + 2%
sucrose, black cumin oil at (25, 50, 75, and 100) mg/l in 1 Liter distilled water + 2% sucrose,
rosemary oil at (50, 100, 150, and 200) mg/l in 1 Liter distilled water + 4% sucrose, ethanol at
(5,10, 15, and 20) mg/l in 1 Liter distilled water + 2% sucrose, salicylic acid at (25, 50, 100, and
150 mg/l in 1 Liter distilled water + 2% sucrose and cut flowers were pulsed in 1Liter tap water
at the same time of control on quality parameters of tuberose (Polianthes tuberosa L.) cut
flowers. Results showed that all treatments significantly increased the vase life, fresh weight,
water uptake, protein accumulation and total soluble solids with decreasing number of bacteria
compared to control in both experiments. In addition, peppermint oil at (150 and 200) mg/l,
thyme oil at (75 and 100) mg/l, black cumin oil at 100 mg/l, rosemary oil at 200 mg/I and salicylic
acid at (50, 100 and 150) mg/l were more effective on improving the quality parameters than
other treatments.
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INTRODUCTION

Short postharvest vase- life of cut flowers is one of the most important
problems of cut flowers. Senescence of cut flowers is induced by several factors
e.g. water stress, carbohydrate depletion, microorganisms and ethylene effects
(Zamani et al., 2011). Tuberose (Polianthes tuberosa L.) is a perennial bulbous
plant of Asparagaceae. Tuberose is a popular and commercially valuable cut
flower produced worldwide (Bahadoran et al., 2012). The florets have a very
sweet fragrance and are widely cultivated in India and France as a source of
essential oils for the perfume industry. Polianthes is also a common garden
plant in the spring and it flowers during the summer and early autumn (De
Hertogh and Le Nard, 1993). Two major cultivars, white-colored ‘Single’ and
‘Double’, are used for commercial production (Shen et al., 2003). In tuberose,
fewer than 50% of the buds normally open after harvest and florets and buds
usually drop off after a few days in vase. Postharvest performance is worse in
tuberose which has been shipped to distant markets (Waithaka et al., 2001).
Keeping quality of spikes is only three days for florets and vase life of flowers is
only a few days. Since it has delicate flowers and sellers and customers are
keen to extend its vase life, it is necessary to improve its postharvest life (Anjum
et al., 2001).
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In the cut flowers of tuberose, wilting and burning of florets and bending
of the tips of flower spikes are the major problems that reduce the vase life of
cut flowers (Jowkar and Salehi, 2005). Various factors such as ethylene
sensitivity, bacterial contamination, vascular blockage, and oxidative stress
cause petal burning or browning, and floret wilting or abscission in cut flowers
(Shahri and Tahir, 2011). Moreover, various agents such as microbial activities,
air obstruction and physiological response to cutting wound, gum aggregation in
xylem, latex leakage, and other processes in the wound lead to vascular
blockage and prevent water uptake, which reduces the freshness of cut flowers
(Imsabai et al., 2013). Additionally, recent studies on some cut flowers
demonstrated that, with decrease in the freshness of cuts, some bacteria
aggregate in the vase solution and lead to senescence of cut flowers (Macnish
et al.,, 2008). By using some acids as antibacterial compounds, the frequency of
bacteria in the vase solution can be decreased and the vase life of various cut
flowers significantly increased, which is supposedly due to the reduction in
vascular blockage (Mansouri, 2012).

Several solutions were used as pulsing or preservative solutions for
increasing the longevity of cut flowers. Those chemicals are very expensive
and most harmful preservative for human causing irritating to skin, eyes and
respiratory tract as well as using natural products did not have large attentions
as safe materials in vase solutions (Mohamed, 2015). A suitable method for
vase life extension, which easy to use, natural, safe and inexpensive
compounds is always crucial in this respect for large-scale applications
(Soleimany-Fard et al., 2013). Essential oils (EOs), natural products taken from
plant materials that, due to their antibacterial, antifungal, antioxidant and
anticarcinogenic properties can be used as natural additives in many crops
(Teissedre and Water-house, 2000). Thyme (Thymus vulgaris) essential
phenolic oil has been counted to have antibacterial, antimycotic and
antioxidative properties (Deans et al.,, 1993). Its majority components were
thymol, carvacrol also borneol (Jakiemiu et al., 2010). Essential oils of black
cumin (Bunium persicum) also have strong anti-bacterial effects. This feature
could be resulted from the relatively high amount of terpenes and cumin
aldehyde in the essential oil (Moghtader et al., 2009). Moreover, menthol is the
main component of peppermint (Mentha piperita). The essential oils of it show
strong antibacterial activity (Iscan et al., 2002).

Rosemary is one of the most effective spices widely used in food
processing, is well cultivated in Egypt, and is the only spice commercially
available for use as an antioxidant in Europe and the United States (Yanishlieva
et al., 2006). The antioxidant properties of rosemary are well documented (Kadri
et al, 2011). Moreover, Salicylic acid is considered to be a potent plant
hormone because of its diverse regulatory roles in plant metabolism. It was first
extracted from willow trees, and named after the Latin word “Salix”. Salicylic
acid has been found to play a key role in the regulation of plant growth,
development and in responses to environmental stresses. Further, its role is
evident in ion uptake and transport, photosynthetic rate, stomata conductance
and transpiration. Tehranifar et al. (2013). In addition, low concentration of
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ethanol decreased the formation of ethylene, because it inhibited the action of
ACC synthase thereby affecting flower wilting, abscission, scar and color
change (Hossain et al., 2007). This work has been done to examine the effect
of some materials as preservative solutions that can be effective and safe for
human and environment (peppermint oil, thyme oil, black cumin oil, rosemary
oil, ethanol and salicylic acid). The aim of this study was to extend vase life of
cut tuberose flowers through using essential oils and some solutions. Moreover
to find out most effective concentration among the materials used to produce
the best quality of cut flowers with longer vase life.

MATERIALS AND METHODS

Two separate experiments were conducted in the Plant Production
Department, Faculty of Agriculture, Saba Basha, Alexandria University in
September and October, 2016 on tuberose cut flowers.

Materials and preparation of cut flowers

The cut flowers used for this investigation; Tuberose, (Polianthes
tuberosa L.) “Pearl” were obtained from a well-known commercial nursery in
Cairo. Cut spikes were cut from the field in early morning, harvested with two or
three open florets, wrapped with polyethylene sheet, and then quickly moved to
the experiment room, of an average temperature of (28°t1 °C) for first
experiment, while for the second (22°+1 °C), and (65-75%) relative humidity and
light from a white fluorescent lamp. Stems were cut at (70-75 cm) and trimmed
to (60 cm) before postharvest treatments. Leaves of the lower third part of the
stem were removed to avoid contamination in the vase solution as
recommended by Khimani et al. (2005).

Essential oils used in the experiments

- Peppermint oil: peppermint oil was used with concentrations of 50, 100, 150,
and 200 mg/l of distilled water + 4% sucrose.

- Thyme oil: thyme oil was used with concentrations of 25, 50, 75, and 100 mg/I
of distilled water + 2% sucrose.

- Black cumin oil: black cumin oil was used with concentrations of 25, 50, 75,
and 100 mg/l of distilled water + 2% sucrose.

- Rosemary oil: rosemary oil was used with concentrations of 50, 100, 150,
and 200 mg/l of distilled water + 4% sucrose.

- Ethanol: ethanol was used with concentrations of 5, 10, 15, and 20 mg/I of
distilled water + 2% sucrose.

- Salicylic acid: salicylic acid was used with concentrations of 25, 50, 100, and
150 mg/I of distilled water + 2% sucrose.

- Control flowers: control cut flowers were pulsed in 1Liter tap water at the
same time of the other treatments.

Pulsing solutions
The flowers were given pre-treatments of pulsing solutions which were
freshly prepared at the start of experiments from (different concentrations of
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peppermint oil, thyme oil, black cumin, rosemary oil, ethanol, salicylic acid of
distilled water contained 2 or 4% sucrose) in plastic container for 24 hours.

Holding solutions

The flowers were moved to glass containers (Vases) which contained
300 ml of distilled water to calculate the vase life and the tested parameters.
The water in the vases replacement and also about 1 cm of the stems was cut
every 3 days. Vases were exposed every day at night to light from a white
fluorescent lamp for 12 hours and during the day were exposed to daylight. The
room temperature was (28°t1 °C) for first experiment, while for the second
(22°¢1 °C), relative humidity (R.H.) was about (65- 75%).

Experimental layout and statistical analysis

The treatments were arranged in a Randomized Complete Block Design
(RCBD), in two factors (solutions and time) with three replications for each
treatment. Each replicate consisted of one glass bottle (vase) in which (5 cut
flowers of tuberose) was placed. Then each treatment was represented by 15
cut flowers/treatment. All data obtained throughout the course of this study
were statistically analysed by the analysis of variance as described by (Steel
and Torrie, 1980), all analysis were done by means of (SAS, 2002) statistical
software.

Treatments
Tuberose cut flower experiments:

The first experiment started in 4™ of September 2016, while the second
experiment started in 23" of October 2016. The first experiment ended in 15" of
September 2016, while the second experiment ended in 7" of November 2016.

The collected data:
Tuberose vase life (days):

The vase life of cut inflorescences was considered when the number of
senesced florets exceeded the number of open ones. On the other hand, loss or
wilting of 50% of florets mark the end of vase life (Dole et al.,1999).

Total fresh weight (g):
The average fresh weight of fresh stems carrying leaves and the flowers
were calculated (Barakat, 2013).

Water uptake (g):

The volume of water uptake was calculated by subtracting the volume of
water evaporated from a control bottle without cut flowers and the amount of
water decreased in bottles containing flowers (Zamani et al., 2011).
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Number of bacteria (CFU/ml):

Bacterial contamination was determined in the keeping solution at the
end of experiment. The samples of the preservative solutions were taken (1 ml
of each) and diluted using sterilized distilled water. One ml of each diluted
solution was streaked on nutrient agar into Petri dishes. Cultures were
incubated 2 days at 28°C and the colonies appearing on the plates were
counted. This experiment was repeated two times with 3 replicates in each
treatment at the laboratory of Microbiology Department, Faculty of Agriculture,
Saba Basha, Alexandria University (Gendy and Mahmoud, 2012).

Determination of protein content in leaves (%):

The protein content has been determined on the basis of total nitrogen
content, while the Kjeldahl (or similar) method has been almost universally
applied to determine nitrogen content (A.O.A.C. 2000). Nitrogen content is then
multiplied by a factor to give protein content. On the basis of early
determinations, the average nitrogen (N) content of proteins was found to be
about 16 percent, which led to use of the calculation N x 6.25 (1/0.16 = 6.25) to
convert nitrogen content into protein content (Agriculture and Consumer
Protection, 2003).

Total soluble solids (T.S.S %):

Total soluble solids in the extracted juice of tuberose petals were
measured by a hand refractometer (Brix % 20° C) as reported by Lacey et al.
(2001).

RESULTS AND DISSCUSSION

Vase Life

The effect of some essential oils, ethanol and salicylic acid on vase life of
tuberose cut flowers in the first and second experiments (September and
October, 2016), are presented in Table (1). It has been found that all studied
materials had remarkable significant effect on increasing vase life compared to
control in both experiments. In addition, peppermint oil at 150 and 200 mg/I,
thyme oil at 75 and 100 mg/l, black cumin oil at 100 mg/l, ethanol at 15 and 20
mg/l and salicylic acid at (50, 100 and 150) mg/l in two experiments were more
effective on increasing vase life than other treatments. These significant
increases in vase life may be because of salicylic acid (SA), a natural phenolic
secondary metabolite, play role in various aspects of vital processes like
ethylene biosynthesis, stomatal conductance, respiration, senescence and the
activation of defense systems against different pathogens as recorded by (An
and Mou 2011). SA treatments were effective in postharvest life of cut flowers
probably via the declined bacterial growth, reduced vascular blockage, reduced
transpiration, prevented ethylene formation and induced antioxidant system in
treated cut flowers thereby delaying the senescence process as confirmed by
Danaee et al. (2013). These results are in accordance with those of
Roodbaraky et al. (2012), Kazemi et al. (2012a) on carnation and Soleimany-
Fard et al. (2013) on alstroemeria flowers. They indicated that salicylic acid
increased the vase life of cut flowers compared to control. Also, Heins and
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Blakely (1980) reported that ethanol has been examined successfully in
prolonging the vase life of cut carnations and chrysanthemum flowers by
inhibiting ethylene biosynthesis and their antimicrobial effects.

During senescence, marked changes occur in the biochemical and
biophysical properties of the cell membranes. Ethylene plays a central role in
the senescence of many cut flowers as proved by Reid (1989). Flower vase life
is affected by respiration, carbohydrates deterioration, disease inoculation,
water uptake etc. During vase life of cut flowers, ethylene synthesis plays a
major role in senescence. Similarly carbohydrates and soluble sugars in the
petals also help in quality retention of cut flowers for longer period as found by
Hussen and Yassin (2013). There was a direct relationship between vase life
and, increasing of relative fresh weight and water uptake. Obstruction of the
xylems by bacteria, therefore, inability of water absorption by flower stems is
one of the current problems that lead to decrease in flowers postharvest
longevity and also early wilting as observed by Sardoei et al. (2014).

Table (1). Effect of some essential oils, ethanol and salicylic acid on the
vase life (days) of tuberose cut flowers in the first and second
experiments (September and October, 2016)

Vase life (days)

Treatments September, 2016  October, 2016

Control 6.43 7.08

Peppermint oil 50 mg/l + 4% sucrose 7.85 8.63

Peppermint oil 100 mg/l + 4% sucrose 8.72 9.59

Peppermint oil 150 mg/l + 4% sucrose 9.72 10.66
Peppermint oil 200 mg/l + 4% sucrose 10.77 14.51
Thyme oil 25 mg/l + 2% sucrose 7.36 8.15
Thyme oil 50 mg/l + 2% sucrose 8.17 9.05
Thyme oil 75 mg/l + 2% sucrose 9.08 10.06
Thyme oil 100 mg/l + 2% sucrose 10.09 11.18
Black cumin oil 25 mg/l + 2% sucrose 7.47 8.21

Black cumin oil 50 mg/l + 2% sucrose 8.29 9.13

Black cumin oil 75 mg/l + 2% sucrose 9.22 10.14
Black cumin oil 100 mg/l + 2% sucrose 10.24 11.27
Rosemary oil 50 mg/l + 4% sucrose 7.15 7.86
Rosemary oil 100 mg/l + 4% sucrose 7.94 8.74
Rosemary oil 150 mg/l + 4% sucrose 8.83 9.71

Rosemary oil 200 mg/l + 4% sucrose 9.81 10.79
Ethanol 5 mg/l + 2% sucrose 7.61 11.37
Ethanol 10 mg/l + 2% sucrose 8.46 11.63
Ethanol 15 mg/l + 2% sucrose 9.40 12.67
Ethanol 20 mg/l + 2% sucrose 10.44 13.49
Salicylic acid 25 mg/l + 2% sucrose 8.23 12.72
Salicylic acid 50 mg/l + 2% sucrose 9.14 13.73
Salicylic acid 100 mg/l + 2% sucrose 10.16 13.18
Salicylic acid 150 mg/l + 2% sucrose 11.29 14.09
Average 8.87 10.71
LSD ( 0.05) 0.10 0.75
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Various studies indicated that bacterial contamination was one of the
most important factors in reducing postharvest life of cut flowers with the
negative impact on respiration, photosynthesis and water uptake, also
increasing the evaporation, caused water imbalance and indirectly stimulated
ethylene production and shortened postharvest life of cut flowers as found by
Mohammadi et al. (2012). According to the scientific findings, the postharvest
life of different ornamental cut flowers could be affected by the application of
various chemicals as preservatives by Danaee et al. (2013). Anti- ethylene and
antimicrobial compounds can control ethylene production and extending vase
life of cut flowers as confirmed by Hashemabadi et al. (2015). In general, the
greatest longevity associated with higher values in the water variables related to
water consumption, transpiration and water flow. Longevity also associated with
the lower values in vascular blockage as reported by Cortes et al. (2011).

Heins and Blakely (1980), Wu et al. (1992) and Petridou et al. (1999)
reported that using 8% and 10% ethanol extended vase life of carnation by
causing delay senescence. Ethanol and methanol have also been tested
successfully in prolonging the vase life of cut carnations and the concentration
that was effective in increasing vase life of carnation flowers ranged from 2% to
8%. Solgi et al. (2009) reported that Iranian thyme and thyme EQOs are used in
preserving solution for extending the vase life of gerbera cut flower. Bahrami et
al. (2013) evaluated the effect of different concentrations of salicylic acid on
vase life of cut lisianthus (Eustoma grandiflora) and reported that 100 mg/L of
salicylic acid enhanced solution uptake and vase life compared control. Basiri et
al. (2011) showed that the use of treatment, 25% rosemary extract with 6%
sucrose in the preservative solution of Dianthus, increased the vase life of
flowers to 24 days.

Total fresh weight

Data concerning the effect of some essential oils, ethanol and salicylic
acid on total fresh weight of petals of tuberose cut flowers in the first and
second experiments (September and October, 2016), are listed in Tables (2 and
3). Results, generally, showed that all used treatments significantly increased
the total fresh weight compared to control. In addition, peppermint oil at (150
and 200) mg/l, thyme oil at (75 and 100) mg/l, black cumin oil at 100 mg/I,
rosemary oil at 200 mg/l and salicylic acid at (50, 100 and 150) mg/l were more
effective on increasing total fresh weight than other treatments. With regard to
salicylic acid treatments the findings proved to be in accordance to those of
Mashhadian et al. (2012) on chrysanthemum and Marandi et al. (2011) on
gladiolus, they reported that salicylic acid enhanced the fresh weight. In
addition, Sabzi et al. (2012) and Ashtari et al. (2013), showed that salicylic acid
was the most effective on preventing rose cut flowers from reduction of wet
weight. This increase of fresh weight by treatments of salicylic acid may be due
to its antimicrobial activity (inhibiting vascular blockage), which increases the
water uptake and decreases the transpiration rate, thereby enhancing water
balance of cut flowers which might be due to the possibility of salicylic acid to
decrease the pH of vase solution and consequently, reduced the growth and
proliferation of bacteria, which led to increasing water uptake as proved by
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Soleimany-Fard et al. (2013), Danaee et al. (2013) reported that the treatment
of SA led to the induced activities of the mentioned enzymes in comparison to
the control. The production of reactive oxygen species suggested as a main
signal for alerting and modifying metabolism and gene expression.

Table (2). Effect of some essential oils, ethanol and salicylic acid on the
total fresh weight (g) of tuberose cut flowers in the first
experiments (September, 2016)

Total fresh weight (g)

Vase life (days)

Treatments

Initial Average
Time 4 8 1
Control 4836 40.27 3221 2577 36.65

Peppermint oil 50 mg/l + 4% sucrose 64.48 5158 4126 33.01 47.58
Peppermint oil 100 mg/l + 4% sucrose 71.64 57.31 4585 36.68 52.87
Peppermint oil 150 mg/l + 4% sucrose 79.61 63.68 50.94 40.75 58.75
Peppermint oil 200 mg/l + 4% sucrose 88.45 70.76 57.27 45.28 65.44

Thyme oil 25 mg/l + 2% sucrose 56.78 45.58 36.47 29.17 42.00
Thyme oil 50 mg/l + 2% sucrose 63.09 5047 40.37 32.30 46.56
Thyme oil 75 mg/l + 2% sucrose 70.11  56.08 4486 35.89 51.74
Thyme oil 100 mg/l + 2% sucrose 7790 62.32 49.85 39.03 57.27

Black cumin oil 25 mg/l + 2% sucrose 59.03 4723 37.78 30.22 43.57
Black cumin oil 50 mg/l + 2% sucrose 65.59 5247 41.98 33.58 48.41
Black cumin oil 75 mg/l + 2% sucrose 72.88 58.30 46.64 37.31 53.78
Black cumin oil 100 mg/l + 2% sucrose  80.98 64.78 51.82 41.46 59.76
Rosemary oil 50 mg/l + 4% sucrose 53.74 4299 34.39 27.51 39.66
Rosemary oil 100 mg/l + 4% sucrose 59.71 47.76 38.21 30.56 44.06
Rosemary oil 150 mg/l + 4% sucrose 66.34 53.07 42.45 33.96 48.95
Rosemary oil 200 mg/l + 4% sucrose 73.71 58.97 4718 37.74 54.40

Ethanol 5 mg/l + 2% sucrose 61.66 49.32 39.46 31.55 45.50
Ethanol 10 mg/l + 2% sucrose 68.51 5480 43.84 35.07 50.56
Ethanol 15 mg/l + 2% sucrose 76.19 60.95 47.15 37.72 55.50
Ethanol 20 mg/l + 2% sucrose 84.58 67.66 54.13 43.30 62.42
Salicylic acid 25 mg/l + 2% sucrose 70.00 56.00 44.80 35.84 51.66
Salicylic acid 50 mg/l + 2% sucrose 77.78 6222 49.77 39.82 57.40

Salicylic acid 100 mg/l + 2% sucrose 86.42 69.14 5531 4424 63.78
Salicylic acid 150 mg/l + 2% sucrose 96.03 76.82 61.65 49.32 70.96

Average 7094 56.82 4542 36.30
LSD ( 0.05) D: 0.36 T: 0.91 DxT: 1.83
D: Vase Life T: Treatments DxT: Interaction
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Table (3). Effect of some essential oils, ethanol and salicylic acid on the
total fresh weight (g) of tuberose cut flowers in the second
experiments (October, 2016)

Total fresh weight (g)
Vase life (days)

Treatments Initial Average
. 4 8 12
Time
Control 53.19 4430 3544 28.12 40.26

Peppermint oil 50 mg/l + 4% sucrose 70.92 56.74 4554 36.67 52.47
Peppermint oil 100 mg/l + 4% sucrose 78.81 63.04 50.27 40.34 58.12
Peppermint oil 150 mg/l + 4% sucrose 8757 70.05 56.04 4483 64.62
Peppermint oil 200 mg/l + 4% sucrose 9729 77.83 6226 49.81 71.80

Thyme oil 25 mg/l + 2% sucrose 62.46 50.14 40.11 32.08 46.20
Thyme oil 50 mg/l + 2% sucrose 69.38 55.68 44.41 3553 51.25
Thyme oil 75 mg/l + 2% sucrose 7711 61.69 49.35 39.48 56.91
Thyme oil 100 mg/l + 2% sucrose 85.69 68.55 54.84 4295 63.01

Black cumin oil 25 mg/l + 2% sucrose 64.93 5195 4156 33.25 47.92
Black cumin oil 50 mg/l + 2% sucrose 7215 57.72 46.17 36.94 53.24
Black cumin oil 75 mg/l + 2% sucrose 80.17 64.13 51.30 41.04 59.16
Black cumin oil 100 mg/l + 2% sucrose  89.08 71.25 57.00 45.60 65.73
Rosemary oil 50 mg/l + 4% sucrose 59.11 4728 37.83 30.26 43.62
Rosemary oil 100 mg/l + 4% sucrose 59.62 52.54 42.02 33.62 46.95
Rosemary oil 150 mg/l + 4% sucrose 72.97 58.37 46.69 37.25 53.82
Rosemary oil 200 mg/l + 4% sucrose 81.08 64.86 51.89 4152 59.84

Ethanol 5 mg/l + 2% sucrose 67.83 5425 4341 3470 50.05
Ethanol 10 mg/l + 2% sucrose 7525 60.28 48.22 38.59 55.59
Ethanol 15 mg/l + 2% sucrose 83.81 67.04 51.86 41.48 61.05
Ethanol 20 mg/l + 2% sucrose 93.04 7443 59.54 47.63 68.66
Salicylic acid 25 mg/l + 2% sucrose 77.00 61.60 49.28 39.42 56.83
Salicylic acid 50 mg/| + 2% sucrose 85.56 68.44 5475 4380 63.14

Salicylic acid 100 mg/l + 2% sucrose 95.06 76.05 60.84 48.67 70.15
Salicylic acid 150 mg/l + 2% sucrose 105.63 84.72 67.82 54.25 78.10

Average 77.79 62.52 49.94 39.91
LSD ( 0.05) D: 0.21 T:1.33 DxT: 2.66
D: Vase Life T: Treatments DxT: Interaction

In agreement with these results are those obtained by Hatamzadeh et al.
(2011) who demonstrated that the salicylic acid at 150 mg/L delayed flower
senescence and decreased fresh weight loss. Marandi et al. (2011) found that
salicylic acid 1.5 mM treatment showed the best effect on fresh weight percent.
Also, Kazemi et al. (2012a) showed that acetylsalicylic acid treatments
increased fresh weight.

As for the effect of vase life period's data indicated that total fresh weight
decreased in both experiments, with increasing the vase life periods and the
differences among all tested vase life periods were statistically significant
compared with the initial time. The increment in relative fresh weight at initial
vase life days could be due to the higher solution uptake during the early
storage time as supported by Seyf et al. (2012). Furthermore, Alaey et al.
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(2011) reported that the highest relative fresh weight of cut rose flowers was
observed in vase solutions which showed the greatest water uptake. The
decrease in relative fresh weight of cut flowers during the days of after harvest
could be due to the decrease in water uptake (Soleimany-Fard et al. 2013).

Water uptake

Data concerning the effect of some essential oils, ethanol and salicylic
acid on water uptake of tuberose cut flowers in the first and second experiment
(September and October, 2016), are listed in Tables (4 and 5). Data in general
showed that, all treatments increased water uptake compared with control. In
addition, the statical analysis showed that peppermint oil at (100, 150 and 200)
mg/l, black cumin oil at 100 mg/l ethanol at (15 and 20) mg/l and salicylic acid at
(50, 100 and 150) mg/l were more effective on increasing water uptake than
other treatments. The enhancing effect of salicylic acid on water uptake may be
related to the role of salicylic acid in reducing microbial population in vase
solution of cut flowers and/or positive regulatory role of SA on stomata closure
which regulates the rates of transpiration and increases the water-retaining
capacity of leaves and petals as demonstrated by Kazemi et al. (2011a, b, and
c) and Khenizy et al. (2013). In addition, the role of salicylic acid is evident in ion
uptake and transport and also photosynthetic rate, stomata conductance and
transpiration as reported by Khan et al. (2003). Similar results obtained by
Kazemi et al. (2011c) on gerbera, Zadeh and Mirzakhani (2012) on carnation
and Soleimany-Fard et al. (2013) on alstroemeria cut flower revealed that
salicylic acid increased water absorption compared to control.

As the effect of vase life periods on the changes of water uptake, it was
significantly increased with increasing vase life period, and the differences
among all tested vase life period were statistically significant compared with
initial date in the two experiments. The increase in water uptake of cut flowers
during vase period was probably due to growth of microbes and vascular
blockage suggesting that adding a suitable germicide in vase solution can
prevent the growth of microbes and increase water uptake as confirmed by
Anjum et al. (2001). Hashemabadi et al. (2015) demonstrated that
enhancement of vase life can be described with antimicrobial properties of the
above mentioned compounds, so that water absorption improved with
prevention of vascular blockage and it delays water deficiency related wilting
and reported that anti-ethylene compounds and also antibiotics increase water
absorption, significantly.

Number of bacteria (CFU /ml)

The effects of some essential oils, ethanol and salicylic acid on the
number of tuberose cut flowers in the first and second experiments (September
and October, 2016), are shown in Table (6). Data proved that the number of
bacteria in vase solution was decreased significantly by using all studied
materials compared to control. Moreover, the best effect on decreasing the
number of bacteria was obtained by peppermint oil at (150 and 200) mg/l,
ethanol at 20 mg/l and salicylic acid at (50, 100 and 150) mg/l in both
experiments. These results are in agreement with those obtained by Kazemi
and Ameri (2012) and Kazemi et al. (2012b) on carnation. They observed a
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significant effect of salicylic acid on bacterial population. Effectiveness of
salicylic acid might be referred to its ability to decrease pH of vase solution
which reduce the growth and proliferation of bacteria as confirmed by
Soleimany-Fard et al. (2013). Kazemi and Shokri (2011), who demonstrated
that, 3 percent sucrose+1.5 mM salicylic acid significantly decreased bacteria
populations.

Table (4). Effect of some essential oils, ethanol and salicylic acid on the
water uptake (g) of tuberose cut flowers in the first experiment
(September, 2016)

Water uptake (g)
Treatments Vase life (days) Average
2 4 8 12
Control 162.05 117.41 140.16 75.12 123.69

Peppermint oil 50 mg/l + 4% sucrose  200.72 160.57 139.07 111.26 152.90
Peppermint oil 100 mg/l + 4% sucrose 223.02 178.41 171.39 123.62 174.11
Peppermint oil 150 mg/l + 4% sucrose 247.80 198.24 171.70 137.36 188.77
Peppermint oil 200 mg/l + 4% sucrose 275.33 220.27 190.77 152.62 209.75

Thyme oil 25 mg/l + 2% sucrose 178.61 135.69 102.72 82.16 124.79
Thyme oil 50 mg/l + 2% sucrose 188.46 150.77 114.13 91.31 136.17
Thyme oil 75 mg/l + 2% sucrose 209.40 167.52 126.81 101.45 151.30
Thyme oil 100 mg/l + 2% sucrose 232.67 186.13 140.91 112.72 168.11

Black cumin oil 25 mg/l + 2% sucrose  177.39 141.91 113.53 90.81 130.91
Black cumin oil 50 mg/l + 2% sucrose  197.10 157.68 126.14 100.91 145.46
Black cumin oil 75 mg/l + 2% sucrose  219.00 175.20 156.83 112.12 165.79
Black cumin oil 100 mg/l + 2% sucrose 243.33 194.67 155.73 124.58 179.58
Rosemary oil 50 mg/l + 4% sucrose 180.06 130.44 104.35 83.47 124.58
Rosemary oil 100 mg/l + 4% sucrose  200.07 144.94 115.96 92.74 138.43
Rosemary oil 150 mg/l + 4% sucrose  222.30 161.04 128.83 103.05 153.80
Rosemary oil 200 mg/l + 4% sucrose  223.67 178.93 143.15 114.52 165.07

Ethanol 5 mg/l + 2% sucrose 190.27 152.21 121.77 97.42 140.42
Ethanol 10 mg/l + 2% sucrose 211.41 169.29 135.30 108.24 156.06
Ethanol 15 mg/l + 2% sucrose 234.90 187.92 150.33 120.27 173.36
Ethanol 20 mg/l + 2% sucrose 261.00 208.80 167.04 133.63 192.62

Salicylic acid 25 mg/l + 2% sucrose 208.74 162.88 133.59 110.88 154.02
Salicylic acid 50 mg/l + 2% sucrose 231.93 180.79 148.63 118.73 170.02
Salicylic acid 100 mg/l + 2% sucrose 257.70 200.88 164.92 131.92 188.86
Salicylic acid 150 mg/l + 2% sucrose 286.33 229.07 183.25 146.60 211.31

Average 218.53 171.67 141.88 111.10
LSD ( 0.05) D: 9.38 T:7.26 DxT: 14.51
D: Vase Life T: Treatments DxT: Interaction
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Table (5). Effect of some essential oils, ethanol and salicylic acid on the
water uptake (g) of tuberose cut flowers in the second
experiment (October, 2016)

Water uptake (g)
Treatments Vase life (days)
2 4 8 12 Average
Control 159.76 127.81 102.24 81.79 117.90

Peppermint oil 50 mg/l + 4% sucrose  220.79 176.63 141.29 113.04 162.94
Peppermint oil 100 mg/l + 4% sucrose 245.32 196.26 157.01 125.60 181.05
Peppermint oil 150 mg/l + 4% sucrose 272.58 218.06 174.27 139.58 201.12
Peppermint oil 200 mg/l + 4% sucrose 302.87 242.29 193.83 155.07 223.52

Thyme oil 25 mg/l + 2% sucrose 186.57 149.26 119.55 95.52 137.73
Thyme oil 50 mg/l + 2% sucrose 207.30 165.84 132.83 106.13 153.03
Thyme oil 75 mg/l + 2% sucrose 230.34 184.27 147.60 117.93 170.03
Thyme oil 100 mg/l + 2% sucrose 255.93 171.41 163.80 131.03 180.54

Black cumin oil 25 mg/l + 2% sucrose  195.13 152.60 122.08 95.60 141.35
Black cumin oil 50 mg/l + 2% sucrose 211.95 169.56 135.55 106.22 155.82
Black cumin oil 75 mg/l + 2% sucrose 235.50 188.40 150.72 118.02 173.16
Black cumin oil 100 mg/l + 2% sucrose 267.67 209.33 167.47 131.14 193.90
Rosemary oil 50 mg/l + 4% sucrose 179.36 143.48 110.49 91.83 131.29
Rosemary oil 100 mg/l + 4% sucrose  199.30 157.76 122.77 102.03 145.47
Rosemary oil 150 mg/l + 4% sucrose  221.43 176.98 136.41 113.36 162.04
Rosemary oil 200 mg/l + 4% sucrose  246.03 196.83 157.46 125.96 181.57

Ethanol 5 mg/l + 2% sucrose 209.17 167.43 128.93 111.17 154.18
Ethanol 10 mg/l + 2% sucrose 232.41 186.04 152.25 123.52 173.56
Ethanol 15 mg/l + 2% sucrose 258.24 206.71 165.36 137.25 191.89
Ethanol 20 mg/l + 2% sucrose 287.10 229.68 183.74 132.66 208.29

Salicylic acid 25 mg/l + 2% sucrose 229.61 165.72 159.39 127.53 170.56
Salicylic acid 50 mg/l + 2% sucrose 255.12 190.02 177.10 141.69 190.98
Salicylic acid 100 mg/l + 2% sucrose  283.47 218.49 196.78 157.44 214.05
Salicylic acid 150 mg/l + 2% sucrose  314.97 218.62 218.65 174.92 231.79

Average 236.32 184.38 152.70 122.24
LSD ( 0.05) D: 8.66 T:9.73 DxT: 19.46
D: Vase Life T: Treatments DxT: Interaction

Essential oils are very effective antimicrobial agents, which inhibited the
microbial growth and prevented bacterial plugging of water conducting tissues
so they should increase vase life of cut flowers. Awang (1998) indicated that
menthol is the main component of peppermint and the essential oils of it
expressed strong antibacterial activity. Also Moghtader et al. (2009) reported
that essential oils of Black cumin have strong antibacterial effects. This feature
could be resulted from the relatively high amount of terpenes and cumin
aldehyde in the essential oil.

Essential oils of Black cumin also have strong anti-bacterial effects. This
feature could be resulted from the relatively high amount of terpenes and cumin
aldehyde in the essential oil (Moghtader et al., 2009). Menthol is the main
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component of peppermint, The essential oils of it show strong antibacterial
activity (Awang, 1998; Ernestt and Pittler, 2001).

Table (6). Effect of some essential oils, ethanol and salicylic acid on the
number of bacteria (CFU, Colony Forming Unit / ml) of
tuberose cut flowers in the first and second experiments
(September and October, 2016)

Number of bacteria (CFU/ ml)

Treatments September, 2016 October, 2016
Control 146 116
Peppermint oil 50 mg/l + 4% sucrose 112 88
Peppermint oil 100 mg/l + 4% sucrose 101 81
Peppermint oil 150 mg/l + 4% sucrose 92 74
Peppermint oil 200 mg/l + 4% sucrose 84 67
Thyme oil 25 mg/l + 2% sucrose 130 107
Thyme oil 50 mg/l + 2% sucrose 125 100
Thyme oil 75 mg/l + 2% sucrose 114 91
Thyme oil 100 mg/l + 2% sucrose 103 83
Black cumin oil 25 mg/l + 2% sucrose 132 117
Black cumin oil 50 mg/l + 2% sucrose 121 97
Black cumin oil 75 mg/l + 2% sucrose 110 88
Black cumin oil 100 mg/l + 2% sucrose 100 80
Rosemary oil 50 mg/l + 4% sucrose 142 110
Rosemary oil 100 mg/l + 4% sucrose 132 106
Rosemary oil 150 mg/l + 4% sucrose 120 96
Rosemary oil 200 mg/l + 4% sucrose 109 88
Ethanol 5 mg/l + 2% sucrose 115 97
Ethanol 10 mg/l + 2% sucrose 111 88
Ethanol 15 mg/l + 2% sucrose 101 80
Ethanol 20 mg/l + 2% sucrose 91 73
Salicylic acid 25 mg/l + 2% sucrose 103 90
Salicylic acid 50 mg/l + 2% sucrose 94 75
Salicylic acid 100 mg/l + 2% sucrose 85 68
Salicylic acid 150 mg/l + 2% sucrose 78 62
Average 110 88
LSD ( 0.05) 3.43 3.87

Protein percentage

Data concerning the effect of some essential oils, ethanol and salicylic
acid on dry weight (g) of tuberose cut flowers in the first and second
experiments (September and October, 2016), are presented in Table (7). Data
showed that, in general treatments of the applied materials resulted in
significant increase in protein percentage in comparison with control in both
experiments. Furthermore, statistical analysis indicated that, peppermint oil at
150, 200 mg/l, ethanol at 15, 20 mg/l, salicylic acid at 100, 150 mg/l, thyme oil
at 100 mg/l and black cumin oil at 100 mg/l in the two experiments were more
effective on increasing the percentage of protein than other treatments. These
results might be attributed to salicylic acid (SA) effect as an inhibitor of ethylene
biosynthesis thereby delaying the senescence process. In addition to
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involvement of SA in local and systemic resistance to pathogens, it has been
stated that SA suppress the conversion of ACC into ethylene by inhibiting the
ACC oxidase activity (Aminocyclo propane carboxylate oxidase). The
production of reactive oxygen species suggested as a main signal for alerting
and modifying metabolism and gene expression. Based on the available
evidences it is obvious that free oxygen radicals are involved in the senescence
process via inducing oxidative stress as stated by Danaee et al. (2013).

Table (7). Effect of some essential oils, ethanol and salicylic acid on the
protein (%) of tuberose cut flowers in the first and second
experiments (September and October, 2016)

Protein (%)

Treatments September, 2016 October, 2016

Control 5.55 8.06
Peppermint oil 50 mg/l + 4% sucrose 9.44 10.37
Peppermint oil 100 mg/l + 4% sucrose 10.48 11.52
Peppermint oil 150 mg/l + 4% sucrose 11.64 12.81
Peppermint oil 200 mg/l + 4% sucrose 12.96 14.25
Thyme oil 25 mg/l + 2% sucrose 8.10 8.92
Thyme oil 50 mg/l + 2% sucrose 9.00 9.90

Thyme oil 75 mg/l + 2% sucrose 10.00 11.00
Thyme oil 100 mg/l + 2% sucrose 11.12 12.23
Black cumin oil 25 mg/l + 2% sucrose 8.46 9.31

Black cumin oil 50 mg/l + 2% sucrose 9.39 10.31
Black cumin oil 75 mg/l + 2% sucrose 10.33 11.48
Black cumin oil 100 mg/l + 2% sucrose 11.62 12.77
Rosemary oil 50 mg/l + 4% sucrose 7.64 8.42
Rosemary oil 100 mg/l + 4% sucrose 8.50 9.35
Rosemary oil 150 mg/l + 4% sucrose 9.46 10.39
Rosemary oil 200 mg/l + 4% sucrose 10.52 11.56
Ethanol 5 mg/l + 2% sucrose 8.87 9.44
Ethanol 10 mg/l + 2% sucrose 9.87 10.52
Ethanol 15 mg/l + 2% sucrose 10.98 12.06
Ethanol 20 mg/l + 2% sucrose 12.21 13.41
Salicylic acid 25 mg/l + 2% sucrose 9.77 7.70
Salicylic acid 50 mg/l + 2% sucrose 10.87 11.96
Salicylic acid 100 mg/l + 2% sucrose 12.08 13.29
Salicylic acid 150 mg/l + 2% sucrose 13.44 14.77
Average 10.09 11.03
LSD ( 0.05) 0.77 1.75

Total soluble solids (%)

Data concerning the effect of some essential oils, ethanol and salicylic
acid on the total soluble solids in petals of tuberose cut flowers in the first and
second experiment (September and October, 2016), are listed in Tables (8 and
9). Data showed that, in general treatments of the applied materials resulted in
significant increase in total soluble solids in comparison with control in both
experiments. Moreover, peppermint oil at (150 and 200) mg/l, thyme oil at 100
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mg/l, black cumin oil at 100 mg/l, rosemary oil at 200 mg/I and salicylic acid at
(100 and 150) mg/l were more effective on increasing total soluble solids than
other treatments.

Table (8). Effect of some essential oils, ethanol and salicylic acid on
the total soluble solids (%) of tuberose cut flowers in the first
experiment (September, 2016)

Total soluble solid (%)

Treatments Vase life (days) Average
Initial Time 5 10

Control 4.09 3.27 2.61 3.33
Peppermint oil 50 mg/l + 4% sucrose 5.04 4.04 3.22 410
Peppermint oil 100 mg/l + 4% sucrose 5.60 4.48 3.58 4.56
Peppermint oil 150 mg/l + 4% sucrose 6.22 4.98 3.98 5.06
Peppermint oil 200 mg/l + 4% sucrose 6.92 5.53 4.42 5.62
Thyme oil 25 mg/l + 2% sucrose 4.67 3.74 2.99 3.80
Thyme oil 50 mg/l + 2% sucrose 5.19 4.16 3.32 4.22
Thyme oil 75 mg/l + 2% sucrose 5.77 4.62 3.70 4.70
Thyme oil 100 mg/l + 2% sucrose 6.41 5.13 4.11 5.22
Black cumin oil 25 mg/l + 2% sucrose 4.86 3.89 3.11 3.95
Black cumin oil 50 mg/l + 2% sucrose 5.40 4.32 3.45 4.39
Black cumin oil 75 mg/l + 2% sucrose 6.00 4.80 3.84 4.88
Black cumin oil 100 mg/l + 2% sucrose 6.67 5.34 4.27 5.43
Rosemary oil 50 mg/l + 4% sucrose 4.55 3.65 2.92 3.71
Rosemary oil 100 mg/l + 4% sucrose 5.06 4.06 3.25 412
Rosemary oil 150 mg/l + 4% sucrose 5.62 4.51 3.61 4.58
Rosemary oil 200 mg/l + 4% sucrose 6.25 5.02 4.01 5.09
Ethanol 5 mg/l + 2% sucrose 4.94 3.95 3.16 4.02
Ethanol 10 mg/l + 2% sucrose 5.49 4.39 3.51 4.46
Ethanol 15 mg/l + 2% sucrose 6.10 4.88 3.90 4.96
Ethanol 20 mg/l + 2% sucrose 6.78 5.42 4.34 5.51
Salicylic acid 25 mg/l + 2% sucrose 5.29 4.24 3.39 4.30
Salicylic acid 50 mg/l + 2% sucrose 5.88 4.71 3.76 4.78
Salicylic acid 100 mg/l + 2% sucrose 6.54 5.23 419 5.32
Salicylic acid 150 mg/l + 2% sucrose 7.27 5.81 4.65 5.91
Average 5.71 4.60 3.70

LSD ( 0.05) D: 0.01 T:0.05 DxT: 0.08

D: Vase Life T: Treatments DxT: Interaction
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Table (9). Effect of some essential oils, ethanol and salicylic acid on the
total soluble solid (%) of tuberose cut flowers in the second
experiment (October, 2016)

Total soluble solid (%)

Treatments Vase life (days)
Initial Time 5 __10_ /\verage

Control 4.50 3.75 3.00 3.75
Peppermint oil 50 mg/l + 4% sucrose 5.54 443 3.54 4.51
Peppermint oil 100 mg/l + 4% sucrose 6.16 492 3.94 5.01
Peppermint oil 150 mg/l + 4% sucrose 6.84 547 4.38 5.56
Peppermint oil 200 mg/l + 4% sucrose 7.61 5.75 4.86 6.07
Thyme oil 25 mg/l + 2% sucrose 5.14 411 3.29 4.18
Thyme oil 50 mg/l + 2% sucrose 5.72 457 3.65 4.65
Thyme oil 75 mg/l + 2% sucrose 6.35 5.08 4.08 517
Thyme oil 100 mg/l + 2% sucrose 7.06 5.65 4.52 5.74
Black cumin oil 25 mg/l + 2% sucrose 5.35 428 3.39 4.34
Black cumin oil 50 mg/l + 2% sucrose 5.94 475 3.77 4.82
Black cumin oil 75 mg/l + 2% sucrose 6.60 528 4.19 5.36
Black cumin oil 100 mg/l + 2% sucrose 7.34 5.87 4.69 5.97
Rosemary oil 50 mg/l + 4% sucrose 5.01 4.01 3.20 4.07
Rosemary oil 100 mg/l + 4% sucrose 5.58 445 3.56 4.53
Rosemary oil 150 mg/l + 4% sucrose 6.18 495 3.95 5.03
Rosemary oil 200 mg/l + 4% sucrose 6.87 550 4.39 5.59
Ethanol 5 mg/l + 2% sucrose 5.44 434 3.47 4.42
Ethanol 10 mg/l + 2% sucrose 6.04 483 3.86 4.91
Ethanol 15 mg/l + 2% sucrose 6.71 5.37 4.29 5.45
Ethanol 20 mg/l + 2% sucrose 7.46 596 4.77 6.06
Salicylic acid 25 mg/l + 2% sucrose 5.82 466 3.73 4.74
Salicylic acid 50 mg/l + 2% sucrose 6.47 518 4.14 5.26
Salicylic acid 100 mg/l + 2% sucrose 7.19 5.75 4.60 5.85
Salicylic acid 150 mg/l + 2% sucrose 7.99 6.39 5.11 6.50
Average 6.28 5.01 4.01

LSD ( 0.05) D: 0.04 T:0.10 DxT: 0.16

D: Vase Life T: Treatments DxT: Interaction

Similar results were obtained by Mohammadi et al. (2014) on rose, The
positive effect of salicylic acid on decreasing total soluble solids could be
attributed to that salicylic acid which considered to be an important signaling
molecule which is involved in local and endemic disease resistance in plants in
response to various pathogenic attacks. Besides providing disease resistance
to the plants, salicylic acid can modulate plant responses to a wide range of
oxidative stresses. Salicylic acid also suppressed ACC synthase and ACC
oxidase activities and biosynthesis of ethylene, and hence retarded the
climacteric rise in ethylene production as proved by Sardoei et al. (2013). These
findings are in agreement with Jamshidi et al. (2012).

As the effect of vase life periods, results indicated that total soluble solids
of tuberose cut flowers was decreased with increasing vase life periods and the
differences among all tested vase life periods were statistically significant
compared with initial time. In agreement with these results, are those obtained
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by Eshaghdavatgar et al. (2013) on "Dolce Vita" who reported that the pulse
treatment of 3% (w/v) sucrose +4% (w/v) Cacly in combination with thyme
extracts at 0.2 ppm had more positive effects on extending the vase life of cut
rose flowers than two control groups or other treatments. Also, Tehranifar et al.
(2013) indicated that the addition of 300 mg/l salicylic acid to clean distilled
water extended the vase life of Alstroemeria peruviana, Gerbera jamesonii,
Lilium asiaticum, Polianthes tuberose and Rosa hybrida by 30 -55 (%) relative
to control.

CONCLUSION

In conclusion, the present study demonstrates that all treatments showed
significant effect on quality parameters and flowers longevity compared to
control in tuberose experiments. Peppermint oil at (150 and 200) mg/l, thyme oil
at (75 and 100) mg/l, black cumin oil at 100 mg/l, rosemary oil at 200 mg/l and
salicylic acid at (50, 100 and 150) mg/l were more effective in improving the
quality parameters than other treatments. The present findings support the need
for wider testing and use of the natural, cheap, safe and biodegradable
compounds.

REFERENCES

Agriculture and Consumer Protection (2003). Food energy - methods of
analysis and conversion factors. FAO FOOD AND NUTRITION PAPER
77, ISBN 92-5-105014-7.

Alaey, M., M. Babalar, R. Naderi and M. Kafi (2011). Effect of pre- and
postharvest salicylic acid treatments on physio-chemical attributes in
relation to vase-life of rose cut flowers. Postharvest Biology and
Technology, 6(1):91-94.

An, F.C. and Z. Mou (2011). Salicylic acid and its function in plant immunity. J.
Integr. Plant Biol., 53 (6): 412—428.

Anjum, M. A., F. Naveed, F. Shakeel and S. Amin (2001). Effect of some
chemicals on keeping quality and vase-life of tuberose (Polianthes
tuberosa L.) cut flowers. Journal of Research (Science), Bahauddin
Zakariya University, Multan, Pakistan, 12(1): 01-07.

A. O. A. C. (2000). Official Methods of Analysis (17th ed.), Gaithersburg,
Maryland, USA, AOAC International.

Ashtari, M., E. Hadavi and J. Hekmati (2013). Application of various levels of
malic acid and salicylic acid as short-term treatments on durability of cut
rose cv. "Avalanche". Interl Jour.of Agri. Sci., 3(2): 100-104.

Awang D. V. C. (1998). Prescribing therapeutic peppermint (Mentha piperita L).
Integrative Medicine, 1(1): 18-21.

Bahadoran, M., H. Salehi and S. Eshghi (2012). Growth and flowering of
tuberose as affected by adding natural zeolite to the culture medium.
Journal of Plant Nutrition, 35(10): 1491-1496.

Bahrami, S. N., H. Zakizadeh, Y. Hamidoghli and M. Ghasemnezhad (2013).
Salicylic acid retards petal senescence in cut lisianthus (Eustoma
grandiflorum ‘Miarichi Grand White’) Flowers. Horticulture, Environment,
and Biotechnology, 54(6): 519-523.

18
Vol. 23(1), 2018




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Barakat, A. A. (2013). Effect of cold storage duration harvesting stage and
postharvest treatment on flower quality of Solidago canadensis cv.
“Tara”. PhD Thesis, Faculty of Agric., Alexandria University.

Basiri, Y., H. Zarei, K. Mashayekhy and M. H. Pahlavany (2011). Effect of
rosemary extract on vase life and some qualitative characteristics of cut
carnation flowers (Dianthus caryophyllus cv. White librity). Journal of
Stored Products and Postharvest Research, 2(14): 261-265.

Cortes, M. H., A. A. Frias, S. G. Moreno and M. Mandujano (2011). The
effects of calcium on postharvest water status and vase life of Rosa
hybrida cv. Grand gala. International Journal of Agriculture and Biology,
13(2):233-238.

Danaee, E., R. Naderi, S. Kalatejari and A. R. L. Moghadam (2013).
Evaluation the effect of salicylic acid and benzyladenine on enzymic
activities and longevity of gerbera cut flowers. International Research
Journal of Applied and Basic Sciences, 7 (5): 304-308.

Deans S. G., E. Simpson, and R. C. Noble (1993). Natural antioxidants from
Thymus vulgaris (thyme) volatile oil: the beneficial effects upon
mammalian lipid metabolism. Acta Horticulturae, 332: 177-182.

De Hertogh A. and M. Le Nard (1993). The Physiology of Flower Bulbs.
Elsevier Science Publishers, Amster-dam, 812 p.

Dole, J. M., F. Harold and P. Wilkins (1999). Floriculture Principles and
Species. Prentice hall inc, Upper Saddle River, New Jersey.

Ernestt, E. and M. H. Pittler (2001). The efficacy and safety peppermint
(Mentha piperita L.):an update of a systemic review. Public Health
Nutrition, 3(4): 509-14.

Eshaghdavatgar, L., M. Jafarpour, and A. R. Golparvar (2013). Comparing
medicinal plant extracts and pulsing treatments on rose cut flowers"
Dolce Vita. Scientia, 4(1), 1-4.

Gendy, A. S. and A. A. Mahmoud (2012). Effect of some preservative solution
treatments on characters of (Strelitzia reginae) cut flowers. Aust. J. Basic
and Appl. Sci., 6(5): 260-267.

Hashemabadi, D., B. Kaviani, A. Shirinpour and D. Yaghoobi (2015).
Response of cut carnation (Dianthus caryopyllus L.cv. tempo) to
essential oils and antimicrobial compounds. International Journal of
Biosciences, 6(3):36-44.

Hatamzadeh, A., M. Hatami and M. Ghasemnezhad (2011). Efficiency of
salicylic acid delay petal senescence and extended quality of cut spikes
of Gladiolus grandiflora cv. Wings Senseation. Afri. J. of Agri. Res., 7(4):
540-545.

Heins, R. D. and N. Blakely (1980). Influence of ethanol on ethylene
biosynthesis and flower senescence of cut carnation. Scientia
Horticulturae, 13(4): 361-369.

Hossain, A. B. M. S, A. N. Boyce, and N. Osman (2007). Postharvest quality,
vase life and photosynthetic vyield (chlorophyll fluorescence) of
bougainvillea flower by applying ethanol. Australian Journal of Basic and
Applied Sciences, 1(4): 733-740.

19
Vol. 23(1), 2018




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Hussen, S. and H. Yassin (2013). Review on the impact of different vase
solutions on the postharvest life of rose flower. International Journal of
Agricultural Research and Review, 1 (2): 13-17.

Imsabai, W., P. Leethiti, P. Netlak, and W. G. Van Doorn (2013). Petal
blackening and lack of bud opening in cut lotus flowers (Nelumbo
nucifera): role of adverse water relations. Postharvest Biology and
Technology, 79: 32-38.

Iscan, G., N. Kirimer, M. Kirkcuoglu, H. C. Baser, and F. Demirci (2002).
Antimicrobial screening of Mentha piperita essential oils. Journal of
agricultural and food chemistry, 50(14): 3943-3946.

Jakiemiu, E. A. R., A. de. P. Scheer, J. S. de. Oliveira, L. C. Cocco, C. I.
Yamamoto, and C. Deschamps (2010). Study of composition and yield
of Thymus vulgaris L. oil essential. Semina: Ciencias Agrarias
(Londrina)., 31(3): 683-688.

Jamshidi, M., E. Hadavi and R. Naderi (2012). Effects of salicylic acid and
malic acid on vase life and bacterial and yeast populations of
preservative solution in cut gerbera flowers .Intel. J. of Agri. Sci., 2(8):
671-674.

Jowkar, M. M., and H. Salehi (2005). Effects of different preservative solutions
on the vase life of cut tuberose flowers at usual home conditions. Acta
Horticulturae, 669: 411-416.

Kadri, A., Z. Zarai, |. B. Chobba, A. Békir, N. Gharsallah, M. Damak, and R.
Gdoura (2011). Chemical constituents and antioxidant properties of
Rosmarinus officinalis L. essential oil cultivated from the South-Western
of Tunisia. Journal of Medicinal Plants Research, 5(29): 6502-6508.

Kazemi, M., and A. Ameri (2012). Extending the vase life of carnation with
different preservatives. International Journal of Botany, 8(1): 50-53.

Kazemi, M. and K. Shokri (2011). Role of salicylic acid in decrease of membrane
senescence in cut lisianthus flowers. World Appl. Sci. J., 13(1): 142-146.

Kazemi, M., E. Hadavi and J. Hekmati (2012a). Effect of salicylic acid, malic
acid, citric acid and sucrose on antioxidant activity, membrane stability
and ACC-oxidase activity (aminocyclo propane car boxylate oxidase) in
relation to vase life of carnation cut flowers. J. Plant Sci., 7(2): 78-84.

Kazemi, M., M. Gholami, M. Asdi, S. Aghdasi and M. Almasi (2012b).
Response of carnation (Dianthus caryophyllus L.) to salicylic acid and
glutamine. Asian. J .Biochem., 7(3):158-164.

Kazemi, M., E. Hadavi and J. Hekmati (2011c). Role of salicylic acid in
decreases of membrane senescence in cut carnation flowers. Amer. J.
Plant Physiol., 6:106—112.

Kazemi, M., M. Aran and S. Zamani (2011a). Effect of some treatment
chemicals on keeping quality and vase life of gerbera cut flowers.
American Journal of Plant Physiology, 6(2) 99-105.

Kazemi, M., M. Aran and S. Zamani (2011b). Interaction between glutamine
and different chemicals on extending the vase life of cut flowers of 'Prato’
lily. American Journal of Plant Physiology, 6(2):120-125.

Khan, W., B. Prithiviraj and D. L. Smith (2003). Photosynthetic response of
corn and soybean to foliar application of salicylates. J. Plant Physiol.,
160: 485-492.

20
Vol. 23(1), 2018




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Khenizy, S. A. M., A. Z. Amal and Y. M. E. EI-Shewaikh (2013). Effect of
humic acid on vase life of gerbera flowers after cutting. Journal of
Horticultural Science and Ornamental Plants, 5 (2): 127-136.

Khimani, R. A., N. Thube and R. G. Jadav (2005). Effect of stem length and
panicle weight on postharvest quality in golden rod (Solidago canadensis
Linn.). Journal of Ornamental Horticulture (New Series), 8(4): 287-289.

Lacey, L., A. M. Carthy and G. Foord (2001). Maturity testing of citrus.
Farmnote. Dep. Agri. West. Australia, 3:1-5.

Macnish, A. J., R. T. Leonard, and T. A. Nell (2008). Treatment with chlorine
dioxide extends the vase life of selected cut flowers. Postharvest Biology
and Tech-nology, 50: 197-207.

Mansouri H. (2012). Salicylic acid and sodium nitroprusside improve
postharvest life of chrysanthemums. Scientia Horticulturae, 145: 29-33.

Marandi, J. R., A. Hassani, A. Abdollahi, and S. Hanafi (2011). Improvement
of the vase life of cut gladiolus flowers by essential oils, salicylic acid and
silver thiosulfate. J. Medicinal Plants Res., 5: 5039-5043.

Mashhadian, N. V., A. Tehranifar, H. Bayat and Y. Selahvarzi (2012).
Salicylic and citric acid treatments improve the vase life of cut
chrysanthemum flowers. J. Agr. Sci. Tech., 14: 879-887.

Moghtader, M., A. I. Mansori, H. Salari, and A. Farahmand (2009). Chemical
composition and antimicrobial activity of the essential oil of Bunium
persicum Boiss. seed. Iranian Journal of Medicinal and Aromatic Plants.,
25(1): 20-28.

Mohamed, A. E. (2015). Effects of some natural components on the vase life of
rose cut flowers. M.sc. Thesis, Faculty of Agric., Alexandria University.

Mohammadi, G. A.,, A. S. Sardoei and M. Shahdadneghad (2014).
Improvement of the vase life of cut gladiolus flowers by salicylic acid and
putrescine. Int J. Adv. Biol. Biom. Res., 2(2):417-426.

Mohammadi, M., D. Hashemabadi and B. Kaviani (2012). Improvement of
vase life of cut tuberose (polianthes tuberosa cv. ‘single’) with aluminum
sulfate. Annals of Biological Research, 3 (11):5181-5185.

Petridou, M, C. Voyiatzi, and D. Voyiatzis (1999). Aspirin, methanol and some
antibacterial compounds prolong the vase life of cut carnations. Adv Hort
Sci., 13: 161-164.

Reid, M. S. (1989). The role of ethylene in flower senescence. Acta. Hort.,
261:157-169.

Roodbaraky, F., D. Hashemabad and S. HajiVand (2012). Effect of salicylic
acid on vase life of cut carnation (Dianthus caryophyllus L. cv. ‘Liberty
Abgr’). Annals of Biological Research, 3(11):5127-5129.

Sabzi, A., E. Hadavi and J. Hekmati (2012). Effect of different levels of malic
acid and salicylic acid in preservative solution on the quality and vase life
of cut rose flowers cultivars (utopia). International Journal of Agri.
Science, 2(5): 403-407.

Sardoei, A. S., G. A. Mohammadi and P. Rahbarian (2013). Interaction effect
of salicylic acid and putrescine on vase life of cut narcissus flowers.
International Journal of Advanced Biological and Biomedical Research,
1(12): 1569-1576.

21
Vol. 23(1), 2018




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Sardoei, A. S., G. A. Mohammadi, and M. Shahdadneghad (2014).
Interaction effect of temperature and thyme essential oil on vase life of
cut narcissus flowers. European Journal of Experimental Biology, 4(2):
82-87.

SAS inst. Inc. (2002). Statistical analysis software®. Cary, in.NC: SAS Institute
Inc. USA.

Seyf, M., A. Khalighi, Y. Mostofi and R. Naderi (2012). Study on the effect of
aluminium sulphate treatment on postharvest life of the cut rose ‘Boeing’
(Rose hybrid cv. Boeing).Journal of Horticulture, forestry and
Biotechnology, 16(3):128-132.

Shahri, W., and l. Tahir (2011). Flower senescence-strategies and some
associated events. Botanical Review, 77: 152-184.

Shen, T. M., K. L. Huang, R. S. Shen, and B. S. Du (2003). Breeding of dwarf
tuberose (Polianthes tuberosa L.). Acta Horticulturae., 624: 73-76.
Soleimany- Fard, E., K. Hemmati and A. Khalighi (2013). Improving the
keeping quality and vase life of cut alstroemeria flowers by pre and post-

harvest salicylic acid treatments. Nat. Sci. Biol., 5(3): 364-370.

Solgi M, M. Kafi, T. S. Taghavi, and R. Naderi (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, 53:155—-158.

Steel, R. G. and J. M. Torrie (1980). Principles and procedures of statistics. Mc
Graw-Hill Co. Inc., New York.

Tehranifar, A., N. Vahdati, Y. Selahvarzi and H. Bayat (2013). Treatment with
salicylic acid extends the vase life of important commercial cut flowers.
Advanced Crop Science, 13(6):405-413.

Teissedre, P. L., and A. L. Waterhouse (2000). Inhibition of oxidation of
human low-density lipoproteins by phenolic substances in different
essential oils varieties. Journal of agricultural and food chemistry, 48(9):
3801-3805.

Waithaka, K., M. S. Reid, and L. L. Dodge (2001) Cold storage and flower
keeping quality of cut tuberose (Polianthes tuberosa L.). - J. Hort. Sci.
Biot., 76: 271-275.

Wu, M. J., Z. Lorenzo, M. E. Saltveit, and M. S. Reid (1992). Alcohols and
carnation senescence. Hort. Sci., 27: 136-138.

Yanishlieva, N. V., E. Marinova, and J. Pokorny (2006). Natural antioxidants
from herbs and spices. European Journal of Lipid Science and
Technology, 108(9): 776-793.

Zadeh, L. Y. and A. Mirzakhani (2012). Study effect of thyme oil, salicylic acid,
aloe vera gel and some chemical substances on increasing vase life of
cut (Dianthus caryophyllus cv.Liberty). Intl. J. Agron. Plant. Prod., 3(S):
666-674.

Zamani, S., M. Kazemi and M. Aran (2011). Postharvest life of cut rose flowers
as affected by salicylic acid and glutamine. World Applied Sciences
Journal, 12 (9): 1621-1624.

22
Vol. 23(1), 2018




J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Qﬁ)ﬂ\ uadlall
sbaal) sny L cBlalaa (any aladiuly Adghial) gl 5 e
"aght alas daal ¢ pla )28 daaa S Jlay daaa e las g L

Al Anala = (Lab L) del)3l 408 = slall Z Y] aud L)
Sl daals — de )yl A0S — el Bty dus)) calily M oand LY
2 > DA 42 T Gl g 9 )N anad

Bl (351 (30 OIS 3 Rl 550) 535n il Al Jalpall (3 SWIY) g sasa o Adadlad) i
Gffane (Yoo Von Ve 00) 550 e badl) gy Alad pand ) Auhall o3 Cangs i) (lsads
(Vor Yo 0 (Y0) 35 a5l sasll Cuy ¢ ilfama (Voo VO 0n (YO) & el cuy
@ «¥0) S5 Al pasls ¢ flfana (Yoo Vo e @) 585 daall JIS) cu ¢ ilfana
Saill LY sagll julee e (i jhial Lol la3Y) Alelas) Jo Sl Alelaas il/ame (Y00 ) o
sl 40 5 Ul (il Hlasy) e 8 pgiea 52l ) ol clalaall JS o il cedal A8 gladall
O Y ALEYL 13 g sl Alie LS sxe adl ae A1 Abeall Sgalls aS i lls ainal)
36850 ) 0saSl ) ilfana Vv S5 sl Gy ilfana Yoo S p Ll cyy b
CilS ilfama (Yoo oV ev) 55 Gllullul) (aslay jilane Ve 3850 el QS) iy ¢ ilfana Ve

LDl By 5l A shaiall ag )l e 5 g5l Sl saga i e 8 780 i

23
Vol. 23(1), 2018




