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ABSTRACT: A trial was consummated at Postharvest Lab. of
Floriculture Res. Dept. Hort. Res. Inst. ARC, Giza, Egypt during 2019 
and 2020 seasons to study the influence of essential oils of clove and 
sage oil in two experiments as preservative solutions, or a spray
treatments as well as under long term of storage at low temperatures
for three periods on quality and vase life of cut inflorescences of
Gladiolus grandiflorus. In the first experiment five holding solutions 
included, clove oil at 1 and 2 mg/l + 20 g/l sucrose (suc.), sage oil at 
1and 2 mg/l + 20 g/l sucrose (suc.), 8-hydroxyquinoline citrate (8-
HQC) at 200 ppm + 20 g/l sucrose (suc.) and control (distilled water 
D.W.) were used. In second experiment that used essential oils as
spray treatments. The obtained results from the two experiments
indicated that, the flowers hold in the preservative solution of sucrose 
+ clove oil (1 mg/l) significantly prolonged vase life, increased flowers
fresh weight (%) and water uptake (g), dry weight (%), percentage of 
opening floret (%) and decreased water loss (g), bacterial counts in the 
vase solution. Essential oils had a positive effect on total sugar 
concentrations, level of total indoles and total phenols and total 
chlorophyll contents of cut flowers. Essential oils as an alternative 
substitute to chemical compounds had an excellent effect on cut
flowers also because of their antimicrobial activities and
environmental friendly nature. 
 

Key words: Gladiolus grandiflorus, cut flowers, essential oils, 
preservative solutions, cold storage. 

 

INTRODUCTION 

Gladiolus (Gladiolus grandiflorus L.) 
plant belongs to the family Iridaceae and is 
one of the leading cut flowers of world. It 
has been appropriately crowned as “Queen 
of Bulbous Flower”. The flowers are popular 
due to majestic spikes which comprise 
attractive, dazzling, elegant and delicate 
florets. The opening of florets of gladiolus in 
sequence over a longer duration makes it to 
be a very good quality of cut flowers. The 
gladiolus flowers are available in fantastic 
colour range and spikes of almost any colour 
near black to white, mauve, violet, pink, 
yellow and mixed of these colours are 
available. The qualitative and quantitative 
post-harvest losses of gladiolus quality can 
be reduced by select the improved 

technologies like harvesting at timely or 
appropriate stage, use of floral preservatives 
and bud opening solution, pre-cooling, 
pulsing, improved storage techniques such as 
suitable temperature storage, proper 
packaging methods etc. Use of  floral 
preservatives is the most economical and 
practical methods to prolonged shelf life of 
gladiolus spikes (Gupta and Kumar, 2018). 

Sugars in vase solutions prolong the 
shelf life of many cut flowers. Carbohydrates 
are the main substrates for respiration, which 
are essential for all  living cells, and they are 
also a major structural  material used in cell 
growth and enlargement  and a soluble 
component in petal  tissues, and hence an 
important osmotic  regulator of water 
potential (Mayak et al., 2001). Kumar et al. 
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(2008) stated that, sugar concentrations are 
still high when petals attain the early stages 
of senescence, due to various tissues in a 
petals are at different stages of senescence; 
sugar concentrations found in the cytoplasm 
and the vacuole are different and sugars are 
still formed or moved to petals. 

Essential oils (EOs) are complex and 
highly variable mixtures of components that 
belong to two groups: aromatic and 
terpenoids compounds that accumulate in all 
types of vegetative organs (flowers, leaves, 
roots, rhizomes, fruits, bark, woods and 
seeds). In nature, essential oils play an 
important role to protect the plants as 
antifungal, antiviral, antibacterial and 
insecticides (Bakkali et al., 2008). The 
antimicrobial properties of essential oils 
have been known for a long time and 
documented in several studies (Marandi et 
al., 2011). Also, EOs could consider as a 
good antioxidants. Besides, essential oils 
have great role in floriculture industry 
because of its environmental friendly 
properties and its antimicrobial properties in 
prolonging cut flowers freshness and post 
harvest durations. Commercial essential oils 
from plants are a mixture of several 
components; some of those components are 
found in clove, oregano, cinnamon, garlic, 
citral, parsley, coriander, rosemary, 
lemongrass and sage, all of those have been  
shown to express antimicrobial effects 
(Tajkarimi et al., 2010). Nassar et al. (2007) 
and Alma et al. (2007) found that, the major 
components of clove oil were eugenol 
(71.56%) and eugenol acetate (8.98%). 
Antimicrobial activity of eugenol is 
correlated to its ability to permeabilize the 
cell membrane and interact with proteins. 
The eugenol action on the cytoplasmic 
membrane has been confirmed in previous 
studies as it increased the transport of 
potassium and ATP out of the cells (Walsh et 
al., 2003; Gill and Holley, 2006 and 
Hemaiswarya and Doble, 2009). The 
chemical compound of eugenol contains 
hydroxyl group. Also, it is thought to bind to 
and affect the properties of proteins, thereby 
contributing to eugenol inhibitory effect at 

sub-lethal concentrations. Clove oil contains 
a large number of effective components and 
has very intense aroma and clove oil showed 
effects on improving digestion and inhibiting 
microorganism growth, which have been 
proved by modern pharmacological studies. 

Many studies have shown that the 
essential oil of sage plant contains important 
free radical sensors such as saponins, 
alkaloids, phenolic and flavonoids 
compounds that may have a direct effect on 
ROS activity by trapping them or an indirect 
effect by increasing the production of 
intracellular antioxidant enzymes (Mbaye et 
al., 2019). Sage was used in ancient 
Egyptian, Roman and Greek medicines. The 
ancient Egyptians used it as a fertility drug, 
while the Greeks used sage to stop bleeding 
of wounds and to clean sores and ulcers, 
towards cough and hoarseness, enhancing 
memory functions, for gargles to treat sore 
throats and mouths. Sage herb and oil is well 
known for carminative, antiseptic, astringent, 
antispasmodic and antihidrotic properties. 
Antioxidant properties of sage were found to 
be related with presence of rosmarinic acid, 
salvianolic acid, carnosic acid and its 
derivates (Karakaya et al., 2011). 

Cold storage of cut flowers encourage 
the adjustment of flowers and other planting 
material supplies against market demand and 
enables accumulation of large quantities 
(Senapati et al., 2016). Temperature assumed 
is the most important factor affecting the 
quality and longevity of cut flowers and 
there  a negative correlation observed 
between the increasing temperature and 
reduction of cut flower longevity under 
physiological temperatures, (Cevallos and 
Reid, 2000). Using low temperatures during 
storage are important for the conservation of 
these flowers in addition to inhibiting 
bacterial infections; it reduces ethylene 
production and degradation of certain 
enzymes. Boonyakiat (2005) have reported 
that, low temperatures could reduce the 
respiration rate and the carbohydrate 
consumption in addition to inducing a 
reduction in the sugar accumulation, whereas 
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high temperatures induce growth and 
development as well as senescence. 
Refrigerated storage of flowers is an 
influential process to preserve them during 
the periods of descent or drop in demand. 
Besides, storage is a considerable utility to 
hold the flowers days of rise or tip demand 
and also offers possibility to long term 
shipment. Short  shelf life is one of the most 
paramount problems of the cut flowers. 
However, extending shelf life of cut flowers 
is an important factor in consumer 
preference. 

The current work aims to examine the 
effects of essential oils (clove and sage) as 
preservative solutions, or spray treatments as 
well as under long term of storage at low 
temperatures for three periods on quality and 
vase life of cut inflorescences of Gladiolus 
grandiflorus. 

MATERIALS AND METHODS 

The present trial was undertaken at the 
Postharvest Laboratory of Ornamental Plants 
and Landscape Gardening Res. Dept., Hort. 
Res. Inst., Giza, Egypt during two successive 
seasons (2019 and 2020) to evaluate the 
response of gladiolus cut inflorescence to 
some postharvest treatments.  

The fresh inflorescences (Gladiolus 
grandiflorus) were brought from local 
commercial farm (Al-Qanater Alkhayriuh) 
after picking up them in the early morning 
(in colored bud stage) with almost 3-5 leaves 
and quickly transported to the lab, then the 
leaves on the lower third of the stem were 
removed. In the Lab, the cut flowers were 
firstly pre-cooled to remove the field heat, 
selected for uniformity and the stem bases 
were re-cut under water to a length nearly 70 
cm. The prepared cut flowers were divided 
to 4 groups, and then subjected to the 
following treatments in two independent 
experiments:  

In the first experiment, the bases of 
inflorescence stems of the first group were 
hold in clear glass jars (3 stems/jar). The jars 
were filled with about 350 ml of one of the 
following preservative solutions:  

1. Distilled water as control. 

2. 8-HQC (8-Hydroxyquinoline citrate) at 
200 ppm + sucrose at 20 g/l. 

3. Clove oil at 1 mg/l + sucrose at 20 g/l. 

4. Clove oil at 2 mg/l + sucrose at 20 g/l. 

5. Sage oil at 1 mg/l + sucrose at 20 g/l. 

6. Sage oil at 2 mg/l + sucrose at 20 g/l. 

Tween-20 (0.1 ml/l) were used as a 
surfactant (wetting agents). 

In the second experiment, the other three 
groups were subjected to cold storage for 
periods of 5, 10 and 15 days after spraying 
spikes with: 

1. Distilled water (D.W .) as control. 

2. 8-HQC (8-Hydroxyquinoline citrate) at 
200 ppm. 

3. Clove oil at 1 mg/l. 

4. Clove oil at 2 mg/l. 

5. Sage oil at 1 mg/l. 

6. Sage oil at 2 mg/l. 

Then, left them to dry in the laboratory 
atmospheric. Then the flowers were warped 
and packed in card bored boxes at 5 ℃. 

The two experiments were carried out 
under ambient temperature 20±2 °C, 60±2 
RH and 20 µmolm-2s-1, light intensity under 
a daily light period of 12 h, then the cut 
flowers were placed individually in glass 
bottles (500 ml) with 350 ml of the 
experiment solution plus citric acid at 200 
mg/l + sucrose at 20 g/l in second 
experiment. 

Collected data were: 

 Weight loss during cold storage (%): 
measure  the lack of weight in cut spikes 
after storage periods. 

 Vase life (days): the duration between the 
start of treatment until the senescence the 
third of stem of cut flowers in vase 
solutions. 

 Water loss (g/inflorescence): cumulative 
the rate of water loss was recorded for the 
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entire period of vase life of the cut 
flowers. 

 Solution uptake (g/inflorescence): 
solution uptake of vase solution was 
measured daily by weighing the vase 
solution. 

 Relative fresh weight (%): the fresh 
weight of cut flowers was recorded daily 
in 1, 3, ... etc. during the experiment in 
both seasons. Relative fresh weight of cut 
stems of flowers was calculated using the 
following formula: 

RFW (%) = 

Fresh weight of  
stem in mentioned day 

× 100 
Fresh weight of stem in 

zero day 

 Floret opening (%): the total numbers of 
florets on each spike have listed on the 
day of harvest and the total numbers of 
fully opened florets on each spike have 
counted flowers. 

Percent of opened 
florets/spike 

= 

Number of opened 
flowers/spikes 

Total number of 
flowers/spikes 

 Dry weight percentage of cut flowers (%): 
At the end of flower vase life, fresh 
weight of flower of each treatment was 
calculated and then dried to a constant 
weight in an oven for 24 h at 72 °C.  

 Determination of microbial count: 
bacterial counts in the vase solution (log10 
CFU ml-1) according to De Witte and Van 
Doorn (1988). 

Chemical analyses: 

 Chlorophyll a and b and carotenoids 
(mg/g f.w.) in leaves, according to Saric 
et al. (1976). 

 Total indoles (g/100 g), according to 
A.O.A.C. (1990).  

 Total phenols (%), according to A.O.A.C. 
(1990). 

 The total sugars and reducing sugars 
(mg/g dry weight), according to Smith et 
al. (1956). 

Data were grouped and statistically 
analyzed according to SAS Institute program 
(2009) followed by Duncan’s New Multiple 
Range Test (Steel and Torrie, 1980) to verify 
the significance among means of different 
treatments. The objective of this study 
project is to determine whether plant 
essential oils can be used as an antibacterial 
agent to eliminate microorganisms. 

RESULTS AND DISCUSSION 

The first experiment : 

Vase Life (days):  

Regarding to the effect of holding 
solutions of  essential oils (EOs) treatments, 
that include clove and sage oils  as well 8-
Hydroxyquinoline citrate on vase life, data 
presented in Table (1) showed that, all 
treatments increased vase life of Gladiolus 
grandiflorus and clove oil at 1 mg/l + 
sucrose at 20 g/l under room temperature 
was the best treatment prolonged the cut 
fresh inflorescences vase life (17.33 and 

Table 1. The effect of essential oils treatments on vase life (day), water uptake
(g/inflorescence) and water loss (g/inflorescence) of gladiolus cut flowers
during the two seasons 2019 and 2020. 

Treatments 
Vase life Water uptake Water loss 

First 
season 

Second 
season 

First 
season 

Second 
season 

First 
season 

Second 
season 

Distilled water 9.67e 10.33f 62.99f 78.48f 116.3b 126.8b 

HQC at 200 ppm + sucrose at 20 g/l 11.67d 12.33e 79.05d 89.56d 121.0a 128.2a 

Clove oil at 1 mg/l + sucrose at 20 g/l 17.33a 18.33a 98.29a 111.5a 36.37c 42.69c 

Clove oil at 2 mg/l + sucrose at 20 g/l 16.33b 17.33b 89.08b 104.6b 31.98e 36.71e 

Sage oil at 1 mg/l + sucrose at 20 g/l 15.67b 16.33c 84.50c 82.93e 34.59d 38.30d 

Sage oil at 2 mg/l + sucrose at 20 g/l 14.33c 14.67d 76.30e 99.35c 28.01f 35.51f 
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18.33 days) compared to control (9.67 and 
10.33 days) in the first and second seasons, 
respectively. These results are in accordance 
with those reported by Shanan et al. (2010) 
who found that, the maximum vase-span 
over the two seasons was recorded with dill 
oil followed by coriander in Dianthus 
caryphyllus. El-Hanafi (2007) showed that, 
applying different essential oils to vase 
solution reduced the pH and prolonged of cut 
flowers vase life. The remarkable acidity of 
the vase solution in the presence of oils may 
be attributed to some of their acidic 
components in vase solution and acidic pH 
in petal sap which is associated with better 
viability of petals.  

Water uptake (g/inflorescence):  

It is evident from data presented in Table 
(1) that all holding solutions used in this 
study raised the amount of water up taken by 
flowering stems throughout vase period with 
various significant differences as compared 
to the amount up taken by flowering stems  
ranked in D.W. in the two seasons.  The  
excellence was for clove oil at 1 mg/l + 
sucrose at 20 g/l that recorded the utmost 
high values of water uptake in both seasons 
(98.29  and 111 g/inflorescence) comparison 
with the rest of the transactions under trial. 
Antibacterial activity of plant essential oils 
can be refer to the chemical constituents and 
functional groups present in plant essential 
oils, the proportions in which they are 
present, and the interactions between them 
(Dorman and Deans 2000), then the 
antibacterial agents (EOs) that will keep the 

solution free from most of microorganisms 
and can form occlusion inside the stem 
obstructing the flow of solution to the 
flower. These effects of essential oils agreed 
with the finding of Solgi et al. (2009) who 
revealed that treatment with essential oils 
had significant effect on the solution uptake, 
fresh weight and vase life cut gerbera 
‘Dune’. 

Water loss (g/inflorescence):  

Data presented in Table (1) illustrated 
that water loss of cut stems was the highest 
in flowers treated with HQC at 200 ppm + 
sucrose at 20 g/l followed by distilled water 
as control treatment. Using sage oil at 2 mg/l 
+ sucrose at 20 g/l that may be attributed to 
the fact that the availability of more sugars 
could  increase the respiration rate thereby 
leading to excess water loss through 
transpiration. Transpiration loss  appeared 
when water moves unhindered through 
xylem vessels. Essential oils help in reducing 
the microbial growth in xylem vessels thus 
enhancing the water uptake and subsequent 
transpiration loss through flowers. Similar 
results were also found in a previous study 
by Gani et al. (2018) on cut carnation. 

Relative fresh weight (%):  

According to the data presented in Table 
(2), it can be concluded that, all holding 
solutions caused a positive increment 
compared to holding in D.W. in both 
seasons. Treated cut stems of gladiolus with 
clove oil at 1 mg/l with sucrose at 20 g/l 
gave a reduction in fresh weight loss, that 

Table 2. The effect of essential oils treatments on relative fresh weight (%), floret
opening (%) and dry weight (%) of gladiolus cut flowers during the two 
seasons 2019 and 2020. 

Treatments 
Relative fresh weight Floret opening Dry weight 

First 
season 

Second 
season 

First 
season 

Second 
season 

First 
season 

Second 
season 

Distilled water 87.08d 93.10f 45.49f 48.06f 10.27e 11.41f 

HQC at 200 ppm + sucrose at 20 g/l 93.01c 103.1d 55.60e 56.66e 12.58d 12.96e 

Clove oil at 1 mg/l + sucrose at 20 g/l 122.0a 132.2a 92.68a 92.13a 16.44a 17.54a 

Clove oil at 2 mg/l + sucrose at 20 g/l 99.86b 107.0b 84.93b 86.26b 15.19b 16.19b 

Sage oil at 1 mg/l + sucrose at 20 g/l 99.61b 104.5c 76.48c 73.27c 15.45b 15.82c 

Sage oil at 2 mg/l + sucrose at 20 g/l 93.01c 99.44e 65.70d 72.13d 13.75c 14.76d 
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could be the result of the anti-microbial 
property of clove oil in reducing the 
microbial proliferation  which may be helps 
in improving water balance and increasing 
the amount of water uptake, which reflected  
on increasing of fresh weight of cut flowers. 
These results are in agreement with the 
findings of Kazaz et al. (2020) they pointed 
out that, thymol treatment at 150 mg/l with 
1% sucrose significantly delayed relative 
fresh weight loss. 

Floret opening (%):  

Data in Table (2) showed marked 
differences in floret opening (%) of 
Gladiolus grandiflorus. when subjected to 
the different treatments. The data cleared that 
all treatments increased opening percentage 
of gladiolus flowers with superiority for the 
treatment of clove oil at 1 mg/l. with sucrose 
at 20 g/l, as it gave almost double that 
percentage of opening florets which obtained 
from cut flowers treated with distilled water. 
The results are  in a parallel line with those of 
Zaky and Amin (2013) who stated that, 
dipping cut calla flowers in 1 ml/l anise and 
eucalyptus oils increased significantly the 
percentage of flower opening also,  Zaky and 
El Zayat (2008) observed that dipping cut 
carnation flowers in  jasmine oil solution at 
(0.015 and 0.030%) for one  hour were most 
effective on increasing the percentage of 
flower opening. 

Dry weight (%):  

As shown in Table (2)  a higher dry 
weight of cut flowers was maintained in 
spikes which placed in clove oil at 1 mg/l + 
20 g/l sucrose than those of the control. 

Relevant values for the maximum increase in 
the dry weight were 16.44% and17.54% in 
the first and second seasons,  respectively. 
However, the lowest  values of this parameter 
accompanied the control, which were  
10.27% and  11.41% during vase  life. The 
application of clove oil  increased dry weight 
percentage as well as  the percentage  of fresh 
weight in cut spikes of gladiolus. 

Bacterial counts in the vase solution (log10 
CFU/ ml):    

Change in bacterial number (Table, 3) 
showed that, growth inhibition impact on 
bacteria by applying essential oils during 
both seasons. The control treatment 
containing distilled water harbored the 
highest bacterial population densities 
(11.4and 10.8) in both seasons compared 
with those of 8-HQC (4.6 and 3.9) and the 
other examined oils.  Treating with clove oil 
at the two levels (1and 2 mg/l) appeared a 
superior antibacterial substance causing 
highly reduction in the average log count of 
total bacteria compared to the control of the 
experiment. The anti microorganisms  
properties of 8-HQC as well as the different 
essential oils and their protective effects on 
cut flowers of carnation in the vase solution 
were previously documented (Kushal et al., 
2003 b and El Hanafi, 2007). A vast array of 
available reports on anti microorganisms 
activities of the examined essential oils 
showed possible implications of such natural 
phyto-chemicals in vase solutions 
disinfection purposes (Lo Cantore et al., 
2004 and Saeed and Tariq, 2007). In this 
regard, Babu et al. (2011) stated that, 
essential oil of clove was also found to be 

Table 3. The effect of essential oils treatments on bacterial counts (log10 CFU/ ml). of
gladiolus cut flowers during the two seasons 2019 and 2020. 

Treatments First season Second season 
Distilled water 11.4 10.8 

HQC at 200 ppm + sucrose at 20 g/l 4.60 3.90 

Clove oil at 1 mg/l + sucrose at 20 g/l 1.00 1.00 

Clove oil at 2 mg/l + sucrose at 20 g/l 1.10 1.00 

Sage oil at 1 mg/l + sucrose at 20 g/l 3.00 2.60 

Sage oil at 2 mg/l + sucrose at 20 g/l 2.00 1.80 
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highly effective against Campylobacter 
jejuni followed by Escherichia coli and 
Staphylococcus aureus. Listeria 
monocytogenes and Methicillin resistant S. 
aureus were comparatively less sensitive to 
the action of essential oil of clove. 

Chemical analyses:  

Data presented in Tables (4 and 5) 
indicated that, essential oils treatments had 
positive effects on leaf content of 
photosynetic pigments in the leaves 
(chlorophylls a and b, total chlorophylls and 
carotenoids). Treating cut flowers with clove 
oil gave the highest means of the previous 
pigments as compared to the control. Several 
reports are also in accordance with the 
previous gains, such as those of Aziz et al. 
(2020) who postulated that, clove oil 
increased the chlorophyll content in some 
lily cvs. “Zambesi”, “Sorbonne”, and 
“Caesars”. Similarly, Teerarak et al. (2019) 
established that, the application of essential 
oils such as ginger oil decreased the 
retardation of chlorophyll (both a and b), 
lowered the accumulation of 

malondialdehyde and enhanced the 
scavenging activities. The great role of 
essential oils in enhancing photosynthetic 
pigments, may be attributed to the 
antioxidant properties of essential oils in 
maintenance of chlorophylls. The increase in 
chlorophylls is because of cells activity and 
increasing the production of sugars, that 
decreases chlorophyll loss by regulating the 
osmotic pressure and respiratory rate 
(Andersen et al., 2004). Values varied 
between parameters in total indoles and total 
phenols. On the other hand, control treatment 
gave the least value in total sugars 
percentage in leaves and flowers compared 
to the other treatments. Clove oil gave the 
maximum amount of total sugars in leaves of 
cut gladiolus.    

The second experiment: 

Weight loss during cold storage:  

Regarding the effect of storage periods 
on weight loss of cut spikes of gladiolus as 
shown in Table (6),   it     was    noticed   that  

Table 4. The effect of essential oils treatments on chlorophylls and carotenoids (mg/g
f.w.), total indoles (g/100 g) and total phenols (%) content of gladiolus cut
flowers and leaves. 

Treatments 
Chlorophyll In flowers In leaves 

Chl. a Chl. b 
Chl. 
a + b 

Caro. 
Total 

indoles 
Total 

phenols 
Total 

indoles 
Total 

phenols 

Distilled water 0.510 0.344 0.854 1.459 0.481 3.955 0.822 3.160 
8-HQC at 200 ppm + sucrose at 20 

/
1.075 0.117 1.193 1.874 0.484 3.663 0.837 2.965 

Clove oil at 1 mg/l + sucrose at 20 g/l 1.091 0.502 1.893 4.213 0.493 3.124 0.863 3.057 

Clove oil at 2 mg/l + sucrose at 20 g/l 0.971 0.513 1.484 2.302 0.556 3.118 0.824 2.720 

Sage oil at 1 mg/l + sucrose at 20 g/l 1.527 0.349 1.876 2.519 0.511 3.153 0.971 2.736 

Sage oil at 2 mg/l + sucrose at 20 g/l 0.556 0.176 0.732 2.689 0.521 3.100 0.926 3.030 
 

Table 5. The effect of essential oils treatments on total sugars (mg/g d.w.), reducing and
non-reducing sugars (mg/g d.w.) of gladiolus cut flowers and leaves. 

Treatments 

In leaves In flowers 

Total 
sugars 

Reducing 
sugars 

Non-
reducing 

sugars 

Total 
sugars 

Reducing 
sugars 

Non-
reducing 

sugars 
Distilled water 41.00 8.05 32.95 27.025 7.18 19.84 
8-HQC at 200 ppm + sucrose at 20 

/l
51.12 10.14 40.98 30.757 12.52 18.23 

Clove oil at 1 mg/l + sucrose at 20 g/l 55.14 9.54 45.60 34.536 8.04 26.49 

Clove oil at 2 mg/l + sucrose at 20 g/l 54.17 8.51 45.66 33.456 8.91 24.54 

Sage oil at 1 mg/l + sucrose at 20 g/l 48.01 10.46 37.55 35.695 13.96 21.73 

Sage oil at 2 mg/l + sucrose at 20 g/l 56.72 10.69 46.03 33.247 8.98 24.26 
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storage period for fifteen days had the 
maximum reduction of weight during storage 
in comparison with the rest of the 
transactions , which achieved 2.33% and 
2.34%, while storage in five and ten days 
were (1.22 and 1.26%) and (1.93 and 2.0 %) 
in the first and second seasons, respectively. 
As the storage period increases, the quality 
of stored cut flower decreases, this may be 
attributed to the   adverse  effects of 
prolonging cold storage on postharvest 
quality and water loss which accounts for the 
physiological loss in weight was less when 
cut flowers were stored in lower temperature 
due to vapor pressure deficit was smaller at 
short time of storage while in long term of 
cold storage thereby causing less moisture as 
well as weight loss. This result corresponds 
to Zencirkiran and Mengüç (2003) on 
alstroemeria “Ostara” cut flowers who found 
that, the respiration rate generally decreased 
during postharvest storage, and weight loss 
increased relation to the length of storage 
duration.  Kushal et al. (2003, a) showed  
that, an increasing in percent weight loss on 
gladiolus with increasing storage period. 
Ranwala and Miller (2005)  found that, cold 
storage caused several adverse effects on 
postharvest quality, including accelerated 
leaf yellowing or browning and reduced 
flower or inflorescence longevity. Cut spikes 
of gladiolus response differed to the 
treatments, with the effect of storage 
conditions and periods it has been observed 
that distilled water gave the highest values in 
this concern. Clove oil at the two 

concentrations used, gave the lowest values 
of weight loss (at the first and second 
seasons) which confirms the effectiveness of 
treatment with essential oils on the cut 
flowers.   

Vase Life (days):  

From data averaged in Table (7) it is 
clear that all holding solutions contain 
essential oils of clove and sage used in this  
study prolonged the vase life of cut spikes of 
gladiolus with significant differences in the 
two seasons compared to holding either in 
D.W. or in 8-HQC. Moreover, the combined 
treatment of clove oil  + sucrose, was the best 
and the most effective in increasing the 
survival time of the gladiolus cut flowers in 
the vase, compared to the rest of the 
transactions, as each of them plays an 
important role prolonging vase life for cut 
flowers; sucrose provides flowers with 
energy necessary for fundamental cellular 
processes also it can effectively maintain 
the integrity of the structure of cut 
flowers, whereas clove oil is an 
antimicrobial agent while inhibits the action 
and activity of microorganisms and so they 
improve the vase life of cut flowers through 
delaying its senescence. Generally, non 
chemical alternatives such essential oils are 
being applied by many authors for 
prolonging vase life of many cut flowers 
(Hashemabadi et al., 2013; Bazaz et al., 
2015 and Bidarigh, 2015). Also, Mirdehghan 
et al. (2016) studied the activity of essential 
oils in extending the cut flowers vase life,  

Table 6. The effect of essential oils treatments on weight loss (%) of gladiolus cut 
flowers under cold storage conditions during the two seasons 2019 and 2020. 

Cold storage 

Treatments Mean 15 days 10 days 5 days Mean 15 days 10days 5 days 
Weight loss 

Second season First season 
2.55 a 2.85a 2.45b 2.34bc 2.51a 2.83 a 2.30bc 2.41 b Distilled water 

1.83 b 2.25bc 2.10ce 1.15g 1.78b 2.23bc 2.00de 1.12 h HQC at 200 ppm 

1.59 d 2.18b-d 1.74 f 0.86h 1.57c 2.21bc 1.72 g 0.78 j Clove oil at 1 mg/l 

1.66cd 2.20b-d 1.81 f 0.96fg 1.57c 2.11cd 1.74 g 0.87 ij Clove oil at 2 mg/l 

1.76bc 2.28bc 1.89ef 1.10gh 1.73b 2.29bc 1.86eg 1.05hi Sage oil at 1 mg/l 

1.81 b 2.29bc 1.98df 1.17g 1.79b 2.33 b 1.94 df 1.10 h Sage oil at 2 mg/l 

 2.34 a 2.00b 1.26 c  2.33 a 1.93 b 1.22c Mean 
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and determined that addition of 2, 4 and 6 
mg/l of EOs of savory, 2 mg/l of ajowan and 
2 mg/l of thyme, to preservative solutions 
could extend significantly the vase-life of 
gladiolus compared to control. Besides, the 
essential oils (EOs) are natural antioxidant 
substances, could help cells to stand against 
free radicals and protect them and other 
macromolecules (e.g. photosynthetic 
pigments, proteins and lipids) from the 
influence of free radicals, thereby delaying 
leaf senescence.  

As for the storage effect, the results 
confirm that the superfluous storage led to a 
negative impact on vase life causing 
reduction via first and second seasons. 
Bayleyegn et al. (2012) stated that, long 
periods of storage ultimately had negative 
effects on the ultimate vase life of the cut 
rose flowers. Walton et al. (2010) found that, 
the vase life of fresh peonies extended 5 days 
longer than that of flowers stored for 8 
weeks. On the other side, data in Table (5) 
indicate that holding in clove oil at 1 mg/l + 
sugar at 20 g/l under cold storage for 5 days 
gave the maximum vase life (16.67 and 

17.67 days in the first and second seasons, 
respectively) in comparison with all used 
transactions  especially with the vase life of 
control which was (7.00 and 7.33days, 
respectively) under 15  days cold storage  in 
two seasons.   

Relative fresh weight (%):  

Data illustrated in Table (7) showed that, 
all holding solutions caused a positive 
increment in relative fresh weight compared 
to the control treatment (D.W.) in both 
seasons. The highest reduction percentages 
of the flower fresh weight over the two 
seasons were 87.06 and 96.24% recorded in 
control treatment. On the other hand, the 
corresponding values in clove oil at 1 mg/l, 
clove oil at 2 mg/l, and sage oil at 1 mg/l 
were (103.21, 101.95 and 101.90% in the 
first season) and (114.77, 111.49 and 
115.25% in the second season) which were 
the highest percentages in increasing relative 
fresh weight during current study. It was 
observed that most of the essential oil 
treatments showed similar effects. The 
influence of oils on improving fresh weight  
is due to the presence of phenolic 

Table 7. The effect of essential oils treatments on vase life(days) and relative fresh 
weight (%) of gladiolus cut flowers under cold storage conditions during the 
two seasons 2019 and 2020. 

Cold storage 

Treatments 
Mean 15 days 10 days 5 days Mean 15 days 10 days 5 days 

Vase life 

Second season First season 

8.78d 7.33j 9.33h 9.67h 8.44d 7.00j 9.00i 9.33hi Distilled water 

11.11c 10.00h 11.33fg 12.00ef 10.44c 9.33hi 11.00fg 11.00fg HQC at 200 ppm 

14.33a 12.00ef 13.33d 17.67a 13.44a 11.00fg 12.67ed 16.67a Clove oil at 1 mg/l 

13.56b 11.33fg 15.00be 14.33e 13.11a 10.33gh 14.67b 14.33b Clove oil at 2 mg/l 

13.44b 12.67de 12.33d-f 15.33b 13.11a 11.67d-f 12.33e-c 15.33b Sage oil at 1 mg/l 

11.56c 10.33gh 11.33fg 13.00de 11.33b 9.67hi 11.33e-g 13.00c Sage oil at 2 mg/l 

 10.61c 12.11b 13.67a  9.83c 11.83b 13.28a Mean 

Relative fresh weight  

96.24 e 80.40l 86.68jk 121.64e 87.06c 80.03l 75.27m 105.87 d Distilled water 

105.29d 84.83k 100.25h 130.77d 95.50b 80.63kl 86.73i 119.13b HQC at 200 ppm 

114.77a 90.79i 113.87f 139.65b 103.21a 83.25j 99.48e 126.89a Clove oil at 1 mg/l 

111.49b 98.61h 100.46h 135.39c 101.95a 89.95h 95.40f 120.48b Clove oil at 2 mg/l 

115.25a 91.44i 107.24g 147.06a 101.90a 81.53j-l 95.70f 128.46a Sage oil at 1 mg/l 

107.32c 88.07j 100.33h 133.55c 96.71b 82.96jk 92.76g 114.41e Sage oil at 2 mg/l 

 89.02c 101.47b 134.68a  83.06c 90.89b 119.21a Mean 
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compounds (important antioxidant 
compounds), and protecting from the 
membrane leakage and maintain fresh 
weight. Analogously observations were also 
elicited by Solgi et al. (2009) showed that, 
treatment with essential oils (thymol, 
carvacrol, garden thyme) had a significant 
effect in maintaining the fresh weight and 
prolonging vase life cut gerbera “Dune”. 
Moreover, the impact of extract of ajowan 
oil had a beneficial effect on fresh weight 
(%) and vase life of cut gladiolus (Marandi 
et al., 2011). Bayat et al. (2013) mentioned 
that, different preservatives containing 
essential oil showed positive effects on both 
relative fresh weight and freshness of flower.  

With regard to the effect of storage 
periods on weight it was noted that there was 
decrease in relative fresh weight with the 
increase in storage periods, due to flower 
transpiration decreased the capacity of 
flowers to absorb water from solutions or 
both during storage periods. Similar results 
were reported by Jain et al. (2007) on rose 
and Varu and Barad (2008) on tuberose. In 
the same Table (7) data clarify  that, cold 

storage before holding was found to induce a 
negative effect on vase life of gladiolus 
inflorescences. The treatment with sage oil + 
storage conditions for five days  achieved 
superiority  compared to the control and other 
treatments, also, sage oil at 1 mg/l combined 
with sucrose at 20 g/l gave 128.46 
and147.06% in the first and second seasons, 
respectively. It was showed superior results 
as reported by Gani  et al. (2018) they found 
that, sage oil gave higher fresh weight than 
control (distilled water), due to the beneficial 
effect of essential oils could be related to 
their antioxidants activity and also to their 
antimicrobial properties. In corresponds to 
this opinion, Gomes et al. (2002) mentioned  
that, sage is one of the strongest antioxidants 
among medicinal herbs, which is reflected 
on the maintenance turgidity of cut flowers 
as well as fresh weight of cut flowers.  

Water uptake (g/inflorescence):  

By the perusing of the data in the Table 
(8) it is clear that, all preservatives solutions 
used in this experiment raised the amount of 
water up taken by flowering stems 

Table 8. The effect of essential oils treatments on water uptake (g/inflorescence) and 
water loss (g/inflorescence) of gladiolus cut flowers under cold storage 
conditions during the two seasons 2019 and 2020. 

Cold storage 

Treatments 
Mean 15 days 10 days 5 days Mean 15 days 10 days 5 days 

Water uptake     

Second season First season 

54.57e 47.28j 52.38i     64.05ed  42.93d  37.29l  50.03i 41.46k Distilled water 

55.70d 55.46h 52.42i 59.22fg 51.74c 49.77i 50.49hi 54.94ef HQC at 200 ppm 

70.59a 62.22de 61.21ef 88.34a 65.59a 53.48fg 58.13d 85.16a Clove oil at 1 mg/l 

66.48b 61.17ef 62.43de 75.85b 56.45b 49.33i 59.37cd 60.65c Clove oil at 2 mg/l 

70.37a 64.82c 58.45g 87.83a 65.22a 57.93d 55.81e 81.91b Sage oil at 1 mg/l 

61.93c 55.51h 56.12h 74.16b 52.31c 45.57j 52.40gh 58.97cd Sage oil at 2 mg/l 

 57.74b 57.17b 74.91a  48.90c 54.37b 63.85a Mean 

Water loss  

80.33a 113.99b 67.12e 59.88f 68.69b 94.91b 60.48f 50.67h Distilled water 

81.44a 121.48a 66.75e 55.79g 70.26a 107.29a 53.47g 50.00h HQC at 200 ppm 

63.35d 93.08d 48.42i 48.55i 53.85f 69.74d 45.29j 46.52ij Clove oil at 1 mg/l 

70.09c 109.20c 52.83h 48.23i 60.52d 84.75c 50.44h 46.36ij Clove oil at 2 mg/l 

63.02d 94.59d 43.94j 50.51hi 58.31e 68.66d 41.95k 64.31e Sage oil at 1 mg/l 

73.26b 111.27c 56.44g 52.07h 62.24c 86.62c 51.13gh 48.98hi Sage oil at 2 mg/l 

 107.3a 55.92b 52.51c  85.33a 50.46b 51.14b Mean 
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throughout the vase period as compared to 
the amount that in control, in the both 
seasons. Generally, using essential oils led to 
tremendous results as the maximum water 
uptake values (65.59 and 65.22 g) and (70.59 
and 70.37 g) were recorded in flowers kept 
in clove oil at 1  mg/l and sage oil at 1 mg/l) 
in both seasons respectively. On the contrary 
the lowest cumulative water uptake (42.93 
and 54.57 g) was recorded in the control. 
This may be attributed to the role of essential 
oils in the presence of sucrose on vase 
solution, the sucrose in vase life treatment 
had a positive effect on the mechanical 
rigidity of the stem and could induce cell 
wall thickening and lignification of vascular 
tissue as reported by Jafarpour et al. (2015). 
As for essential oils (such as sage and clove 
oils) they contain a wide variety of 
secondary metabolites that are suppressing 
the growth of microorganisms  via membrane 
and cytoplasm.  The aforementioned results 
are in well agreement with those manifested 
by Gani et al.  (2018) who decided that, 
essential oils exhibit inhibitory effect on 
uptake of oxygen and oxidative 
phosphorylation of pathogens, which causing 
disturbance in cytoplasmic membrane, active 
coagulation of cell contents, disrupting 
proton motive force and thus release energy 
depletion which in turn improves water 
uptake. Moreover, in Antirrhinum majus, 
sugar was most effective when applied to 
vase solutions in combination with a biocide 
to inhabit the growth of microorganisms in 
xylem vessels and maintain water uptake, 
thus prolonging the longevity of cut flowers 
(Asrar,2012). In relation t o  the interaction 
treatments, data in Table (8), reveal that cut 
flower spry with clove improved the solution 
uptake and gave great values compared to all 
treatments under less storage period in this 
study. 

Water loss (g/inflorescence):  

According to data presented in Table (8), 
flowers treated with clove oil at 1  mg/l as 
spray then held to vase solution containing 
citric acid at 200 mg/l with sucrose at 20 g/l 
had lower rate of water loss and gave 53.85 - 

63.35 g compared to 68.69 - 80.33 g in the 
control treatment with significant differences 
in the two seasons. On the other hand, data 
in the same Table indicated that treatment 
with sage oil at 1mg/l was the most effective 
on decreasing water loss compared with the 
control and the other holding solutions 
throughout holding cut flower stems in vase 
solution, and to be close to the effect of 
clove oil treatment in both seasons. 
Likewise, Shanan (2012) indicated that, 
essential oils increased the water uptake by 
reducing both transpiration rate and water 
loss, which increased vase life of rose cut 
flower. Also, this reduction in water loss 
may imply that sucrose induces the closure 
of stomata, eventually reducing the loss of 
water, thereby reducing transpiration. Many 
workers also reported a significant positive 
role of sugars on cut flowers; Possiel (2008) 
cleared that, carbohydrates acting as 
osmolytes, decreased water loss. An 
increasing pattern was observed afterwards 
from the beginning of storage for five days 
till the end of storage for two weeks in life 
span after storage during two seasons. The 
data concerning the effect of preservatives 
solutions and storage periods and their 
interaction on water uptake are presented in 
Table (8). In relation to the interaction 
treatments, these data reveal that spray with 
sage oil at1 mg/l was more effective in 
reduction loss of water in cut gladiolus 
compared to other treatments.   

Floret opening (%):  

The results in Table (9) showed that, all 
the used materials (included HQC at 200 
ppm., clove oil at 1 mg/l, 2 mg/l and sage oil 
at 1 mg/l, 2 mg/l with vase solution 
containing citric at 200 mg/l + sucrose at 20 
g/l) led to increase the percent of the fully 
opened florets per inflorescence of cut 
gladiolus spikes compared with the control 
treatment which had the lowest percent of 
the opened florets in both seasons. The 
highest percentage resulted from the 
transaction with clove oils at two 
concentrations in both seasons under this 
experiment. Positive response to essential oil  
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addition to vase solution of cut flower water 
up take, relative fresh weight and freshness 
has been reported (Bayat et al., 2013). 
Whereas, Zaky and Amin (2013) observed 
that, dipping cut calla flowers in 1 ml/l anise 
and eucalyptus oils increased significantly 
the percentage of flower opening. Sucrose as 
a respiratory substrate and as an osmolite 
maintained the water balance, increased 
number of open buds, bud opening speed, 
improved color of petals and extended 
longevity of cut flowers. (Bosma and Reid, 
2002 and Kumar and Deen, 2017). 

Dry weight (%):  

It can be concluded from Table (9) that 
all treatments significantly enhanced the 
percentage of dry matter and the clove oil at 
both concentrations as well as sage oil at 1 
mg/l achieved great values compared to 
control (distilled water)  due to the positive 
effect of essential oils on cut flowers. The 
findings were in parallel with that obtained 
by Basiri et al. (2011) who found that, 
enhancing dry matter by using antimicrobial 
agent. Blankenship and Dole (2003) noticed 
that, there is positive impact of essential oils 

and 8-HQC on dry matter percent and 
attributed this to their antimicrobial 
properties and the decrease rate of 
respiration.  

Bacterial counts in the vase solution (log10 
CFU ml-1):  

The highest microbial count was 
recorded in control, whereas, the lowest one 
was recorded in cut flowers treated with 
clove oil at 1 mg/l as spray and held in 
biocide solution contain citric acid at  200 
mg/l + sucrose at 20 g/l, with consideration, 
all treatments gave better results than control 
and clearly reduced the number of bacteria in 
the vase solution (Table, 10). The oil of 
clove gave a excellence result and inhabited 
microorganisms in vase solution that may be 
attributed to its components mostly of 
eugenol, which is responsible for the 
antimicrobial activity of the oil, since it has 
the capacity to penetrate the cytoplasmic 
membrane of the microorganisms thereby 
increasing the non-specific permeability of 
the same, which can cause the rupture of 
membrane and microbial death. These 
findings agreed with the findings of Affonso 

Table 9. The effect of essential oils treatments on floret opening (%) and dry weight (%) 
of gladiolus cut flowers under cold storage conditions during the two seasons 
2019 and 2020. 

Cold storage 

Treatments 
Mean 15 days 10 days 5 days Mean 15 days 10 days 5 days 

Floret opening 

Second season First season 

31.72 e 24.86m 33.58l 36.73k 32.3f 25.56o 34.16 n 37.19m Distilled water 

47.14d 41.84j 47.76i 51.82h 46.90e 41.08i 47.31k 52.31j HQC at 200 ppm 

67.21b 66.37e 75.59ab 59.67g 76.08a 65.97e 75.15b 87.10a Clove oil at 1 mg/l 

72.08a 65.75e 76.05a 74.43b 71.49b 64.5f 75.32b 74.60h Clove oil at 2 mg/l 

71.58a 68.95d 71.10c 74.68b 70.02c 68.88d 69.11d 72.69e Sage oil at 1 mg/l 

61.52c 62.41f 58.51g 63.68f 60.43d 63.10g 57.00i 61.18h Sage oil at 2 mg/l 

 55.03b 60.43a 60.16a  54.85c 59.68b 64.18a Mean 

Dry weight  

15.68 c 14.24i 17.17eg 15.63h 13.72c 11.62j 15.44d-14.08g-i Distilled water 

16.55b 15.74h 17.90de 16.92gh 14.37c 12.86ij 15.77d-f 14.49f-h HQC at 200 ppm 

18.57a 17.96de 21.34a 16.41f-h 16.65a 16.31c-e 19.80a 13.85hi Clove oil at 1 mg/l 

18.11a 17.48df 20.57ab 16.28f-h 16.80a 17.92b 17.48bc 15.17d-
h

Clove oil at 2 mg/l 

18.43a 17.21eg 19.68bc 18.41de 16.13a 15.75d-f 17.57bc 15.06d-
h

Sage oil at 1 mg/l 

17.16b 16.55fh 18.65cd 16.29d-
h

15.33b 14.60f-h 16.46cd 14.93e-
h

Sage oil at 2 mg/l 

 16.53b 19.22a 16.51b  14.85b 17.09a 14.60b Mean 
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et al. (2012) and Mekinić  et al. (2014) who 
determined the highest content of total 
phenolics and non-flavonoids in the sage 
extract, and it showed the best antibacterial 
activity, especially against gram-positive 
bacteria and E. coli. Generally, essential oil 
components attack the cell wall and react 
with enzymes responsible for synthesis of 
cell wall can be causing pathogen death. 
Moreover, the antibacterial properties of 
essential oils due to their lipophilic character 
that accumulate in bacterial membranes 
causing energy depletion. In many scientific 
researches, antimicrobial properties of 
essential oils were related to their phenolic 
and non-phenolic compounds which showed 
strongest inhibitory effects, followed by 
ketones and aldehydes. The monoterpene 
hydrocarbons were less active and it has 
been found that this behavior depends on the 
free hydroxyl group from the alcohols. These 
constituents affect cell membrane 
permeability, and able to disintegrate the 
outer membrane of gram-negative bacteria 
and increasing the permeability of the 
cytoplasmic membrane to ATP. 

 The mechanism of action is considered 
to  be the disturbance of the cytoplasmic 
membrane,  disrupting the proton motive 
force, active transport, electron flow, and 
coagulation of cell contents (Kotzekidou et 
al., 2008 and Sharma and Tripathi, 2008). As 
for interaction treatments, prolonged storage 
(stored cut flowers of gladiolus for 15 days) 
of cut flowers has been found to have 
adverse effect on cut flowers, probably due 
to microbial proliferation. 

Chemical analyses:  

Data illustrated in Tables (from 11 to 
13), demonstrate that, almost all preservative 
solutions decreased the degradation of 
chlorophyll and preserved total chlorophyll 
content compared with the control. Data 
proved that the most significant increase in 
chlorophyll content than other treatments 
was recorded the treatment of clove oil  
(especially at low dose 1 mg/l) followed by 
the other concentration of clove oil at 2 mg/l. 
The current study revealed that the change in 
chlorophyll content of gladiolus cut flowers 
was decreased with increasing storage 
periods. This may be reasonable because of 
the roles of essential oil which, partially 
prevent the impact of ethylene as confirmed 
by Prabha et al. (2018) who indicated that, 
essential oils reduced ethylene production in 
cut flowers. Consequently, treated cut 
flowers with clove and sage oils may inhibit 
ACC-oxidase activity that is the direct 
precursor of ethylene and decrease ROS 
(reactive oxygen species) with increase 
enzyme antioxidant activity and decrease the 
number of bacteria. In relation to the effect 
of essential oils treatments on total indoles 
and total phenols of gladiolus cut flowers, 
data recorded data in Tables (12 and 13) 
showed that, the level of total indole content 
generally increased with treating cut flowers 
with sage oil and then held in vase solution 
contain biocide (citric acid) with sucrose 
giving a slight  increase compared with 
control and other treatments. A similar trend 
was obtained regarding the effect of holding 
solutions accomplished in the current study, 
as  the   most  transactions  achieved  slightly  

Table 10. Effect of essential oils treatments and storage period on bacterial counts (log10

CFU ml-1) on solution vase life of gladiolus cut flowers at the end of longevity. 

Treatments 
Cold storage 

5 days storage 10 days storage 15 days storage 

Distilled water 6.0 9.2 12.0 

HQC at 200 ppm  4.6 6.4 7.5 

Clove oil at 1 mg/l 2.3 4.8 5.6 

Clove oil at 2 mg/l  3.6 4.6 5.5 

Sage oil at 1 mg/l  3.8 5.8 6.7 

Sage oil at 2 mg/l  4.2 5.6 6.6 
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variable ratios of the amount of total phenols 
in the leaves and flowering stems in 
comparison to D.W. 

Data in Tables (14 and 15) showed that 
gladiolus cut spikes when placed in 
preservative solution containing clove oil 
had the maximum value of total sugars 
content compared to control. Increasing 
amount of total sugars may be attributed to 
sucrose role in cut flowers. This finding was 
demonstrated before by Gendy (2000) on 
gladiolus and Gendy and Mahmoud (2012) 

who stated that, sucrose treatment increased 
total sugars percentage in bird of paradise. 

REFERENCES 

A.O.A.C. (1990). Official Methods of 
Analysis of the Association of Official 
Analytical Chemists, 15th Ed. 
Washington D.C., USA. 1298 p. 

Affonso, R.S.; Rennó, M.N.; Slana, 
G.B.C.A. and França, T.C.C. (2012). 
Chemical and biological aspects of the 
essential  oil   of   Indian  cloves.  Revista  

Table 11. The effect of essential oils treatments on chlorophylls and carotenoids (mg/g 
f.w.) of gladiolus cut flowers. 

Cold storage 
Treatments 15 days storage 10 days storage 5 days storage 

Caro. Chl.b Chl.a Caro. Chl.b Chl.a Caro. Chl.b Chl.a 
1.040 0.064 0.153 1.023 0.062 0.150 1.034 0.156 0.529 Distilled water 

1.070 0.363 0.691 1.372 0.224 1.562 1.489 0.214 0.951 HQC at 200 ppm  

2.181 0.369 0.787 1.139 0.656 2.104 1.153 1.436 2.181 Clove oil at 1 mg/l 

1.141 0.297 0.334 1.164 0.663 0.963 1.174 0.214 0.970 Clove oil at 2 mg/l  

1.488 0.126 0.238 1.401 0.399 0.758 1.442 0.252 0.752 Sage oil at 1 mg/l  

1.891 0.336 0.615 1.956 0.251 0.773 2.007 0.311 0.965 Sage oil at 2 mg/l  

 
Table 12. The effect of essential oils treatments on total indoles (mg/100 g) and total 

phenols (%) contents of gladiolus cut flowers. 
Cold storage 

Treatments 15 days storage 10 days storage 5 days storage 
Total 

phenols 
Total  
indoles 

Total 
phenols 

Total  
indoles 

Total 
phenols 

Total  
indoles 

3.479 0.213 3.229 0.350 3.035 0.357 Distilled water 

2.955 0.259 3.114 0.396 3.105 0.488 HQC at 200 ppm  

3.147 0.228 3.106 0.385 3.312 0.396 Clove oil at 1 mg/l 

3.453 0.408 2.941 0.379 2.843 0.387 Clove oil at 2 mg/l  

3.299 0.464 3.286 0.574 3.073 0.506 Sage oil at 1 mg/l  

3.322 0.685 3.262 0.617 2.979 0.738 Sage oil at 2 mg/l  

 
Table 13. The effect of essential oils treatments on total indoles (mg/100 g) and total 

phenols (%) contents of gladiolus cut leaves. 
Cold storage 

Treatments 15 days storage 10 days storage 5 days storage 
Total 

phenols 
Total  

indoles 
Total  

phenols 
Total  

indoles 
Total  

phenols 
Total  

indoles 
3.479 0.188 3.829 0.320 3.835 0.345 Distilled water 

2.955 0.379 3.114 0.549 3.105 0.387 HQC at 200 ppm 

3.147 0.441 3.106 0.488 3.312 0.484 Clove oil at 1 mg/l 

2.553 0.397 2.941 0.385 2.843 0.332 Clove oil at 2 mg/l 

3.299 0.704 3.286 0.740 3.073 0.824 Sage oil at 1 mg/l 

2.322 0.309 3.262 0.557 2.979 1.594 Sage oil at 2 mg/l 



Scientific J. Flowers & Ornamental Plants, 7(4):579-597 (2020) 

 
 

593

Virtual deQuímica, Rio de Janeiro, 
4(2):146-161.  

Alma, M.H.; Ertas, M.; Nitz, S. and 
Kollmannsberger, H. (2007). Chemical 
composition and content of essential oil 
from the bud of cultivated Turkish clove 
(Syzygium aromaticum L). Bioresources, 
2(2):265-269. 

 Andersen, L.; Williams, M.H. and Serek, M. 
(2004). Reduced water availability 
improves drought tolerance of potted 
miniature roses: Is the ethylene pathway 
involved. Journal of Hort. Sci. and 
Biotech., 79(1):1-13. 

Asrar, A.W.A. (2012). Effects of some 
preservative solutions on vase life and 
keeping quality of snapdragon 
(Antirrhinum majus L.) cut flowers. J. 
Saudi Soc. Agric. Sci., 11:29-35. 

Aziz, S.; Younis, A.; Jaskani, M.J. and 
Ahmad, R. (2020). Effect of PGRs on 
antioxidant activity and phytochemical in 
delay senescence of lily cut flowers. 
Agronomy, 10(11):1-13. http://dx.doi.
org/10.3390/agronomy10111704 

Babu, A.J.; Sundari, A.R.; Indumathi, J.; 
Srujan, R.V.N. and Sravanthi, M. (2011). 
Study on the antimicrobial activity and 
minimum inhibitory concentration of 
essential oils of spices. Vet. World, 
4(7):311-316. 

Bakkali, F.; Averbeck, S.; Averbeck, D. and 
Idaomar, M. (2008). Biological effects of 
essential oils, A review. Food Chemic. 
Toxic., 46:446-475. 

Basiri, Y.; Zareii, H.; Mashayekhi, K. and 
Pahlavani, M. (2011). Effect of rosemary 
extract on vase life and some qualitative 
characteristcs of cut carnation flowers 

Table 14. The effect of essential oils treatments on total sugars (mg/g d.w.), reducing 
and non-reducing sugars (mg/g d.w.) of gladiolus cut flowers. 

Cold storage 

Treatments 

15 days storage 10 days storage 5 days storage 

Non-
reducing 

sugar 

Reducing 
sugar 

Total 
sugar 

Non-
reducing 

sugar 

Reducing 
sugar 

Total 
sugar 

Non-
reducing 

sugar 

Reducing 
sugar 

Total 
sugar 

37.32 8.42 45.74 38.38 2.90 42.28 34.27 3.17 37.44 Distilled water 

45.94 9.76 55.70 45.49 4.72 50.21 46.70 5.33 52.03 HQC at 200 ppm 

45.97 15.44 61.41 44.65 4.56 49.21 39.42 4.87 44.29 Clove oil at 1 mg/l 

66.90 18.13 85.03 50.8 5.17 55.97 45.39 5.46 50.85 Clove oil at 2 mg/l 

73.75 12.48 86.23 57.32 7.06 64.38 29.02 8.63 37.65 Sage oil at 1 mg/l 

54.61 13.07 67.68 39.44 5.79 45.23 40.20 9.18 49.38 Sage oil at 2 mg/l 

 

Table 15. The effect of essential oils treatments on total sugars (mg/g d.w.), reducing 
and non-reducing sugars (mg/g d.w.) of gladiolus in leaves. 

Cold storage 

Treatments 

15 days storage 10 days storage 5 days storage 

Non-
reducing 

sugar 

Reducing 
sugar 

Total 
sugar 

Non-
reducing 

sugar 

Reducing 
sugar 

Total 
sugar 

Non-
reducing 

sugar 

Reducing 
sugar 

Total 
sugar 

15.47 6.07 21.54 16.43 3.68 20.11 20.66 3.16 23.82 Distilled water 

35.46 7.45 40.91 21.78 4.10 25.88 16.58 8.62 25.20 HQC at 200 ppm  

16.62 11.74 28.36 22.58 3.59 26.17 24.88 4.48 29.36 Clove oil at 1 mg/l  

27.29 8.00 35.29 21.83 4.26 26.09 38.07 2.02 40.09 Clove oil at 2 mg/l  

23.67 7.11 30.78 13.01 4.85 17.86 42.09 4.68 46.77 Sage oil at 1 mg/l 

25.65 8.35 34.00 11.28 5.53 16.81 48.33 3.97 52.30 Sage oil at 2 mg/l  



Ola A. Amin and Randa I. Diab 

 
594

(Dianthus caryophyllus cv. White 
Liberty). J. Stored Prod. Postharvest. 
Res., 2(14):261-265. 

 Bayat, H.; Geimadil, R. and Saadabad, A. 
(2013). Treatment with essential oils 
extends the vase life of cut flowers of 
lisianthus (Eustoma grandiflorum). 
Journal of Medicinal Plants and By-
products, 2:163-169. 

Bayleyegn, A.; Tesfaye, B. and Workneh, T. 
(2012). Effects of pulsing solution, 
packaging material and passive 
refrigeration storage system on vase life 
and quality of cut rose flowers. African J. 
of Biotech., 11(16):3800-3809. 

Bazaz, A; Tehranifar, A. and Karizaki, A. 
(2015). Use of ethanol, methanol and 
essential oils to improve vase-life of 
chrysanthemum cut flowers. Int. Res. J. 
Appl. and Basic Sci.; 9(8):1431-1436.  

Bidarigh, S. (2015). Improvement vase life 
of chrysanthemum (Dendranthema 
grandiflorum L.) cut flowers using 
essential oils of geranium, eucalyptus and 
myrtus. J. of Ornamental Plants, 
5(4):213-221. 

Blankenship, S.M. and Dole, J.M. (2003). 1-
Methylcyclopropene: A review. 
Postharvest Biol. Technol., 28:1-25. 

Boonyakiat, D. (2005). Postharvest Practices 
for Fruits and Vegetables. Odeon Store 
Publishing, Bankok. 142. (in Thai).   

Bosma, T. and Reid, J.M. (2002). 
Postharvest handling of cut Campanula 
medium flowers. Horticultural Science, 
37:954-958. 

Cevallos, J.C. and Reid, M.S. (2000). Effects 
of temperature on the respiration and 
vase life of narcissus flowers. Acta 
Hortic., 517(1):335-341. 

De Witte, Y. and Van Doorn, W.G. (1988). 
Identification of bacteria in the vase 
water of roses and the effect of the 
isolated strains on water uptake. Sci. 
Hort., 35:285-291. 

Dorman, H.J. and Deans, S.G. (2000). 
Antimicrobial agents from plants: 
antibacterial activity of plant volatile oils. 
Journal of Applied Microbiology, 
88(2):308-316. 

El-Hanafi, S. (2007). Alternative additives to 
vase solution that can prolong vase life of 
carnation flowers (Dianthus caryophyllus 
L.). J. Product. Env., 12(1):263-276. 

Gani, I.; Dar, Q.A.H.; Shayan, S.; Abass, M. 
and Bhat, Z.A. (2018). Postharvest 
management and antibacterial effect of 
essential oils and sliver based biocides on 
vase life of cut carnation “Dark Dona”. 
International Journal of Chemical 
Science. 2(3):7-12. 

Gendy, A.S (2000). Physiological Study on 
The Effects of Some Postharvest 
Treatments on Gladiolus Cut Flowers. 
M.Sc. Thesis, Fac. Agric., Zagazig Univ., 
230 p.  

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

Gill, A.O. and Holley, R.A. (2006). 
Disruption of Escherichia coli, Listeria 
monocytogenes and Lactobacillus sakei 
cellular membranes by plant oil 
aromatics. Int. J. Food Microbial., 108:1-
9. 

Gomes, P.C.; Seabra, R.M.; Andrade, P.B. 
and Fernandes-Ferreira, M. (2002). 
Phenolic antioxidant compounds 
produced by in vitro shoots of sage 
(Salvia officinalis L.). Plant Sci.,162:981-
987.  

 Gupta, S. and Kumar, A. (2018). Effect of 
different levels of pulsing concentrations 
on vase life of gladiolus (Gladiolus 
grandiflorus L.). Int. J. Curr. Microbiol. 
App. Sci., 7(9):330-334. 

Hashemabadi, D.; Torkashvand, AM.; 
Kavinani, B.; Bagherzadeh, M.; 
Rezaalipour, M. and Zarchini, M. (2013). 
Effect of antibiotics and essential oils on 



Scientific J. Flowers & Ornamental Plants, 7(4):579-597 (2020) 

 
 

595

postharvest life and quality 
characteristics of chrysanthemum cut 
flower. J. Ornamental. Plants., 3(4):259-
265.  

Hemaiswarya, S. and Doble, M. (2009). 
Synergistic interaction of eugenol with 
antibiotics against gram negative 
bacteria. Phytomedicine, 16:997-1005. 

Jafarpour, M.; Golparvar, A.R.; 
Askarikhorasgani, O. and Amini, S. 
(2015). Improving postharvest flowers 
using natural and chemical preservatives. 
Journal of European Agriculture, 
16(2):199-211. 

Jain, R.; Gupta, Y.C.; Bhalla, R. and Thakur, 
R. (2007). Effect of wet storage on post-
harvest quality of rose cv. First Red. 
Journal of Ornamental Horticulture, 
10(4):260-263. 

Karakaya, M.; Bayrak, E. and Ulusoy, K. 
(2011). Use of natural antioxidants in 
meat and meat products. Journal of Food 
Science and Engineering, 1:1-10. 

Kazaz, S.; Kılıç, T. and Şahin, E.G.E. 
(2020). Extending the vase life of cut 
hydrangea flowers by preservative 
solutions. Acta Sci. Pol. Hortorum 
Cultus., 19(4):95-103. 

Kotzekidou, P.; Giannakidis, P. and 
Boulamatsis, A. (2008). Antimicrobial 
activity of some plant extracts and 
essential oils against food borne 
pathogens in vitro and on the fate of 
inoculated pathogens in chocolate. LWT, 
41:119-127. 

Kumar, A. and Deen, B. (2017). Effect of 
eco-friendly vase solution on maximum              
buds opening and longer vase-life of 
tuberose (Polianthes tuberosa L.) cv. 
Hydrabad Duble. Journal of Pharmac. 
and Phytochem., 6(4):1233-1236. 

Kumar, N.; Srivastava, G.C. and Dixit, K. 
(2008). Flower bud opening and 
senescence in roses. Plant Growth 
Regulator, 55:81-99. 

Kushal, S.; Singh, P.J. and Arora, J.S. (2003, 
a). Studies on dry refrigerated storage of 
gladiolus  spikes. Journal of Ornamental 
Horticulture, 6(2):107-109. 

Kushal, S.; Singh, P.J. and Kumar, R. (2003, 
b). Effect of biocides, Ca(NO3)2 and STS 
on keeping quality of carnation. J. 
Ornam. Hort., 6(2):143-144. 

Lo-Cantore, P.; Iacobellis, De Marco, A.; 
Capasso, F. and Senatore, F. (2004). 
Antibacterial activity of Coriandrum 
sativum L. and Foeniculum vulgare var. 
vulgare (Miller) essential oils. J. Agric. 
Food Chem., 52(26):7862-7866. 

Marandi, J.R.; Hassani, A.; Abdollahi, A. 
and Hanafi, S. (2011). Improvement of 
the vase life of cut gladiolus flowers by 
essential oils, salicylic acid and silver 
thiosulfate. Journal of Medicinal Plants 
Research, 5(20):5039-5043. 

Mayak, S.; Meir, S. and Ben-Sade, H. 
(2001). The effect of transient water 
stress on sugar metabolism and 
development of cut flowers. Acta Hort., 
543:191–198. 

Mbaye, M.M.; El Khalfi, B.; Addoum, B.; 
Mar, P.D.; Saadani, B.; Louanjli, N. and 
Soukri, A. (2019). The effect of 
supplementation with some essential oils 
on the mobility and the vitality of human 
sperm. The Scientific World Journal, 2:1-
6. https://doi.org/10.1155/2019/4878912 

Mekinić, L.G.; Skroza, D.; Ljubenkov, I.; 
Šimat, V.; Možina, S.Š. and Katalinić, V. 
(2014). In vitro antioxidant and 
antibacterial activity of Lamiaceae 
phenol extracts: A correlation study. 
Food Technology and Biotechnology, 
52:119-127. 

Mirdehghan, H.S. and Aghamolayi, Z. 
(2016). Application of various 
concentrations of essential oils of savory, 
ajowan and thyme to maintain quality 
and shelf life of gladiolus cut flower. 
International J. of Horti. Sci. and Tech., 
3(1):33-41. 



Ola A. Amin and Randa I. Diab 

 
596

Nassar, M.I.; Gaara, A.H.; El-Ghorab, A.H.; 
Farrag, A.H.; Shen, H.; Huq, E. and 
Mabry, T.J. (2007). Chemical 
constituents of clove (Syzygium 
aromaticum, Fam. Myrtaceae) and their 
antioxidant activity. Rev. Latinoamer. 
Quím., 35(3):47-57. 

Possiel, E.Y. (2008). Effects of Preharvest 
Conditions and Postharvest Handling on 
Postharvest Characteristics of Cut Lilies, 
Roses, Sunflowers, and Zinnias. M.Sc. 
Thesis, NC State Univ., Raleigh. 

Prabha, S.; Sharma, S. and Khardia, N. 
(2018). Effects of essential oil on vase 
life of cut flowers: A review. University 
Research Resource Journal, Jayoti 
Vidyapeeth Women’s University, 
1(2):79-85. 

Ranwala, A.P. and Miller, W.B. (2005). 
Effects of cold storage on postharvest 
leaf and flower quality of potted Oriental, 
Asiatic- and LA-hybrid lily cultivars. 
Scientia Horti., 105:383-392. 

Saeed, S. and Tariq, P. (2007). Antibacterial 
activities of Emblica officinalis and 
Coriandrum sativum against gram 
negative urinary pathogens. Pak. J. 
Pharm. Sci., 20(1):32-5. 

Saric, M.R.; Kastrori-Cupina, T. and Gergis, 
I. (1976). Chlorophyll determination. 
Univ. Unoven Sadu-Prakitikum is 
Kiziologize Bilika-Beagrad, Haucua 
Anjiga., pp. 215.  

SAS, Institute (2009). SAS/STAT, User`s 
Guides: Statistics. Vers. 9, SAS. Institute 
Inc. Cary, N.C., USA. 

Senapati, A.; Raj, D.; Jain, R. and Patel, N. 
(2016). Advances in packaging and 
storage of flowers. Commercial 
Horticulture, 34:473-488. 

Shanan, N.T.; Emara, S. Kh. and Barakat, 
O.S. (2010). Prolonging vase life of 
carnation flowers using natural essential 
oils and its impact on microbial profile of 
vase solutions. Aust. J. Basic & Appl. 
Sci., 4(8):3559-3574. 

Shanan, N.T. (2012). Applications of 
essential oils to prolong the vase life of 
rose (Rosa hybrida L. cv “Grand”) cut 
flowers. J. of Hort. Sci. & Ornamental 
Plants, 4(1):66-74. 

Sharma, N. and Tripathi, A. (2008). Effects 
of Citrus sinensis (L.) Osbeck epicarp 
essential oil on growth and 
morphogenesis of Aspergillus niger (L.) 
Van Tieghem. Microbiol. Res., 163:337-
344. 

Smith, F.; Gilles, M.A.; Hamilton, D.K. and 
Geeds, P.A. (1956). Colorimeteric 
method for determination of sugar and 
related substances. Anal. Chem., 28:350. 

Solgi, M.; Kafi, M.; Taghavi, T. 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 
Biol. and Technol., 53: 155-158. 

Steel, R.G.D. and Torrie, J.H. (1980). 
Principles and Procedures of Statistics a 
Biometrical Approach. McGrow Hill 
Book Co., Inc., New York, p. 377-400. 

Tajkarimi, M.M.; Ibrahim, S.A.  and Cliver, 
D.O.  (2010). Antimicrobial herb and 
spice compounds in food. Food Control, 
21:1199-1218. 

Teerarak, M. and Laosinwattana, C. (2019).  
Essential oil from ginger as a novel agent 
in delaying senescence of cut fronds of 
the fern (Davallia solida (G. Forst.) Sw.). 
Postharvest Biol. and Technol., 
156:110927. 

Varu, D.K. and Barad, A.V. (2008). Effect of 
different packing methods on vase life 
and quality of cut flowers in tuberose 
(Polyanthus tuberosa L.) cv. Double. 
Asian Journal of Biological Science., 
3(1):159-162. 

Walsh, S.E.; Maillard, J.Y.; Russell, A.D.; 
Catrenich, C.E.; Charbonneau, D.L. and 
Bartolo, R.G. (2003). Activity and 
mechanisms of action of selected biocidal 
agents on gram-positive and -negative 
bacteria. J. Appl. Microbiol. 94:240-247. 



Scientific J. Flowers & Ornamental Plants, 7(4):579-597 (2020) 

 
 

597

Walton, E.F.; Boldingh, H.L.; McLaren, 
G.F.; Williams, M.H. and Jackman, R. 
(2010). The dynamics of starch and sugar 
utilization in cut peony (Paeonia 
lactiflora Pall.) stems during storage and 
vase life. Postharvest Biol. Technol., 58: 
142–146. 

Zaky, A.A. and Amin O.A. (2013). Studies 
on the efficiency of some plant natural 
extracts and chemical substances on 
improving the quality of zantedeschia 
(calla) cut flowers. J. Biol. Chem. 
Environ. Sci., 8(1):219-241. 

Zaky, A.A. and El-Zayat, H. (2008). Effect 
of some ethylene inhibitors on the 
keeping quality and extending the vase 
life of carnation (Dianthus caryophyllus 
L.) cut flowers. Egypt. J. Hort., 86(1):43-
56. 

Zencirkiran, M.  and Mengüç, A. (2003). 
Cold storage of Alstroemeria pelegrina 
“Ostara”. New Zealand J. of Crop and 
Horti. Sci., 31(3):255-259. 

 

 

    زهار الجلاديولس المقطوفةأجودة ين وحفظ  على تخز  عطريةالالزيوت ثير إستخدام تأ

 براهيم ديابإراندا   ،مينعلا عواد أ
  مصرالجيزة، ، مركز البحوث الزراعية، اتينمعهد بحوث البس، م بحوث الزينة وتنسيق الحدائققس

  
ا  في  التجارب  جريتأ بعد  ما  معاملات  بحوث    ،لحصاد معمل  ال  نةالزيبقسم  بحوث  ،ائقدحوتنسيق   البساتين  معهد 
محاليل حفظ   استخدام  وهي  بتجربتين  عطريةالزيوت ال  وذلك لدراسة تأثير  ٢٠٢٠و   ٢٠١٩  يموسم  خلال  رمص  ،بالجيزة

ت  على ثلاث فترا  منخفضة  ةحراردرجات    تأثير  تحت  ةالأزهار المقطوفرش ثم تخزين    محلول حفظ أوك  ةالأزهار المقطوف
زيت القرنفل   ي خمس محاليل حفظ وه  ولى تشملالأ  التجربة  .ةقطوفهار الجلاديولس المأز  بقاء وجودةترة  على فوتأثيرها  
هيدروكسى روز ولتر سك/جم  ٢٠لتر +  /ملجم  ٢و  ١  بتركيز  مريمية  وزيتلتر سكروز  /جم  ٢٠+    لتر/ملجم  ٢و  ١  بتركيز

سترات   و/جم  ٢٠+  ملجم/لتر  ٢٠٠  بتركيز كينولين  الك  كانتسكروز  مقطربما  نترولمعاملة  التجرب  ،ء  كان   ةالثاني  ة وفى 
ً   الزيوت العطرية  استخدام  ةالأزهار المقطوفأن    التجارب  من  عليهاالنتائج المتحصل  أكدت  . والمقطوفة زهارعلى الأ  رشا

إطالة فترة   ي ف  ةنويلتر سكروز سجلت زياده مع/جم  ٢٠لتر +/ملجم  ١محلول حفظ مكون من زيت القرنفل    فيضعت  وُ   التي
المقطوفاء  بق الن  ةالأزهار  زيادة  ف   ةكميو  زهارللأالطازج  للوزن    المئوية  ةسبو  الممتص  والأ  يالماء  الوزن  زهار  كذلك 

محلول    في  البكتيرينقص العدد    معمن الأزهار    الماء المفقود   كمية  تقليلو  الازهارلتفتح    المئوية   النسبة  زيادة في  الجاف و
الل   وكان   .الفازة السكريا  على  يابجيإثير  تأ  لعطرية زيوت  الكليلإاومقدار  الأزهار    يف  ةالكلي  تتركيز    ة والنسب  ةندولات 
وكمية  ةالمئوي الكلي  للفينولات  ال  استخدام.  ةالمقطوف  الأزهار  يف  ةالكلورفيل  لها    عطريةالزيوت  الكيميائية  للمركبات  كبديل 

ً تأثير ممتاز على أزهار القطف أيض   .لصديقة للبيئةطبيعتها اتها المضادة للميكروبات وبسبب أنشط ا


