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Abstract
The present study evaluated the influence of different essential oils; namely, Artemisia, Ocimum, Geranium,
and Rosemary, each at 2.5% and 5% concentrations, on the display life of cut Chrysanthemum cv. Arctic
Queen after pulsing with 10% sucrose. The results clearly indicated that the vase solution containing 2.5%
geranium oil was the most effective treatment in maintaining flower freshness and prolonging the
acceptable display life of Chrysanthemum flowers. Flowers treated with this concentration retained their
ornamental value for a longer period compared with the other treatments.

The beneficial effect of 2.5% geranium oil may be primarily attributed to its ability to enhance water
uptake and maintain a better water balance within the flower tissues. Adequate water absorption helps in
sustaining petal turgidity, preventing wilting, and delaying visible symptoms of senescence. In addition,
higher water retention in the petals helps the flowers remain fresh, firm, and visually attractive for a
longer duration. Geranium oil may also possess antimicrobial properties, which could reduce microbial
growth in the vase solution and prevent blockage of xylem vessels. This ensures continuous water
movement through the stem, thereby supporting better hydration of the flowers.

Furthermore, the combination of 10% sucrose pulsing and 2.5% geranium oil may have contributed to
improved post-harvest performance. Sucrose serves as an energy source for maintaining metabolic
activities, while geranium oil helps in preserving water relations and delaying deterioration. Therefore,
the extended display life observed under 2.5% geranium oil treatment can be associated with improved
water uptake, enhanced petal water retention, delayed wilting, and better maintenance of overall flower
freshness and quality.
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1. Introduction

As a leading commercial crop second to Rose, Chrysanthemum
(Dendranthema grandiflora) requires specialised post-harvest care
to maintain quality. Once cut, the flowers continue to respire and
transpire, leading to rapid senescence and reduced market value.
Therefore, suitable post-harvest treatments are essential to delay
ageing and extend display life (Tsegaw et al., 2011).

The shorter display life of cut flowers is a major bottleneck in the
floriculture industry, often addressed by using vase solutions with
preservatives to prolong freshness. Recently, essential oils have
emerged as promising natural alternatives due to their significant
antioxidant and antimicrobial properties (Basak and Guha, 2018).
These oils act as antimicrobials through their bioactive constituents,
which disrupt microbial cell membranes. Their hydrophobic
components interact with membrane lipids, causing leakage of cellular
contents, metabolic failure, and eventual cell death (Silva et al., 2021).

Essential oils play an important role in cut flower preservation by
reducing microbial proliferation in vase solutions and at the cut stem
ends. Microbial blockage of xylem vessels is one of the major causes
of poor water uptake in cut flowers, which results in wilting, loss of
turgidity, petal discolouration, and early senescence. By suppressing
bacterial and fungal growth, essential oils help maintain the continuity
of water absorption through the stem, thereby improving flower
freshness and extending vase life. In addition, many essential oils
contain phenolic compounds and other secondary metabolites that
possess antioxidant activity, which helps reduce oxidative stress
and membrane deterioration in floral tissues. This contributes to
delayed petal senescence and better retention of flower colour, texture,
and overall ornamental quality.

The usage of essential oils in cut flower preservation mainly involves
their incorporation into vase solutions or holding solutions at suitable
concentrations. Oils such as Geranium, Rosemary, Ocimum,
Artemisia, Thyme, Clove, and Lemongrass have been reported to
improve the keeping quality of cut flowers by acting as natural
antimicrobial agents (Bassole and Juliani, 2012). Their effectiveness
depends on the type of oil, concentration used, flower species, and
duration of treatment. When used at optimum concentrations,
essential oils can function as natural preservatives, either alone or in
combination with sucrose and other holding solution components.
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Sucrose provides an energy source for the cut flowers, while essential
oils help maintain water uptake by controlling microbial
contamination. Thus, the combined use of sugars and essential oils
can improve post-harvest performance and display life.

The keeping quality of flowers after purchase greatly influences
consumer satisfaction. Flowers that retain their freshness, fragrance,
and visual appeal for a longer period are more likely to encourage
repeated purchase. Therefore, there is a strong need to identify safe
and effective methods for prolonging display life using preservatives,
antioxidants, and antitranspirants. It has been reported that nearly
30-40% of flower losses occur because of improper postharvest
handling throughout the marketing chain (Singh and Tiwari, 2002).
Although, several chemical preservatives are available, many of them
are costly and may also pose risks to human health, including irritation
of the skin, eyes, and respiratory tract.

In this context, essential oils offer a promising, eco-friendly
alternative. Being natural organic substances, they are considered
safer and more environmentally acceptable, while also showing strong
antimicrobial activity against a range of pathogens. These effects are
often linked to the presence of phenolic compounds in high
concentrations (Lambert et al., 2001; Mihajilov-Krstev et al., 2010).
By suppressing microbial growth in vase solutions, maintaining stem
hydraulic conductance, reducing oxidative damage, and delaying
senescence, essential oils can significantly improve the display life
and marketability of cut flowers (Burt, 2004). Therefore, their use
represents a sustainable approach for post-harvest management in
Chrysanthemum and other commercially important cut flowers.

2. Materials and Methods

2.1 Plant authentication and description of Chrysanthemum
cv. Arctic Queen release

Chrysanthemum (Dendranthema grandiflora) cv. Arctic Queen
flowers were obtained from commercial farm, located at
Ravulavaripalle Village in Chevella Mandal, Rangareddy, Telangana,
India. Specimens were authenticated by Dr. A. Manohar Rao, Retd.
Professor and Head of Department of Horticulture, College of
Agriculture, Professsor Jayasankar Telanagana Agricultural
University, Rajendranagar, Hyderabad, India.

Chrysanthemum cv. Arctic Queen is a spray-type, white-coloured
cultivar, developed by the Dutch Breeding Company Fides (now in
Dummen Orange) in de Lier, The Netherlands (FCC, 2010) with
PBR number (23a).

Chrysanthemum cv. ‘Arctic Queen’ is a popular, commercially
significant white spray-type cultivar, widely recognized in the floral
industry for its elegant appearance and robust, multi-headed, pure
white flowers with green centers. It is primarily cultivated as a high-
quality cut flower, known for its use in protected, year-round, or
off-season commercial greenhouse production. It is often used in
research for its desirable traits in commercial cut flower markets,
including in high environmental studies.

2.2  Preparation of Chrysanthemum flowers

The cut stems generally measure 65-70 cm in length, while the flower
heads are about 6-8 cm in diameter. Chrysanthemum (Dendranthema
grandiflora) cv. Arctic Queen is a spray-type cultivar characterised
by multiple flower heads. It produces attractive white blooms with

a green centre, which enhances its ornamental value and market
demand.

2.3  Preparation of solutions

Artemisia oil, Ocimum oil, Geraniol, and Rosemary oil were tested
at 2.5% and 5% concentrations. For preparing these solutions, 25 ml
and 50 ml of each oil were first dissolved in ethyl alcohol. Triton X-
100 was then added to ensure complete solubilization of the oils,
and the final volume was adjusted to one litre with distilled water.

2.4  Pulsing

In this experiment, all treatments were pulsed for four hours with a
10% sucrose solution, identified as the most effective treatment in
the first experiment, and were then transferred to essential oil solutions
of different concentrations for display life evaluation, except for the
control.

2.5 Holding

The flowers were continuously held in the treatment solutions till
the end of the vase life period and vase life was defined as days from
time of immersion in the test solution to the loss of ornamental
value, like stem bending, blackening, wilting and abscission of petals.
The experiments were repeated twice for confirmation of the results.
Display life was determined by recording the number of days until
50% of the flowers in each replication showed signs of spoilage
(wilting, abscission, or loss of turgidity), following the method of
Abadi et al. (2013).

2.6 Treatment details of the experiment

T1-Artemisia oil 2.5%

T2 -Artemisia oil 5%

T3 -Ocimum oil 2.5%

T4 -Ocimum oil 5%

T5 - Geranium oil 2.5%

T6 - Geranium oil 5%

T7 - Rosemary oil 2.5%

T8 - Rosemary oil 5%

T9- Control (Distilled water)

Total number of treatments = 9

Number of replications = 3

Number of flowers per replication = 10

Design = Completely Randomised Design with Factorial concept

2.7 Statistical analysis

The experiment included three replications of each treatment. The
design adopted was a completely randomised design with factorial
concept, and the data were subjected to statistical analysis as per the
procedure outlined by Panse and Sukhatme (1978). Results on vase
life experiments were analysed using analysis of variance (ANOVA)
and F-test analysis. Significant difference (CD) was used for the
comparison between treatments during vase life. Based on the F-
test, the non-significant (NS) values were ignored in the description
of results.
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Figure 1: Flowers kept in different essential oil solutions for display life studies.

3. Results

3.1 Flower weight (g)

Essential oil application had a significant influence on the fresh weight
of cut Chrysanthemum flowers. This indicates that the treatments
played an important role in maintaining the water status and freshness
of the flowers during the display period. Among the different
treatments, T5 recorded the highest fresh weight of 5.71 g, showing
its superior effect in preserving flower fresh weight. In contrast, T9

recorded the lowest fresh weight of 4.78 g. However, the fresh weight
recorded in T9 was statistically on par with T1 (4.96 g) and T2 (4.92
g), indicating that these treatments showed a relatively similar effect
on maintaining flower weight. The fresh weight of cut
Chrysanthemum flowers also varied significantly with the
advancement of the display life period. The fresh weight increased
from the 2nd day to the 4th day, reaching the maximum mean value of
5.74 g on the 4th day. After the 4th day, a gradual decline in fresh
weight was observed. The fresh weight decreased to 5.05 g on the 6th

day and further declined to 4.52 g by the 10th day.

Figure 2:  Effect of essential oils on flower weight (g) of cut Chrysanthemum cv. Arctic Queen.
3.2  Flower diameter (cm)

Essential oil treatments exerted a significant influence on the flower
diameter of cut Chrysanthemum cv. Arctic Queen, indicating their
role in maintaining flower expansion, petal turgidity, and overall

visual quality during the display life period. Among the different
treatments, T5 recorded the maximum flower diameter of 5.4 cm,
reflecting its superior effectiveness in preserving the size and freshness
of the flowers. This treatment was found to be statistically at par
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with T6 (5.1 cm), T7 (5.1 cm), T3 (5.0 cm), and T8 (5.0 cm) suggesting,
that these treatments also performed reasonably well in maintaining
flower diameter. In contrast, T9 recorded the minimum flower
diameter of 4.7 cm, indicating comparatively poor maintenance of
flower expansion. The remaining treatments exhibited intermediate
values, showing moderate effectiveness in sustaining flower size.

The flower diameter also varied significantly throughout the display
life period under the influence of different essential oil solutions.
During the initial stages of display, the flowers maintained better
expansion, while a gradual reduction in flower diameter was observed
as the display period advanced.

Figure  3:  Effect of essential oils on flower diameter (g) of cut Chrysanthemum cv. Arctic Queen.

3.3  Water uptake (g/f)

Significant differences were observed in the water uptake of cut
Chrysanthemum flowers cv. Arctic Queen ia influenced by different
essential oil treatments. This indicates that the composition of the
vase solution played an important role in maintaining hydration and
post-harvest quality of the flowers. Among the treatments, T5
recorded the highest water uptake of 16.39 g/flower, showing its
superior efficiency in promoting absorption of the vase solution by
the cut stems. This treatment was found to be statistically at par

with T6 (15.81 g/flower), indicating that both treatments were
effective in improving water uptake. In contrast, T2 recorded the
lowest water uptake of 12.05 g/flower, indicating relatively poor
absorption of the vase solution. The remaining treatments showed
intermediate values, reflecting moderate effectiveness in maintaining
water uptake. Water uptake also varied significantly during the
display life period. During the initial stages, water uptake increased
from 15.34 g on the 2nd day to the maximum value of 17.18 g on the
4th day. However, after the 4th day, water uptake declined gradually
and reached 9.38 g by the 10th day.

Figure  4:  Effect of essential oils on water uptake of cut Chrysanthemum cv. Arctic Queen.
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3.4  Transpiration loss of water (g/f)

The cut Chrysanthemum flowers maintained in different essential
oil vase solutions exhibited significant variation in transpiration loss
of water (TLW), indicating that the treatments had a marked influence
on water movement and physiological activity during the display
period. Among the treatments, T5 recorded the highest transpiration
loss of water of 12.31 g/flower. This treatment was found to be
statistically on par with T6 (12.05 g/flower), T7 (11.91 g/flower)
and T8 (11.90 g/flower), suggesting that these treatments maintained

comparatively higher water movement through the floral tissues. In
contrast, T9 recorded the lowest TLW of 10.95 g/flower, while the
remaining treatments showed intermediate values. Transpiration loss
of water also increased significantly with the advancement of the
display life period. The TLW increased gradually from 10.11 g/
flower on the 2nd day to 13.11 g/flower on the 10th day. It was also
evident from Figure 5 that all essential oil treatments recorded higher
transpiration loss of water compared to the control, indicating that
essential oils were effective in maintaining active water movement in
cut Chrysanthemum flowers.

Figure  5:  Effect of essential oils on TLW of cut Chrysanthemum cv. Arctic Queen.

3.5  Fresh weight change (g)

Significant variation was observed in the fresh weight change of cut
Chrysanthemum flowers under different essential oil treatments.
This indicates that the treatments had a marked influence on
maintaining flower freshness, hydration status, and post-harvest
quality. Among the treatments, T5 recorded the maximum fresh weight
change value of 95.82 g, showing its superior effectiveness in
sustaining flower weight during the display period. This treatment

was found to be statistically at par with T6 (93.32 g), T7 (92.75 g),
and T8 (90.93 g), suggesting that these treatments also performed
well in maintaining the fresh condition of the flowers. In contrast,
T2 recorded the lowest value of 81.59 g, while the remaining treatments
showed intermediate responses. Fresh weight changes also differed
significantly throughout the display life period. A progressive decline
in flower weight was observed as the display period advanced, with
fresh weight decreasing from 97.42 g on the 2nd day to 76.38 g by the
10th day.

Figure  6:  Effect of essential oils on FWC of cut Chrysanthemum cv. Arctic Queen.
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3.6  Relative water content (%)

Significant variations were observed in the relative water content
(RWC) of petals among the different essential oil treatments,
indicating that the treatments had a clear influence on the hydration
status and physiological freshness of cut Chrysanthemum flowers.
Among the treatments, T5 recorded the highest petal RWC of 82.29%,
followed by T6 with 79.52%, showing that these treatments were

more effective in maintaining moisture within the petal tissues. In
contrast, T9 recorded the lowest RWC of 72.97%, suggesting
comparatively poor water retention and greater tissue dehydration.
The remaining treatments showed intermediate values. Relative water
content also varied significantly during the display life period. A
gradual decline in RWC was observed as the flowers aged, decreasing
from 84.80% on the 2nd day to 68.07% by the 10th day.

Figure  7:  Effect of essential oils on RWC of cut Chrysanthemum cv. Arctic Queen.

3.7  Electrolyte leakage (%)

The cut Chrysanthemum flowers exhibited significant differences in
electrolyte leakage under the influence of different essential oil
treatments. This indicates that the treatments varied in their ability
to maintain membrane stability and delay tissue deterioration during
the display period. Among the treatments, T4 recorded the highest
electrolyte leakage of 89.31%, suggesting greater membrane damage
and faster loss of cellular integrity. In contrast, T5 recorded the

lowest electrolyte leakage of 78.49%, indicating better preservation
of cell membrane stability and reduced physiological stress.

The remaining treatments showed intermediate levels of electrolyte
leakage. Electrolyte leakage also varied significantly with the
advancement of display life. A gradual increase was observed from
71.15% on the 2nd day to 93.49% by the 10th day. This indicates that
membrane damage increased progressively as the flowers aged.

Table 1:  Effect of essential oils on EL of cut Chrysanthemum cv. Arctic Queen

Treatments 2nd day 4th day 6th day 8th day 10th day Me an

T1 - Artemisia oil 2.5% 73.42 81.14 83.90 87.22 92.74 83.68

T2 - Artemisia oil 5% 72.86 81.13 86.11 88.04 92.68 84.17

T3 - Ocimum oil 2.5% 71.21 76.73 82.80 88.32 93.84 82.58

T4 - Ocimum oil 5% 81.14 86.11 90.53 92.18 96.68   89.31

T5 - Geranium oil 2.5% 67.34 70.66 77.83 85.56 91.08 78.49

T6 - Geranium oil 5% 69.00 75.07 81.14 87.22 91.63 80.81

T7 - Rosemary oil 2.5% 69.06 71.21 78.94 89.98 96.05 81.03

T8 - Rosemary oil 5% 63.48 67.34 86.66 91.18 96.60 81.05

T9 - Control (Distilled water) 72.86 78.00 82.98 86.17 90.20 82.04

Mean 71.15 76.38 83.43 88.42 93.49 82.57

F test     SE CD (0.01)
Treatment (T) * * 1.13 4.20

Days (D) * * 0.84 3.13

T × D * 2.52 7.09

    ** Significant at (p < 0.01) * Significant at (p < 0.05) NS: Not significant.
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3.8 Display life (days)

The display life of cut Chrysanthemum flowers varied significantly
among the different vase solution treatments, indicating that the
composition of the holding solution had a considerable influence on
post-harvest longevity and flower quality. Among the treatments,
T5 recorded the longest display life of 8.98 days, demonstrating its
superior effectiveness in extending the vase life of cut
Chrysanthemum flowers. This treatment was found to be statistically
on par with T6 (8.88 days), T7 (8.81 days), T8 (8.82 days), and T9
(8.94 days), suggesting that these treatments also contributed
positively to prolonging flower freshness and maintaining display
quality. In contrast, the shortest display life was recorded in T3
(7.50 days), which was statistically on par with T4 (7.78 days), T1
(7.94 days), and T2 (8.00 days). These treatments showed
comparatively lower effectiveness in delaying senescence and
maintaining the ornamental value of the flowers. As indicated in
Table 2, pulsing with 10% sucrose followed by holding in geranium
oil at 2.5% concentration proved to be the most effective treatment,
resulting in a display life of approximately 8.98 days.

Table 2: Effect of essential oils on display life of cut
Chrysanthemum cv. Arctic Queen

Treatments Display life (Days)

T1 - Artemisia oil 2.5% 7.94

T2 - Artemisia oil 5% 8.00

T3 - Ocimum oil 2.5% 7.50

T4 - Ocimum oil 5% 7.78

T5 - Geranium oil 2.5% 8.98

T6 - Geranium oil 5% 8.88

T7 - Rosemary oil 2.5% 8.81

T8 - Rosemary oil 5% 8.82

T9 - Control (Distilled water) 8.34

Mean 8.32

F test   **

SE 0.20

CD (0.01) 0.87

Significant at (p < 0.01) * Significant at (p < 0.05) NS: Not significant.

4. Discussion

The higher fresh weight recorded in T5 may be attributed to better
uptake of the vase solution and improved maintenance of water
balance in the flower tissues. Essential oil treatments may have
helped in reducing microbial growth in the vase solution and stem
ends, thereby minimising blockage of xylem vessels and allowing
better water absorption. The initial increase in fresh weight up to the
4th day may be due to active uptake of vase solution by the cut
flower stems during the early stage of display life. However, the
gradual decline in fresh weight after the 4th day may be due to reduced
water absorption, increased transpiration, blockage of xylem vessels,
and progressive senescence of floral tissues. Similar findings were
reported earlier in cut Gerbera and Rose treated with essential oils
by Solgi et al. (2009); Shanan (2012); Bhanumurthy (2013). The
present results are also in agreement with El-Sayed and El-Ziat (2021),

who reported that thyme oil at 500 mg/l reduced bacterial counts in
cut Chrysanthemums, thereby helping to maintain water uptake and
flower freshness.

The superior flower diameter recorded in T5 may be attributed to
better maintenance of water relations within the cut flowers. Geranium
oil at 2.5% concentration, as shown in Figure 3, proved to be the
most effective treatment in maintaining a larger flower diameter in
cut Chrysanthemum cv. Arctic Queen. This beneficial effect may be
due to the ability of geranium oil to reduce microbial growth in the
vase solution and at the cut stem base. By minimising microbial
multiplication, geranium oil may have helped prevent xylem blockage
and improves continuous water absorption by the flower stems.
Better water uptake would have enhanced moisture retention in the
petals, maintained cell turgidity, and delayed petal wilting and
shrinkage. In contrast, reduced water absorption, increased moisture
loss, microbial blockage of vascular tissues, and natural senescence
may have contributed to the reduction in flower diameter during the
later stages of display life. Thus, the larger flower diameter observed
under T5 can be associated with improved hydration, better
maintenance of petal freshness, and delayed senescence. Since flower
diameter is an important quality parameter directly related to
ornamental value, market appeal, and consumer preference, the
application of geranium oil at 2.5% can be considered an effective,
eco-friendly treatment for improving the post-harvest quality and
display life of cut Chrysanthemum flowers.

The increase in water uptake during the early stage of display life
may be attributed to active absorption of the vase solution by the
freshly cut stems and the maintenance of open vascular tissues.
However, the gradual decline in water uptake after the 4th day may
be due to progressive senescence, microbial proliferation in the vase
solution, blockage of xylem vessels, formation of air embolisms, and
reduced physiological activity of the cut flowers. As illustrated in
Figure 4, geranium oil at 2.5% concentration was identified as the
most effective treatment for enhancing water uptake in cut
Chrysanthemum flowers. The superior performance of this treatment
may be due to the combined effect of sucrose and geranium oil in the
vase solution. Sucrose acts as an important energy source for
respiration and helps maintain the metabolic activity of cut flowers.
It also supports petal expansion, delays senescence, and helps
maintain the freshness and ornamental quality of the flowers. In
addition, the antibacterial activity of geranium oil may have played
a major role in improving water uptake. Microbial growth in the vase
solution and at the cut stem ends is one of the major causes of
vascular blockage in cut flowers. Such blockage restricts the movement
of water through the xylem vessels and leads to reduced water uptake,
loss of turgidity, wilting, and early senescence. Geranium oil, due to
its antimicrobial properties, may have minimised microbial
multiplication in the vase solution and prevented occlusion of vascular
tissues. It may also have helped reduce air embolism formation,
thereby maintaining better continuity of water movement through
the stem. The higher water uptake recorded under T5 ultimately
contributed to better hydration of floral tissues, improved petal
turgidity, larger flower diameter, delayed wilting, and prolonged
display life. These results clearly indicate that geranium oil at 2.5%
concentration was highly effective in maintaining the water balance
of cut Chrysanthemum flowers. Similar observations were reported
by Solgi et al. (2009) in Gerbera cv. Dure, Bayat et al. (2011) in
Carnation, Shanon (2012) in Rose cv. Grand, and Bhanumurthy
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(2013) in Gerbera cv. Savannah, where essential oil-based vase
solutions improved water uptake and extended the vase life of cut
flowers.

The progressive increase in transpiration loss of water during the
display period may be associated with continued water movement
from the vase solution through the stem and floral tissues, followed
by loss of water from the flower surface. As the flowers aged, petal
expansion, increased physiological activity, and senescence-related
changes may have contributed to higher transpiration loss during the
later stages of display life. As presented in Figure 5, the treatment
containing geranium oil at 2.5% concentration recorded the maximum
TLW. The superior response under this treatment may be attributed
to the presence of active phenolic compounds and other bioactive
constituents in geranium oil, which may have helped in regulating
metabolic activity and maintaining better water relations in the cut
flowers. Geranium oil may also have reduced microbial growth in the
vase solution and at the cut stem ends, thereby minimising vascular
blockage and improving water uptake. Enhanced absorption of water
would support greater movement of water through the floral tissues,
resulting in higher transpiration loss. Although, higher transpiration
loss generally indicates greater water loss, in this case, it may also
reflect better water uptake and continued physiological activity of
the flowers treated with essential oils. The ability of T5 to maintain
higher TLW, along with improved water uptake and freshness, suggests
that geranium oil at 2.5% helped sustain the water balance of cut
Chrysanthemum flowers and delayed wilting. This improved water
status may have contributed to better petal turgidity, flower opening,
and prolonged vase life. These findings are in conformity with the
observations of Bhanumurthy (2013) in cut Gerbera flowers, who
reported improved water relations and enhanced vase life under
essential oil treatments. Thus, geranium oil at 2.5% proved to be the
most effective treatment in supporting water uptake, maintaining
physiological activity, and extending the display quality of cut
Chrysanthemum flowers.

The gradual reduction in fresh weight change during the display
period may be attributed to natural senescence, reduced water
absorption, increased transpiration, and progressive loss of tissue
turgidity during storage and display. As the flowers aged, blockage
of xylem vessels, microbial growth in the vase solution, and declining
metabolic activity may have further reduced the ability of the stems
to absorb and transport water effectively. As indicated in Figure 6,
geranium oil at 2.5% concentration proved to be the most effective
treatment in maintaining higher fresh weight change in cut
Chrysanthemum flowers. The superior performance of this treatment
may be mainly due to greater water uptake in relation to
transpirational water loss, which helped maintain a favourable water
balance within the floral tissues. When water absorption exceeds or
adequately compensates for water loss through transpiration, the
flowers are able to retain better turgidity, freshness, and structural
firmness. The improved fresh weight under geranium oil treatment
may also be attributed to the bioactive constituents present in the
essential oil, which may have helped reduce microbial proliferation
in the vase solution and at the cut stem ends. By minimizing vascular
blockage and water stress, geranium oil may have enhanced continuous
water absorption and movement through the stem. This improved
hydration status would have delayed wilting, reduced petal shrinkage,
and maintained the overall appearance and quality of the flowers for
a longer period. Thus, the results clearly suggest that geranium oil at

2.5% was highly effective in preserving fresh weight change by
improving water uptake, reducing water stress, and maintaining better
moisture balance in cut Chrysanthemum flowers during the display
life period.

The gradual reduction in relative water content during the display
period may be attributed to progressive senescence, reduced water
uptake, increased transpiration, and loss of cellular turgidity in the
petals. As the display life advanced, microbial blockage in the vascular
tissues and declining physiological activity may have further restricted
water movement to the flower head, resulting in dehydration of
petal tissues. As shown in Figure 7, the application of geranium oil
at 2.5% concentration was the most effective treatment in maintaining
the highest relative water content in the petals of cut Chrysanthemum
flowers. The superior performance of this treatment may be due to
the combined effect of 10% sucrose pulsing and geranium oil. Sucrose
acts as an important respiratory substrate, providing energy required
for continued metabolic activity, petal expansion, and maintenance
of cell integrity after harvest. At the same time, geranium oil may
have enhanced water uptake by reducing microbial growth in the
vase solution and preventing blockage of the xylem vessels. Improved
water absorption, along with better moisture retention in petal tissues,
helped maintain higher cell turgidity and delayed wilting. In contrast,
control flowers experienced greater physiological stress, poor
hydration, and faster loss of petal freshness, resulting in lower RWC.
Therefore, the higher RWC recorded under T5 clearly indicates that
2.5% geranium oil maintained superior water status, reduced
dehydration stress, and prolonged the freshness of cut
Chrysanthemum cv. Arctic Queen. These findings support the view
of Abbaszadeh et al. (2008), who reported that relative water content
is an important indicator of a plant’s ability to maintain hydration
under stress conditions. Hence, maintaining higher RWC through
suitable vase solution treatments is essential for improving the quality,
appearance, and vase life of cut flowers.

The gradual increase in electrolyte leakage during the display period
may be attributed to progressive senescence, breakdown of cellular
membranes, increased oxidative stress, and loss of membrane
permeability control. Higher electrolyte leakage during the later stages
reflects greater cellular damage, reduced freshness, and deterioration
of cut flower quality. As presented in Table 1, geranium oil at 2.5%
concentration was the most effective treatment in reducing electrolyte
leakage in cut Chrysanthemum flowers. The lower leakage observed
under this treatment suggests that geranium oil helped maintain
membrane integrity by reducing water stress, improving hydration,
and possibly limiting microbial activity in the vase solution. Better
water uptake and reduced physiological deterioration under geranium
oil treatment may have contributed to delayed senescence and
improved post-harvest quality. The improved membrane stability
under T5 indicates better maintenance of cellular structure and reduced
leakage of electrolytes from the petal tissues. On the other hand,
flowers held in ocimum oil at 2.5% concentration recorded the highest
electrolyte leakage, indicating comparatively greater membrane injury
and lower effectiveness in maintaining cellular stability. Overall, the
results clearly show that geranium oil at 2.5% was superior in
minimising electrolyte leakage, preserving membrane stability, and
maintaining the quality of cut Chrysanthemum flowers during the
display life period (Monika and Danuta, 2012).



771

The reduced display life observed in treatments such as T3, T4, T1,
and T2 may be due to faster depletion of stored carbohydrates, poor
water uptake, microbial blockage of vascular tissues, increased
membrane deterioration, and early wilting of petals. The superior
performance of T5 may be attributed to the combined beneficial
effects of 10% sucrose pulsing and 2.5% geranium oil. Sucrose likely
served as an important respiratory substrate, supplying energy
required for continued metabolic activity, petal expansion, and
delayed senescence after harvest. This energy supply may have
helped maintain petal turgidity, freshness, and overall flower
appearance for a longer period. The beneficial effect of geranium oil
at 2.5% may also be associated with its antimicrobial properties.
Microbial growth in vase solutions is a major cause of xylem blockage,
which restricts water uptake and accelerates wilting. Geranium oil
may have reduced microbial proliferation in the vase solution and at
the cut stem ends, thereby maintaining better water absorption and
transport through the vascular tissues. Improved water uptake would
have helped preserve cellular hydration, maintain tissue firmness,
and delay visible symptoms of senescence. Furthermore, the extended
display life under T5 may be linked to improved maintenance of cell
membrane integrity and reduced sensitivity of the flowers to ethylene
during storage. By protecting membrane stability and reducing
physiological stress, geranium oil could have slowed the deterioration
of floral tissues. As a result, flowers treated with 10% sucrose pulsing
followed by 2.5% geranium oil retained better freshness, petal quality,
and ornamental value compared to other treatments.

Overall, the results clearly indicate that geranium oil at 2.5%
concentration, when used after 10% sucrose pulsing, was the most
effective vase solution treatment for extending the display life of cut
Chrysanthemum cv. Arctic Queen. This treatment can therefore be
considered a promising eco-friendly alternative for improving the
post-harvest performance and marketability of cut Chrysanthemum
flowers. Top of Form

5. Future scope

 Future studies should investigate the efficacy of essential oils as
display solutions for cut Chrysanthemum under varying storage
temperatures. To enhance quality during long-distance transport,
research should focus on the interaction between packaging materials
and ventilation levels following pulsing and holding treatments.
Furthermore, integrating locally available preservatives with essential
oils holds promise for safer, high-quality preservation. Finally,
histological and anatomical analyses, specifically regarding xylem
water uptake, are necessary to elucidate the mechanism behind the
improved display life provided by essential oils.

6. Conclusion

The present study showed that essential oils extracted from Artemisia,
Ocimum, Geranium, and Rosemary were effective in maintaining
flower quality and extending the display life of cut Chrysanthemum
cv. Arctic Queen. Among the different oils evaluated, geranium oil
proved to be the most effective, followed by Rosemary oil, Ocimum
oil, and Artemisia oil. The beneficial effects of these essential oils
may be attributed to their active constituents, which helped suppress
microbial growth in the vase solution and at the cut stem ends of the
flowers. Among all the treatments, geranium oil at 2.5% was found

to be the most effective concentration. This treatment recorded the
longest display life (8.98 days), which may be due to better
maintenance of water balance in the cut flowers, reduced sensitivity
to ethylene, and the antibacterial properties of geranium oil.
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