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ABSTRACT

Purpose: Floriculture growers globally encounter ongoing difficulties in keeping cut
flowers fresh after harvest. When cut flowers endure longer in the vase, customer
satisfaction increases, resulting in higher sales and business viability. While synthetic
chemical preservatives have been widely employed to extend the vase life of cut flowers,
their adverse environmental and health impacts underscore the urgent need for natural and
eco-friendly alternatives. This review critically evaluates the efficacy of some natural
preservatives (essential oils, plant extracts, and organic acids) in extending the vase life of
cut flowers. Findings: The collected data from controlled studies confirm that certain
natural substances have significant therapeutic effects. Essential oils, plant extracts, and
organic acids can slow senescence across a variety of flower types, extending both their vase
life and their marketable period. Their multiple actions include blocking ethylene
production, boosting the flower's natural defenses against decay, fighting microbes,
preventing stem blockages, and regulating water pH. Limitations: Despite promising
results, three main issues exist with these natural preservatives. First, the best methods for
applying them in practice are not yet fully established or standardized for different flower
species. Second, the exact molecular ways they affect and interact inside the plant are not
completely clear or fully understood. Finally, current production and processing methods
are not ready for reliable, consistent, and cost-effective large-scale commercial use.
Directions for future research: Future research should focus on three key areas. First,
studies should optimize practical application protocols, including precise concentration,
timing, and delivery methods. Second, scientists need to clarify the detailed molecular and
biochemical mechanisms of action behind these natural compounds. Finally, researchers
should develop, standardize, and economically scale up production techniques to make these
sustainable solutions commercially viable for the global industry.
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INTRODUCTION

The global cut flower trade is undergoing a notable expansion. In 2024, the market is valued
at an estimated US$37.0 billion, and forecasts indicate it will rise to US$50.1 billion by 2030.
According to analysis, this projected growth corresponds to a compound annual growth rate
(CAGR) of 5.2% between 2024 and 2030. A detailed look at the market reveals roses as the
top-performing segment, with stronger projected growth. Analysts expect roses to achieve a
CAGR of 5.8%, reaching a market size of roughly US$15.8 billion by the end of the decade.
Meanwhile, other popular flowers, including chrysanthemums and gerberas, are forecast to
grow more moderately, at a CAGR of 5.3% over the same period (Global Industry Analysts,
2025). Cut flowers are universally recognized as symbols of appreciation, affection, and
emotional expression. Their global trade has surged in recent years, fueled by growing
consumer demand. This demand is supported by the scientifically validated therapeutic
benefits these horticultural commodities provide (Yeptho et al., 2025). An important
operational factor for both the consumer cohort and producers is the post-procurement vase
life longevity of the severed floral species. This variable directly impacts consumer
satisfaction indicators and the probability of repeat purchases. To safeguard the continued
commercial viability and perceptual integrity of these ornamental commodities, the
implementation of rigorous phytosanitary and qualitative governance protocols is imperative.
Such standards are fundamentally constitutive for the protraction of their post-excision
vitality and the preservation of their pecuniary worth within the mercantile sphere (Vehniwal
et al., 2020).

The post-severance ornamental persistence interval is a key challenge in commercial
floriculture. This term refers to the time span during which cut flowers retain their aesthetic
integrity in a vase. It remains a principal phytotechnical impediment for the industry (Aziz et
al., 2020). This parameter is subject to a multifactorial determinacy, encompassing both pre-
and post-detachment variables. Within the context of a globalized floral commodity chain, a
paramount commercial imperative involves the temporal compression of export logistics,
targeting a reduction of diurnal cycles, potentially approximating a hebdomadal scale
(Nguyen & Lim, 2021). Following excision, floral organs transition to a state of metabolic
heterotrophy, becoming entirely reliant on endogenous reserves. These reserve deposits,
comprising carbohydrates, proteins, and lipids, fuel the catabolic and anabolic processes
necessary for survival. Their mobilization sustains the physiological functions required to
maintain the flower's morpho-visual desirability. Concurrently, a suite of postharvest extrinsic
factors, including but not limited to ambient hygrometric conditions, luminous flux, and
thermal regimes, exert significant modulatory influences on the duration of vasal viability
(Muraleedharan et al., 2020).

Post-detachment quantitative and qualitative depreciations represent a non-trivial
challenge for floricultural systems, constituting a transboundary phytocommodity concern
(Gupta & Dubey, 2018). The primary etiology of truncated ornamental longevity is the
inhibition of hydric assimilation, a phenomenon principally attributable to vascular occlusion.
This occlusion manifests through a tripartite etiological framework: (1) the proliferation of
microbial consortia and consequent biofilm matrices within xylematic conduits; (2) the
introduction and stabilization of gaseous emboli; and (3) the ontogenesis of wound-induced
tyloses. These occlusive phenomena collectively impede the axial translocation of hydric
solutions and solutes, thereby catalyzing a cascade of degenerative processes. It is noteworthy
that the biosynthesis of the phytohormone ethylene, itself potentiated by the wound-response
signaling initiated at harvest, functions as a positive feedback mechanism, stimulating the
excessive formation of tyloses. This results in a progressive stenosis of xylematic vessels,
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thereby exacerbating the trajectory of senescent decline (Dar et al., 2021). Ethylene is a
gaseous plant hormone that strongly accelerates senescence. It triggers a series of
physiological changes, which include the hydrolytic degradation of cell wall pectins, the
catabolism of chlorophyll pigments, and the loss of turgor manifesting as wilting.
Furthermore, the physical act of severance induces specific pathophysiological responses,
such as gummosis and the exudation of laticiferous substances, which can function as
endogenous physical barriers to hydric conductance in particular taxonomic groups (Imsabai
etal., 2013).

To address these challenges, preservative solutions are used to extend the vase life and
enhance marketability. Flowers are categorized based on vase life: short (less than 5 days)
include dahlia (Onozaki & Azuma, 2019), iris (Macnish et al., 2010), daffodil (Doorn, 1998),
delphinium (Ahmad et al., 2017), and alstroemeria (Macnish et al., 2008), medium (614
days) include protea (Stephens et al., 2002), gladiolus (Murali & Reddy, 1991), ginger
(Choresca & Bayogan, 2019), primrose (Asadi-Kavan et al., 2020), heliconia (Sardinha et al.,
2019), marigold (Ahmad et al., 2012), snapdragon (Asrar, 2012), orchid (Khunmuang et al.,
2018), and rose (Ha et al., 2021); and finally long (24 weeks) (Nguyen & Lim, 2021)
encompass tulip (Gémez-Merino et al., 2020), anthurium (Elibox & Umaharan, 2008),
carnation (Aalifar et al., 2020), and chrysanthemum (Sedaghathoor et al., 2020). Although
chemical preservatives demonstrate efficacy in extending vase life, their associated health and
environmental risks have spurred growing interest in natural alternatives as sustainable
solutions. They can reduce microbial populations in vase solutions, which is crucial for
maintaining flower longevity (Edrisi et al., 2012). Concurrently, the deployment of synthetic
germicides is increasingly problematized, given their propensity for hydrosphere
contamination and potential anthropocentric hazards (Minde, 2019). In counterpoint, eco-
friendly formulations are accruing significant scholarly and commercial traction. These
alternatives offer analogous biocidal efficacy but ostensibly avoid the deleterious impacts of
their synthetic antecedents (Nguyen & Lim, 2021). A comparative schematic of these benefits
is presented in Figure 1.

This incipient paradigm shift, galvanized by the recognition of synthetic chemistry's
detriments, necessitates a concerted transition to natural compounds. These botanically-
derived substances present a compelling alternative by virtue of their innate biocompatibility,
reduced environmental persistence, and frequently more favorable economic profiles (Okigbo,
2005) as shown in Table 1. Among the most promising of these agents are standardized herbal
extracts and essential oils (EOs), whose broad-spectrum antimicrobial properties demonstrate
significant potential for enhancing the postharvest quiescence of horticultural specimens
(Monya et al., 2021). Research has thus increasingly focused to such safer modalities, with
EOs, complex volatile secondary metabolites, emerging as a particularly salient avenue of
inquiry (Lambert et al., 2001; Mihajilov-Krstev et al., 2010). These oils offer a safe and
environmentally friendly alternative to traditional preservatives due to their effectiveness
against certain pathogens. Organic acids like salicylic acid (SA) and citric acid (CA) also
work effectively to inhibit xylem vessel blockage, enhance water uptake, and boost relative
fresh weights (Alkac et al., 2023)

This review aims to provide a comprehensive understanding of postharvest senescence
physiology and explore eco-friendly solutions for extending vase life. By fundamentally
evaluating natural preservatives and their applications across different flower types, this work
seeks to optimize vase life, maximize value for floriculture producers, and minimize
environmental impact.
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Fig. 1. Schematic overview of the role of natural preservatives (essential oils, plant extracts, and organic acids)
on extending vase life of cut flowers.

Table 1. Comparison of natural vs. chemical preservatives for extending vase life of cut flowers.

Feature Natural preservatives Chemical preservatives

Source Plant-based (e.g., essential oils, extracts, Synthetic compounds (e.g., STS,
acids) silver nitrate)

Mode of action Antimicrobial, antioxidant, pH/osmotic Antimicrobial, ethylene inhibition
regulation

Environmental impact Biodegradable, eco-friendly Potentially toxic to environment

Toxicity to humans Generally safe Some are hazardous or restricted

Cost and availability Variable (depends on source) Often low-cost, widely available

Efficacy Moderate to high (depends on High, especially in short-term
formulation) outcomes

Consumer preference Increasing due to sustainability Declining due to

health/environmental concerns

MATERIALS AND METHODS

Effect of natural preservatives on vase life of cut flowers

Essential oils

Essential oils (EOs) are complex mixtures of volatile compounds derived from aromatic
plants, obtained from parts such as leaves, flowers, and seeds. These secondary metabolites
contain many different natural compounds, with major groups including terpenoids and
phenolics. These compounds give the oils useful biological properties, enabling them to fight
microbes, reduce inflammation, and act as antioxidants (Agrawal et al., 2024; Durczynska &
Zukowska, 2024; Raghuvanshi et al., 2023). The EOs combat pathogens in several ways, such
as breaking down bacterial cell walls and draining the cell’s energy, like ATP. Furthermore,
EOs creates oxidative stress inside the pathogen cells by producing reactive oxygen species
(ROS). Together, these attacks make it hard for the microbes to survive. This shows the EOs
could be natural replacements for artificial antimicrobials (Falleh, 2025). Overall, EOs are
promising natural tools that are compatible with biology, have a low environmental impact,
and are effective against harmful pathogens. For these reasons, they are now being considered
as natural alternatives to synthetic chemicals. The EOs can preserve cut flowers and make
them last longer in a vase.
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Many studies show that EOs can help cut flowers last longer. For example, Nesreen et al.
(2022) found that clove oil (25 mg L™') made 'Rosalin’ gerbera cut flowers live much longer
in a vase than other treatments. Bazaz and Tehranifar, (2011) also reported a longer vase life
for Alstroemeria cut flowers treated with thyme oil. In another study, Manfredini et al. (2017)
tested several EOs on roses and noted that eucalyptus, cinnamon, lemongrass, and
peppermint’s essential oils (all at 1%), as well as clove oil (0.1%), improved the cut flowers’
condition after harvest. Solgi (2018) demonstrated that adding thymol (25 or 50 mg L™) to
the vase solution greatly extended the vase life of cut carnations. These results are further
supported by El-sayed and Elziat (2021) Their work confirmed that thyme and clove oils
significantly increase the vase life of gerbera cut flowers.

Bayat et al. (2013) studied the use of EOs as preservatives for lisianthus cut flowers. They
found that these oils greatly extended the flowers' vase life compared to untreated ones. For
example, at a concentration of 200 mg L', Echinophora platyloba oil increased vase life by
71%. Zataria multiflora oil at the same concentration increased it by 32%. In an earlier study,
Bayat et al. (2011) also tested EOs on carnation cut flowers. They used ajowan oil, summer
savory oil, and thyme oil. Summer savory oil at 100 ppm worked best, extending the vase life
by 4.4 days. However, not all treatments were helpful. Thyme oil at a higher dose (200 mg L-
1) actually had a harmful effect on the flowers.

Saemi et al. (2018) validated that ajowan essential oil increased the longevity of rose cut
flowers (Rosa X hybrida cv. ‘Angelina’), both in the presence and absence of gray mold
infection. Eldeeb and Adam (2021) reported that clove, lavender, and thyme oils at
concentrations of 100 and 200 mg L™ increased the vase life of carnation cut flowers.

Gururani et al. (2023) evaluated the effectiveness of EOs in extending the vase life and
improving solution uptake of cut chrysanthemum flowers (cv. ‘Madam Collette’). Thyme oil
emerged as the most effective treatment, extending the vase life from 9.25 days (untreated) to
18.50 days at a concentration of 50 mg L™". Solution uptake also rose significantly, increasing
from 25.65 mL for untreated flowers to 66.58 mL for those treated with thyme oil. In another
study, Nirmala et al. (2023) tested EOs derived from Artemisia, Ocimum, Geranium,
and Rosemary on cut chrysanthemum (cv. ‘Arctic Queen’) to preserve quality and extend vase
life. Geranium oil at 2.5% produced the longest vase life of 8.98 days. This was achieved by
suppressing microbial growth in the vase solution and stems.

Collectively, these studies highlight the promise of EOs as natural preservatives for cut
flowers. They can improve postharvest quality and longevity. Their antimicrobial action,
along with their eco-friendly and safe profile, positions them as a viable alternative to
synthetic chemicals in floriculture.

Plant extracts

Plant extracts are derived from many parts of a plant. These include flowers, seeds, fruits,
peels, leaves, stems, bark, wood, and roots. Many common edible and medicinal plants and
spices have shown strong effects. Examples are oregano, rosemary, thyme, sage, basil,
turmeric, ginger, garlic, nutmeg, clove, mace, savory, and fennel. These extracts work well
when used individually. They are also effective when combined with other preservation
methods (Tajkarimi et al., 2010). These natural materials combat specific pathogens
effectively. This makes them useful as fragrances, flavorings, and ingredients in medicines.
Their antibacterial power mainly comes from high levels of phenolic compounds, such as
carvacrol, thymol, and eugenol, which have potent antimicrobial activity (Lambert et al.,
2001). Natural flower preservatives are safe for biological systems and the environment, often
outperforming synthetic alternatives while meeting both sustainability goals and the practical
needs of horticulture (Ozcan & Erkmen, 2001; Bayat et al., 2013).
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Fruit extracts show promise as natural additives to extend the vase life of cut flowers.
They offer a more sustainable alternative to synthetic preservatives. Though research in this
particular field remains limited. However, early studies have started to investigate the useful
benefits of these extracts (Babarabie et al., 2018). For instance, Tashenehdari (Scrophularia
striata Boiss.) extract has been shown to effectively prolong the vase life of cut gerberas by
inhibiting bacterial growth, a major cause of flower senescence. Concentrations of 1.5% and
2% of the extract were most effective in extending the lifespan of the flowers while
maintaining their quality and visual appeal (Mohammadi et al., 2020).

In a study on cut carnation flowers, Basiri et al. (2011) reported that rosemary extract
positively influenced the vase life of carnations and improved certain physiological
characteristics of the cut flowers. Babarabie et al. (2018) established that the acidic
components and carbohydrates present in apple extract contribute to extended vase life. Even
though rosemary essential oil helped gerbera cut flowers (Gerbera jamesonii) last longer, its
combination with apple extract acts best. Using 60 ml/L of apple extract extended the vase
life of flowers to 20.33 days, considerably longer than the control group, while among all
tested plant extracts, a 20% savory extract proved most effective for Alstroemeria cut flowers,
achieving a notable vase life of 18 days. Other plant extracts showed limited success,
although 8-hydroxyquinoline sulfate (8-HQS) at a concentration of 200 mg L also
demonstrated significant vase life extension, reaching nearly 20 days (Kabari &
Soleimandarabi, 2019).

Borage leaf extract shows great potential for keeping gladiolus cut flowers fresh longer. It
can extend their vase life from about 6 days to an impressive 13 days. When used at a 3%
concentration, the extract improves flower quality in two key ways. Reducing oxidative stress
and limiting bacterial growth are two actions that both enable the flowers to last considerably
longer (Zulfiqar et al., 2024).

Moringa leaf extract comes from the Moringa oleifera tree. Research shows it works well
as a natural plant booster (Phiri & Mbewe, 2010). Moringa leaf extract influences a range of
biochemical and physiological processes in plants (Nasir et al., 2016; Yasmeen et al., 2013).
It does this by increasing antioxidant enzymes and protecting cell membranes (Ashraf et al.,
2016; Aslam et al., 2016). A study by Hassan and Fetouh (2019) tested the extract on
Gladiolus cut flowers ‘White Prosperity’ variety. Different concentrations of the extract,
including 1%, 2%, 3%, and 4% were used. All tested concentrations prolonged vase life
compared to water, with the 3% solution yielding the best results, as increasing the
concentration further provided no additional benefit.

Boondouylan and Kunyamee (2022) studied herbal extracts for cut chrysanthemums.
These extracts helped keep the flowers fresh while also boosting both their longevity and
visual appeal. Vehniwal et al. (2020) tested a special vase solution for cut carnations cv.
‘White Sim’. The solution had compost tea, putrescine, and extracts from rosemary and
lemon. They found that a combination of 3.5% compost tea and 15 mg L™" putrescine worked
best, it extended vase life and matched the performance of commercial preservatives.

In summary, plant extracts from fruits, herbs, and moringa leaves all have the potential to
extend the vase life of cut flowers. They are beneficial because they combat microbes, reduce
stress-related damage, and stop bacteria from growing, which makes them a good, eco-
friendly alternative to synthetic preservatives. More research is needed so that scientists can
identify the best ways to use them and uncover their exact mechanisms.
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Organic acids

Ascorbic acid

Ascorbic acid (AsA), also called vitamin C, is an essential antioxidant found throughout
plants (Macknight et al., 2017). It has many important actions: it shields plants from
oxidative damage and acts as a redox buffer (Pignocchi & Foyer, 2003) , works as a helper for
certain enzymes (Smirnoff & Wheeler, 2000), and helps control how cells divide and grow
(Kerk & Feldman, 1995). Additionally, AsA is integral to plant signaling pathways. This
organic acid influences various developmental and stress responses (Noctor et al., 2000;
Pignocchi & Foyer, 2003). Although plants can absorb minor variations in endogenous AsA,
substantial imbalances have detrimental effects on growth and overall health. This
demonstrates the compound's critical importance in plant development (Gallie, 2013). These
central physiological functions make AsA valuable for the postharvest management of cut
flowers. It is applied to reduce oxidative stress and thereby extend vase longevity. As a key
antioxidant, AsA is integral to sustaining vase life through the detoxification and removal of
reactive oxygen species (ROS). When used as a preservative, AsA performs two key
functions, reducing the number of pathogens in the vase solution and helping flower cells
remove ROS more effectively. This happens because AsA triggers several positive changes,
namely (1) improving water uptake by causing the plant to develop more and wider xylem
vessels; (2) lowering oxidative stress, as indicated by decreased hydrogen peroxide and
malondialdehyde levels; (3) boosting natural defenses, through increased activity of the
flower’s own antioxidant enzymes. Together, these actions slow down senescence,
demonstrating that treating cut flowers with AsA is a useful method for maintaining their
postharvest freshness and quality (Mahmoudian et al., 2025).

Practical applications confirm AsA's considerable potential for enhancing the postharvest
longevity of cut flowers. In a study of two chrysanthemum cultivars, 'Reagent Sunny' and
'Yellow Fiji', treatment with AsA delayed visual deterioration, including petal discoloration,
while also preserving the freshness of both leaves and petals. When used at a concentration of
200 mg L™, AsA kept them fresh for about two extra days and slowed down the loss of
chlorophyll compared to untreated samples (Budiarto et al., 2022). A similar effect was seen
in lisianthus (Eustoma grandiflorum), a flower that typically does not last long in a vase.
However, treatment with AsA extended its vase life, with the best results coming from a
concentration of 200 mg L™, at which the flowers absorbed more water and stayed fresh the
longest (Azizi et al., 2015). Supporting this evidence, Sheikh et al. (2014) also found that
lisianthus cut flowers treated with a 300 mg L™ AsA solution had a vase life of 16.81 days,
which was the longest duration recorded in their experiment. Further confirmation comes
from research on gladiolus (Gladiolus spp.), in which Ravanbakhsh et al. ( 2017) reported that
AsA significantly extended the vase life of these cut flowers. The best results were achieved
with a 6 mM AsA concentration, which produced the maximum longevity, a finding that
highlights the versatility of AsA as a natural preservative effective across different flower
species.

Research has also explored a combination of AsA with other natural preservatives. In a
study on marigolds (7agetes erecta), Sharma et al. (2023) used a dual treatment of AsA and
SA. Their specific combination of 200 mg L™ AsA with 50 mg L™' SA extended vase life by
40% by increasing the flowers' antioxidant defenses and suppressing microbes in the vase
solution, which consequently improved water uptake and delayed senescence. These findings
highlight AsA's promise as a viable, sustainable alternative to commercial synthetic
preservatives.

558



Bayat and Davoodi/J. HORTIC. POSTHARVEST RES., 9(4), DECEMBER 2026

Citric acid

Citric acid (CA), a naturally occurring organic acid, plays a diverse role in plant physiology
and postharvest management. CA has emerged as a valuable natural preservative for
extending the vase life of cut flowers. The primary action of CA improves water quality and
restricts microbial growth. A key mechanism is its ability to acidify the vase solution, thereby
lowering the pH and effectively inhibiting harmful bacteria and fungi. This is critical, as these
microbes can clog the flower's xylem, preventing proper hydration (van Doorn, 2014). The
chelating properties of CA facilitate iron mobilization and transport, a mechanism that is
essential for plant health maintenance (Darandeh & Hadavi, 2012). Additionally, studies by
Eidyan et al. (2014), and Darandeh and Hadavi (2012) suggest that CA can enhance the
postharvest longevity of cut flowers, such as lilies and tuberoses, by improving physiological
processes.

The effectiveness of CA as a natural preservative has been widely researched in different
cut flowers. For example, Vahdati Mashhadian et al. (2012) examined the effects of SA (0,
100, 200, or 300 ppm) or CA (0, 100, or 200 ppm) on Chrysanthemum (Dendranthema
grandiflorum (Ramat.) Kitamura cv. ‘Patriot’) cut flowers. They found that different levels of
SA or CA greatly increased vase life. The best result was obtained from 300 ppm SA, which
resulted in a vase life of 21.77 days. The control group, in contrast, lasted only 6.88 days. In
another study, Mehdikhah et al. (2016) tested Gerbera flowers (Gerbera jamesonii ). Their
results showed that among the concentrations tested (50, 100, or 200 mg L™"), 100 mg L™ CA
was the best concentration, achieving a maximum vase life of 11.31 days, and by significantly
enhancing water uptake, this treatment suggests a potential mechanism for its effectiveness.

Further studies by Bayat and Aminifard (2018) revealed that CA concentrations of 100,
200, and 300 ppm significantly prolonged the vase life of Narcissus tazetta cv. ‘Shahla’ cut
flowers compared to the control. Amin (2017) proposed that CA inhibits bacterial growth in
the vase solution and improves water conductance through the flower’s vascular system,
thereby enhancing water uptake. This hypothesis is supported by Krause et al. (2021), who
observed reduced fresh weight loss in Lilium pumilum cut flowers treated with a combination
of 100 mg L' CA and 20 g L™! sugar solution. Gun (2020) also reported that a 100 mg L' CA
solution significantly extended the vase life of Narcissus tazetta cut flowers compared to
untreated controls.

Recent research continues to support the benefits of CA for cut flower preservation
(Alkag et al., 2023). In a study on carnations (Dianthus caryophyllus L.), a concentration of
200 mg L' CA produced the most favorable outcomes, extending the vase life of treated
flowers to 16 days, representing a 17% increase compared to untreated controls. Furthermore,
this treatment facilitated the highest water uptake (38.53 g per stem), and adequate water
absorption is essential for maintaining floral hydration, thereby preserving freshness and
postharvest vitality.

Gibberellic acid

Gibberellic acid (GA) is an important plant hormone that affects many different stages of a
plant's growth, for instance helping seeds to germinate and making stems grow longer, which
leads to taller plants. Furthermore, GA plays a role in flowering. It can increase the number of
flowers, trigger the flowering process, and even control sex expression in some plant species.
Moreover, GA has been shown to overcome dormancy, a physiological state that delays
germination or growth in academic studies (Daviere & Achard, 2013; Plackett & Wilson,
2016). GA is an important plant hormone that affects many different stages of a plant's
growth. For instance, GA helps seeds to germinate and also makes stems grow longer, which
leads to taller plants. Furthermore, GA plays a role in flowering, as it can increase the number
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of flowers, trigger the flowering process, and even control sex expression in some plants,
achieving this by sustaining their visual quality and delaying deterioration (Jaber &
Mashkoor, 2025).

In a study by Mutui et al. (2006) solution with 10 mg L' of GA4+7 was found to be
effective in preserving the quality of Alstroemeria cut flowers during transport. This treatment
extended the vase life, delayed leaf senescence, and overall enhanced the postharvest quality
of the flowers. Isapareh et al. (2014) investigated the effect of GA3 on the longevity of cut
Alstroemeria 'Bridal' flowers. Their study revealed that GA3 at 50 or 100 mg L™! significantly
extended vase life by 3.33 or 3 days, respectively, compared to other treatments. These
findings suggest that GA3 application can be an effective method to prolong the freshness and
visual appeal of cut 'Bridal' Alstroemeria flowers. GA at a concentration of 50 ppm
significantly prolonged the vase life of Tagetes erecta L. by effectively delaying flower
senescence. This effect was attributed to enhanced floral turgidity and reduced petal fading.
Consequently, it resulted in a maximum postharvest life of 14.66 days, outperforming both
the control and other GAj3 treatments (Sharma et al., 2023). In another research, GA3
treatment resulted in increased floret opening and extended vase life in cut gladiolus flower in
a concentration-dependent manner across concentrations of 0, 25, 50, 100 and 200 mg L™,
with 25 mg L™! yielding the most favorable outcomes, while higher concentrations did not
provide additional benefits (Saeed et al., 2014). The combined treatment of GA3 and calcium
chloride exhibited a pronounced positive impact on vase life, while simultaneously mitigating
microbial proliferation (Sardoei, 2014).

Salicylic acid

Salicylic acid (SA) is an inexpensive phenolic substance that is commonly used in the
postharvest treatment of crops to extend their storage life (Supapvanich & Promyou, 2013).
As a key plant hormone, SA plays a key role in activating plant responses against both biotic
and abiotic stresses. It does so through morphological, physiological, and biochemically-
related pathways (War et al.,, 2011). SA has the ability to positively influence plant
physiology in many different ways, including regulating ethylene production, enhancing
disease resistance, reducing oxidative stress, and decreasing respiration. These factors
contribute to delaying senescence (Asghari & Aghdam, 2010). Furthermore, SA has a dual
mechanism for inhibiting the growth of bacteria. First, it lowers the water's pH, which creates
a less hospitable environment for bacterial growth. Second, it limits the production and
activity of ethylene, a gaseous hormone that initiates plant senescence and can work with
bacteria to accelerate tissue decay (Monya et al., 2021). The various effects of SA are seen in
the beneficial effects of SA on the preservation of cut flowers. Some of the most notable of
these effects include extended vase life via SA has been studied extensively, with multiple
studies showing the positive benefits of SA on the extended vase life of cut flowers through
several synergistic mechanisms. Research indicates that SA provides protection from
oxidative stress through two primary routes: by decreasing membrane damage due to
oxidative stress and by regulating protein production and subsequent transport of proteins to
the flower tissue via the phloem. Additionally, SA has a secondary mechanism of suppressing
the production of ethylene. With the suppression of ethylene, cut flowers can remain more
aesthetically pleasing and last longer as cut flowers (Khudair et al., 2025).

Numerous studies have demonstrated the efficacy of SA in extending the vase life of cut
flowers. For instance, Seman and Rafdi (2019) identified a combination of 200 mg L' SA and
2% sucrose as the optimal vase solution for maintaining the quality of cut Antigonon
leptopus stems. This treatment acidified the vase water (pH < 4), which improved water
uptake. This maintained the flowers' freshness, color, and weight while reducing petal drop,
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ultimately extending vase life by 1.6 times compared to untreated flowers. The two varieties
of Gladiolus cut flowers (‘Pusa Shanti’ and ‘Pusa Chandni’) evaluated in the study by Sharma
et al. (2024) were found to benefit from both Sodium Nitroprusside and SA when they were
used as additives in vase solution. According to the results, for cut flowers, ‘Pusa Shanti’
Gladiolus, SA was more effective than Sodium Nitroprusside. Conversely, Sodium
Nitroprusside was the best treatment for the ‘Pusa Chandni’ Gladiolus cut flowers. The use of
both these agents improved the vase life and overall quality of the flowers significantly. Both
were also non-toxic, inexpensive, biodegradable, and environmentally friendly alternatives to
currently available chemical preservatives that could potentially harm humans or other living
organisms. Additionally, the results of this study indicated the promise of using SA and/or
Sodium Nitroprusside to prolong the postharvest life of cut flower species that are prone to
vascular blockage caused by bacteria and/or the presence of ethylene.

Ghadimian and Danaei (2020) studied the effects of SA on the vase life of Rosa hybrida
cv. 'Black Magic'. The study showed that SA-containing treatments significantly enhanced
both fresh weight and water uptake relative to the control group, where the most substantial
increases in both parameters were observed at the 200 mg L™' concentration. The most
effective concentration of SA was found to be 200 mg 1!, as this concentration reduced ion
leakage more than the other concentrations (50, 100 or 150 mg L") and increased the
chlorophyll index and anthocyanin content compared to the other concentrations. These
findings are consistent with the findings of (Canakci, 2008), who reported that SA treatments
increased vase life and the amount of chlorophyll and anthocyanin present in flower petals.

Bayat and Aminifard (2017) reported a significant enhancement in vase life for five
economically important cut flowers (Alstroemeria peruviana, Gerbera jamesonii, Lilium
asiaticum, Rosa hybrida, and Polianthes tuberose) when treated with SA as a preservative.
Increasing SA concentrations correlated with prolonged vase life, with the optimal effect
observed at 300 mg L' compared to control groups. SA treatment extended vase life by 40 for
Alstroemeria peruviana, 67% for Gerbera jamesonii, 21% for Lilium asiaticum, 71% for
Rosa hybrida, and 56% for Polianthes tuberosa. Also, in a recent research noted that
application of SA significantly extended the vase life of lisianthus cut flowers (Piri &
Jabbarzadeh, 2025).

Together, the research underscores the significant potential of SA as a natural and
effective preservative for extending the vase life of cut flowers. It functions through multiple
mechanisms, including the suppression of ethylene production, enhancement of water uptake,
reduction of oxidative stress, and inhibition of bacterial growth. This makes SA a viable and
sustainable alternative to synthetic chemicals in floriculture. To fully realize its potential,
further studies are required to optimize SA concentrations for specific flower varieties and to
gain a more detailed understanding of its mode of action. Performance of different cut flowers
in response to various types of natural preservatives was shown in Table 2.
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Table 2. Performance of different cut flowers in response to various types of natural preservatives.

Crop Natural preservative Effect Reference
GA Extended the vase (Mutui et al., 2006)
Alstroemeria life, delayed leaf
(Alstroemeria peruviana) senescence, and overall
enhanced the postharvest
quality
GA Extended the vase life (Isapareh et al., 2014)
SA Enhancement in vase life (Bayat & Aminifard,
2017)
Savory extract Extended the vase life, the (Kabari&

greatest solution uptake

Soleimandarabi, 2019)

Thyme Eos extended shelf life (Bazaz & Tehranifar,
2011)
Antigonon leptopus SA lowered the vase solution pH (Seman & Rafdi, 2019)

below 4. Acidic water
demonstrably enhanced the
uptake of the solution by the
stems, consequently
extension of vase life

Ajowan EOs 100-200 Increase in the vase life (Bayat et al., 2011)

Carnations
(Dianthus caryophyllus)

ppm, summer savory EOs 100-
200 ppm, and thyme EOs 100-
150 ppm

CA

EOs (clove, lavender.
thyme)

and

Rosemary and lemon extracts

Thymol (25 or 50 mg L)

Thyme, marjoram, anise, and
geranium EOs

Prolonged the vase life
Extended vase life

Prolonged flower freshness
and longevity

Prolonged the vase life

Doubled the vase life
increase in both longevity and
solution absorption

(Alkag et al., 2023)
(Eldeeb & Adam,
2021)

(Vehniwal et al., 2020)

(Solgi, 2018)

(Gururani et al., 2023)

AsA 200 mg L! longer leaf and petal (Budiarto etal., 2022)
Chrysanthemum freshness and a slower
(Chrysanthemum degradation of chlorophyll
morifolium) CA Extended vase life (Vahdati Mashhadian
etal., 2012)
SA Prolonged the vase life (Vahdati Mashhadian
etal., 2012)
Apple extract Significant improvement on (Babarabie et al., 2018)
Gerbera & rosemary EOs combination vase life
(Gerbera jamesoni) with apple extract

CA

Clove EOs (25 mg L)

Tashenehdari (Scrophularia
striata Boiss.) extract

Thyme and clove Eos

Extended the vase life

Increase in the longevity

Prolonged the wvase life,
reduced microbial
contamination

Extended the vase life

(Mehdikhah et al.,
2016)
(Nesreen et al., 2022)

(Mohammadi et al.,
2020)

(El-sayed & Elziat,
2021)
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Gladiolus grandiflorus AsA 6 mM Extend the vase life (Ravanbakhsh et al.,
2017)
Borage leaf extract Enhanced extending the vase (Zulfiqar et al., 2024)
life and flower quality by
mitigating oxidative stress,
inhibiting bacterial growth
GA Increased floret opening, (Saeed etal., 2014)
extended vase life
Moringa leaf extract Extended vase life (Hassan & Fetouh,
2019)
SA Extended the postharvest life (Sharma et al., 2024)
of flowers susceptible to
vascular  blockage  from
bacteria or ethylene
AsA 200 mg L Extended the postharvest (Azizietal, 2015)
Lisianthus longevity to the highest
(Eustoma grandiflorum uptake of the solution
L)
Combination of 200 mg L' Increased the vase life, (Sharma et al., 2023)
Marigold AsA and 50 mg L' SA improved water uptake and

(Tagetes erecta)

delayed senescence

GA 50 ppm Enhanced floral turgidity and (Sharma et al., 2023)
a reduction in petal fading,
with a maximum postharvest
life of 14.66 days
CA Prolonged the vase life (Bayat & Aminifard,
Narcissus 2018)
(Narcissus tazetta)
CA Extended vase life (Gun, 2020)
GA Pronounced positive impact (Sardoei, 2014)
on vase life in corporation
with calcium chloride,
simultaneously combating
microbial proliferation
SA Enhancement in vase life (Bayat & Aminifard,
Polianthes tuberose 2017)
SA Extends vase life, (Canakgi, 2008)
Raphanus sativus elevates both chlorophyll
content and anthocyanin
levels in flower petals
Ajowan EOs Percentage of gray mold (Saemi etal., 2018)
Rose infection significantly
(Rosa spp.) decreased

Eucalyptus, cinnamon,

lemongrass, peppermint
1%), and clove oil

(all at
(0.1%)
SA

increased the longevity of
rose cut flowers

Enhanced the condition of
floral stems in postharvest

Increased fresh weight and
water absorption

(Manfredini et al.,
2017)

(Ghadimian & Danaei,
2020)

AsA: Ascorbic acid; CA: Citric acid; EOs: Essential oils; GA: Gibberellic acid; SA: Salicylic acid
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Functional mechanisms of natural preservatives

The foregoing discussion provides an overview of the potential of various types of natural
preservatives available to improve flowers' post-harvest quality. These natural compounds
will improve either vase life or water absorption by controlling microbial populations during
the vase life. EOs, plant extracts, and organic acids were the largest groups used to extend the
longevity of flowers among all other natural preservatives investigated. The mechanisms of
natural preservatives in relation to vase life include a combination of many different types of
means (physical, chemical, and biological). Below are the key functional mechanisms related
to the natural preservatives?

Ethylene inhibition

Ethylene is an important phytohormone responsible for causing wilting and decay as part of
the process of senescence. Its biosynthesis begins with S-adenosylmethionine (SAM). SAM is
sequentially converted by 1-aminocyclopropane-1-carboxylic acid (ACC) synthase (ACS) and
ACC oxidase (ACO) (Yoon & Kieber, 2013; Tipu & Sherif, 2024). The signaling pathways
involved in ethylene are divided into two systems: System 1 produces low levels of ethylene
during early development, while System 2 is auto-amplifying, responding to the ageing
process in plants (Fig. 2). Many natural compounds can effectively block ethylene's harmful
effects. SA and CA work by reducing the activity of the ACS enzyme. EOs act differently by
directly inhibiting the ACO enzyme. This stops the final step in ethylene production (Khan et
al., 2024). By blocking these key steps in ethylene production, these natural preservatives
effectively lower ethylene levels. This helps delay aging, protect cell structure and improve
how water and nutrients move within the plant. Therefore, when used on cut flowers, these
natural materials can significantly enhance their quality and extend their lifespan (da Costa et
al., 2021; Nguyen & Lim, 2021).

Antioxidant activity
Reactive oxygen species (ROS) are a common cause of oxidative damage in cut flowers.
Antioxidants can neutralize ROS and reduce their harmful effects.

These antioxidants also help to boost the activity of key protective enzymes like catalase
(CAT) and glutathione reductase (GR). EOs from rosemary and sage has been shown to
increase antioxidant enzyme activity in cut gladiolus flowers. This helps stabilize their cell
membranes and extends their vase life (Moussa et al., 2024). Plant extracts, such as those
from borage (Borago officinalis L.) and savory (Satureja hortensis L.), also work to decrease
oxidative stress. As a result, they improve membrane stability and influence MDA content.
These natural treatments are effective ways to reduce damage in cut flowers. In addition to
reducing oxidative stress, floral colors remain stable, and senescence is delayed (Fig. 3)
(Kabari & Soleimandarabi, 2019; Zulfiqar et al., 2024).
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Fig. 2. Ethylene inhibition by natural preservatives in cut flowers. ACC: Aminocyclopropane-1-Carboxylate,
ACO: Aminocyclopropane-1-Carboxylate oxidase, ACS: l-aminocyclopropane-1-carboxylic acid synthase,
SAM: S-adenosylmethionine. The figure illustrates the key components involved in ethylene biosynthesis and its
inhibition by natural preservatives in cut flowers.
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Fig. 3. Antioxidant function of natural preservatives in cut flowers. CAT: catalase, GR: glutathione reductase,
MDA: malondialdehyde, ROS: Reactive Oxygen Species. The figure illustrates that natural preservatives
scavenge reactive oxygen species (ROS) to mitigate oxidative stress. This reduction in ROS lowers membrane
damage, indicated by decreased malondialdehyde (MDA), which in turn improves overall flower quality.

Antimicrobial effects

Microorganisms' rapid growth in the vase water of cut flowers makes them decay and
discolor. Microbial growth can be slowed down by the use of different types of natural
preservatives that prevent the growth of harmful microorganisms and allow cut flowers to be
kept longer (Fig. 4). EOs possess the capacity to suppress microbial populations within cut flower
preservative solutions through the disruption of microbial cell membranes (Bhandari et al., 2026).
As an example, Thyme oil increased the amount of chlorophyll and the stability of membranes
in Eustoma grandiflorum, resulting in a longer vase life for this cut flower (Abdossi et al.,
2015). Organic acids, for example, CA, have the property to disrupt the membranes of
microbial cells. By disrupting the cell membranes, there is an increase in osmolarity, which
subsequently prevents the cell from synthesizing the cellular macromolecules necessary for its
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growth, thus enhancing the antimicrobial properties of these acids (Zhang et al., 2011; Alkag
etal., 2023).

Microbial growth Prolonged freshness
in vase water Natural preservatives
&
Chlorophyll4 delayed decay in
Membrane stability cut flowers

Vase life 4
J:I.\

Disrupt microbial membranes +

Decay & Osmolarity imbalance ¥
discoloration of Inhibit macromolecule synthesis
flowers

Fig. 4. Antimicrobial properties of natural preservatives in cut flower preservations. This figure demonstrates
how natural preservatives inhibit microbial growth in vase water by disrupting cell membranes and impairing
macromolecule synthesis, thereby reducing flower decay and extending freshness.

*Maintain optimal pH

Unregulated '
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colonization
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Improves mitochondrial function
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Fig. 5. pH regulation effect of natural preservatives in cut flowers. The figure demonstrates how natural
preservatives optimize vase water pH, inhibiting microbial growth while enhancing water uptake and xylem
function to prevent oxidative damage and prolong flower freshness.

pH regulation

The longevity of cut flowers is contributed to their vase water pH levels being controlled by
natural preservatives. Regulating the vase water's pH prevents the majority of bacteria and
fungi from multiplying to create an unmanageable environment for cut flowers (Fig. 5). Low
pH improves water uptake by stems and reduces xylem blockage caused by air embolisms and
microbial growth at cut sites (Hardenburg et al., 1986; Manzoor et al., 2024). Natural
preservatives provide an ideal pH level for cut flowers, which prevents air from forming
within the water-conducting tissues and enables cut flowers to absorb water while maintaining
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freshness. By inhibiting bacterial growth, low pH will increase the quantity of water flow in
the cut flowers and potentially prevent blockage of water pathways. In addition, the increased
ability to absorb water resulting from the low pH levels will create enough pressure to
minimize the occurrence and build-up of air bubbles within the xylem. Some of the plant
extracts that have been analyzed and identified as senotherapeutics contain the properties that
can assist in increasing the life span of cut flowers, contribute to improving mitochondrial
efficiency, and prevent oxidative damage, which negatively affects the aging process and, in
turn, an organism's overall lifespan (Lutchman et al., 2016).

Osmotic regulation

Keeping cut flowers hydrated is key to their structure and how long they last. Different
natural preservatives can help balance osmotic pressure (Fig. 6). Osmotic balance happens
when the water and dissolved solution levels inside the plant cells match the levels in the vase
solution around them (Taiz et al., 2015; Majumder & Sharangi, 2024). EOs is another natural
preservative that work by stopping microbes from growing in the vase solution. EOs also
upregulate antioxidant Enzymes, helping plants handle stresses. Key enzymes are superoxide
dismutase (SOD), polyphenol oxidase (PPO), and peroxidase (POD), which protect plant cells
from damage and make the plants more tolerant to osmotic and oxidative stress (Borromeo et
al., 2025). The vase life of cut flowers is strongly affected by organic acids and plant growth
regulators. These treatments help manage water balance, extend freshness, and delay aging;
for example, organic acids like CA and SA are very effective, as research consistently shows
that they significantly improve longevity by keeping cut flowers fresh for longer (Alkag et al.,
2023). This regulation of osmotic pressure ensures that cut flowers remain hydrated and
metabolically active for longer periods.

Nutrient supplementation

In order for cut flowers to last as long as possible and remain in good condition, having
enough nutrition is really important. By using natural preservatives like CA or sugar, it is
possible to give them both the nutrients and antioxidants needed to support metabolism and so
remaining fresh longer (Fig. 7). One type of antioxidant from EOs is called a phenolic
compound, which provides protection for cut flowers by supporting cell membranes and
extending the amount of time that the cut flowers remain fresh (Gururani et al., 2023; Moussa
et al., 2024).

Natural preservatives increase the longevity of cut flowers by providing multiple
mechanisms that protect them. They can help to prevent and mitigate the negative effects of
ethylene on cut flowers by providing antioxidant and antimicrobial effects, as well as by
regulating overall pH and osmotic balance, and providing additional sources of nutrients.
Each of the above activities contributes to the maintenance of the structural integrity of the
cut flowers, thereby delaying senescence and supporting the maintenance of the cut flowers'
aesthetic properties. Consequently, essential oils, plant extracts, and organic acids are
effective natural preservatives for cut flowers. Their use in the floriculture industry opens a
path toward more sustainable practices. This approach can help preserve flowers for longer
periods and significantly improve their postharvest quality.
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Fig. 6. Osmotic control by natural preservatives in cut flowers. The figure highlights how natural preservatives
regulate osmotic pressure in cut flowers, preventing cell collapse and wilting while maintaining hydration and
metabolic activity to extend vase life.
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Fig. 7. Role of natural preservatives in nutrient supplementation for cut flower longevity. ROS: Reactive Oxygen
Species. The figure demonstrates how natural preservatives enhance cut flower longevity by supporting
metabolism, strengthening cell membranes, and neutralizing reactive oxygen species (ROS) to prolong freshness.

Limitations of existing studies

Research confirms that natural preservatives can extend the vase life of cut flowers. The
findings, however, are qualified by several important limitations, like: (1) Many studies used
small samples of just 10-20 flowers, so the results may not be strong or widely applicable.
They also rarely repeated tests with different types of flowers. (2) The findings rely on stable,
ideal laboratory conditions, a gap which means there is a lack of essential data on how the
preservatives perform in the more variable conditions encountered in vivo. (3) Economic and
stability issues present major hurdles. The high cost of extracting key natural compounds
hinders their economic viability. Furthermore, their rapid degradation in solution presents a
major problem to widespread commercial use. Another issue is the unpreservability of these
compounds. Research on stabilizing natural preservatives is limited. Methods like
microencapsulation are not yet practical for wide use. (4) These preservatives are often
considered eco-friendly, but their true environmental impact is unclear. Important studies on
their long-term effects on soil and water are still missing. (5) There is also very little data on
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how different preservatives interact with each other. Combining ingredients, such as EOs with
organic acids, may greatly improve their effectiveness, but studies on these synergistic effects
remain sparse. This gap represents a significant missed opportunity for developing more
robust natural solutions.

CONCLUSIONS

Based on the evidence reviewed, natural plant-based compounds have been proven to be an
effective option to replace chemical preservatives that are currently used in the care of cut
flowers. Some examples of these natural preservatives are essential oils, plant extracts, and
organic acids. When added to the vase solution, they all help cut flowers last longer by
preserving freshness and quality and by stopping harmful microbes from growing, which
directly improves how the flowers look and extends their vase life. Furthermore, these
products provide a variety of options to overcome common post-harvest problems and to
prevent or reduce the shortening of the vase life or quality of cut flowers. These eco-friendly
agents have multifunctional action, as they slow down aging, fight microbes, and nourish the
flower. Their capability in these fields makes them especially effective at keeping cut flowers
fresh for longer. The floriculture industry faces significant barriers in adopting natural
preservatives. Therefore, targeted research should prioritize solving several practical
challenges. The priority is to identify novel natural compounds with more severe efficacy and
safety. Research should broaden to investigate underutilized plant species as novel sources.
Agricultural by-products also represent a logical and sustainable category for exploration.
Next, researchers should establish standardized protocols for extraction, formulation, and
application. These standards guarantee that results remain reliable, whether in the lab or in a
commercial warehouse. Scaling up production should be proven sustainable, both for the
environment and as a business model. The practical use of natural preservatives requires
proving they work reliably outside the lab. This proof depends on meeting three key
conditions: consumer approval, commercial practicality, and verifiable environmental
sustainability. A focused research effort in these areas is therefore essential. This approach
provides a practical path to reducing the floriculture industry's reliance on synthetic
chemicals. It also enhances cut flower quality and longevity, contributing to a more
sustainable model. Ultimately, it supports a shift toward a more sustainable model for
floriculture.

Conflict of interest
The authors declare that they have no conflict of interest.

REFERENCES

Aalifar, M., Aliniaeifard, S., Arab, M., Zare Mehrjerdi, M., Dianati Daylami, S., Serek, M., Woltering,
E., & Li, T. (2020). Blue light improves vase life of carnation cut flowers through its effect on the
antioxidant defense system. Frontiers in Plant Science, 11, 511.
https://doi.org/10.3389/1pls.2020.00511

Abdossi, V., Esmaeili, F., & Kazemi, M. (2015). Efficiency of essential oils and nano-malate in
reduction of ethylene production and extension of vase life of cut Eustoma grandiflorum
Mariachii. cv. Blue flowers. Bangladesh Journal of Botany, 44(3), 465-468.
https://doi.org/10.3329/bjb.v44i3.38556

Agrawal, M., Rao, K., Singhal, M., & Chaudhary, H. (2024). Essential Oil: Its Chemistry,
Biochemistry and Application. In The Chemistry inside Spices & Herbs: Research and
Development: Volume 4 (pp. 157—174). Bentham Science Publishers.

569



0

Bayat and Davoodi/J. HORTIC. POSTHARVEST RES., 9(4), DECEMBER 2026 g Ei"?i D §-§:\
[

e,

https://doi.org/10.2174/9789815196832124040009

Ahmad, [., Dole, J. M., Amjad, A., & Ahmad, S. (2012). Dry storage effects on postharvest
performance of selected cut flowers. HortTechnology, 22(4), 463—469.
https://doi.org/10.21273/horttech.22.4.463

Ahmad, I., Rafiq, M. B., Dole, J. M., Abdullah, B., & Habib, K. (2017). Production and postharvest
evaluation of selected exotic specialty annual cut flower species in Punjab, Pakistan.
HortTechnology, 27(6), 878—883. https://doi.org/10.21273/horttech03814-17

Alkag, O. S., Giines, M., & Belgiizar, S. (2023). Effects of organic acids, chemical treatments and
herbal essential oils on the vase life of cut carnation (Dianthus caryophyllus L.) flowers. Emirates
Journal of Food and Agriculture, 4, 332-341. https://doi.org/ 10.9755/ejfa.2023.v35.i4.3002

Amin, O. A. (2017). II-Effect of some chemical treatments on keeping quality and vase life of cut
chrysanthemum flowers. Middle East Journal of Agricultural Research, 6(1), 221-243.

Asadi-Kavan, Z., Khavari-Nejad, R. A., Iranbakhsh, A., & Najafi, F. (2020). Cooperative effects of
iron oxide nanoparticle (a-Fe203) and citrate on germination and oxidative system of evening
primrose (Oenthera biennis L.). Journal of Plant Interactions, 15(1), 166—-179.
https://doi.org/10.1080/17429145.2020.1774671

Asghari, M., & Aghdam, M. S. (2010). Impact of salicylic acid on post-harvest physiology of
horticultural crops. Trends in Food Science & Technology, 21(10), 502—509.
https://doi.org/10.1016/j.tifs.2010.07.009

Ashraf, R., Sultana, B., Igbal, M., & Mushtaq, M. (2016). Variation in biochemical and antioxidant
attributes of Raphanus sativus in response to foliar application of plant leaf extracts as plant
growth regulator. Journal of Genetic Engineering and Biotechnology, 14(1), 1-8.
https://doi.org/10.1016/j.jgeb.2016.08.003

Aslam, M., Sultana, B., Anwar, F., & Munir, H. (2016). Foliar spray of selected plant growth
regulators affected the biochemical and antioxidant attributes of spinach in a field experiment.
Turkish Journal of Agriculture and Forestry, 40(2), 136—145. https://doi.org/10.3906/tar-1412-56

Asrar, A.-W. (2012). Effects of some preservative solutions on vase life and keeping quality of
snapdragon (Antirrhinum majus L.) cut flowers. Journal of the Saudi Society of Agricultural
Sciences, 11,29-35. https://doi.org/10.1016/j.jssas.2011.06.002

Aziz, S., Younis, A., Jaskani, M. J., & Ahmad, R. (2020). Effect of PGRs on antioxidant activity and
phytochemical in delay senescence of lily cut flowers. Agronomy, 10(11), 1704.
https://doi.org/10.3390/agronomy 10111704

Azizi, S., Onsinejad, R., & Kaviani, B. (2015). Effect of ascorbic acid on post-harvest vase life of cut
lisianthus (Eustoma grandiflorum L.) flowers. ARPN Journal of Agricultural and Biological
Science, 10(11), 417-420.

Babarabie, M., Zarei, H., & Varasteh, F. (2018). An investigation into the potential enhancement of
vase life and physiological characteristics of gerbera cut flowers by apple fruit extract and
rosemary essential oils. Journal of Animal and Plant Sciences, 28, 527-532.

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

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

Bayat, H., & Aminifard, M. H. (2018). Effects of different preservative solutions on vase life of
Narcissus tazetta cut flowers. Journal of Ornmental Plants, 8(1), 13-21.

Bayat, H., Azizi, M., SHOOR, M., & Mardani, H. (2011). Effect of ethanol and essential oils on
extending vase-life of carnation cut flower (Dianthus caryophyllus cv. Yellow Candy). Notulae
Scientia Biologicae, 3, 100. https://doi.org/10.15835/nsb346266

Bayat, H., Geimadil, R., & Abdollahi 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(2), 163—169. https://doi.org/10.22092/jmpb.2013.108590

Bazaz, A., & Tehranifar, A. (2011). Effect of ethanol, methanol and essential oils as novel agents to
improve vase-life of alstroemeria flowers. Journal of Biological and Environmental Science, 5,
41-4e.

570



0

Bayat and Davoodi/J. HORTIC. POSTHARVEST RES., 9(4), DECEMBER 2026 g Ei"?i D 233\
[

Bhandari, N., Pun, U. K., & Panth, M. (2026). The efficacy of natural preservatives in extending the
vase life of cut flowers. Science  Progress, 109(1), 00368504261428983.
https://doi.org/10.1177/00368504261428983

Boondouylan, I., & Kunyamee, S. (2022). Extending the vase life of cut chrysanthemum flowers with
herbal extracts. In P. K. K. Thammasiri H. W. Pritchardeditors (Ed.), Acta Horticulturae (Issue
1339 PP-Leuven, pp. 371-376). International Society for Horticultural Science (ISHS).
https://doi.org/10.17660/ActaHortic.2022.1339.46

Borromeo, I., Giordani, C., & Forni, C. (2025). Efficacy of Lippia alba essential oil in alleviating
osmotic and oxidative stress in salt-affected bean plants.

Horticulturae, 11(5), 457.https://doi.org/10.3390/horticulturac11050457

Budiarto, K., Zamzami, L., & Endarto, O. (2022). Effect of salicylic and ascorbic acids on post-
harvest vase life of Chrysanthemum cut flowers. Horticultural Science, 49, 38—47.
https://doi.org/10.17221/151/2020-HORTSCI

Canakgi, S. (2008). Effects of salicylic acid on fresh weight change, chlorophyll and protein amounts
of radish (Raphanus sativus L.) seedlings. Journal of Biological Sciences, 8(2), 431-435.
https://doi.org/10.3923/jbs.2008.431.435

Choresca, R. G. C., & Bayogan, E. R. V. (2019). Vase life of cut torch ginger (Etlingera elatior)
inflorescences as influenced by stem length. Mindanao Journal of Science and Technology, 17,
127-140. https://doi.org/10.17660/actahortic.2015.1088.52

da Costa, L. C., de Araujo, F. F., Ribeiro, W. S., de Sousa Santos, M. N., & Finger, F. L. (2021).
Postharvest physiology of cut flowers. Ornamental Horticulture, 27(03), 374-385.
https://doi.org/10.1590/2447-536x.v2713.2372

Dar, R. A., Nisar, S., & Tahir, I. (2021). Ethylene: a key player in ethylene sensitive flower
senescence: a review. Scientia Horticulturae, 290, 110491.
https://doi.org/10.1016/j.scienta.2021.110491

Darandeh, N., & Hadavi, E. (2012). Effect of pre-harvest foliar application of citric acid and malic
acid on chlorophyll content and post-harvest vase life of Lilium cv. Brunello. Frontiers in Plant
Science, 2, 106. https://doi.org/10.26545/ajpr.2018.b00017x

Daviere, J. M., Achard, P. (2013). No Title. Gibberellin Signaling in Plants, 140(6), 1147-1151.
https://doi.org/10.1242/dev.087650

Doorn, W. G. van. (1998). Effects of daffodil flowers on the water relations and vase life of roses and
tulips. Journal of the American Society for Horticultural Science, 123(1), 146—149.
https://doi.org/10.21273/jashs.123.1.146

Durczynska, Z., & Zukowska, G. (2024). Properties and Applications of Essential Oils: A Review.
Journal of Ecological Engineering, 25, 333-340. https://doi.org/10.12911/22998993/177404

Edrisi, B., Sadrpoor, A., & Saffari, V. R. (2012). Effects of chemicals on vase life of cut carnation
(Dianthus caryophyllus L.‘Delphi’) and microorganisms population in solution. Journal of
Ornmental Plants, 2(1), 1-11.

Eidyan, B., Hadavi, E., & Moalemi, N. (2014). Pre-harvest foliar application of iron sulfate and citric
acid combined with urea fertigation affects growth and vase life of tuberose (Polianthes tuberosa
L.) ‘Por-Par’. Horticulture, Environment, and Biotechnology, 55(1), 9-13.
https://doi.org/10.1007/s13580-014-0061-2

El-sayed, 1., & Elziat, R. (2021). Utilization of environmentally friendly essential oils on enhancing
the postharvest characteristics of Chrysanthemum morifolium Ramat cut flowers. Heliyon, 7,
¢05909. https://doi.org/10.1016/j.heliyon.2021.e05909

Eldeeb, M. B., & Adam, A. 1. (2021). Effect of essential oils and germicides on the vase life of
carnation (Dianthus caryophyllus L.) cut flowers. Scientific Journal of Flowers and Ornamental
Plants, 8(2), 223-234. https://doi.org/10.21608/sjfop.2021.176802

Elibox, W., & Umaharan, P. (2008). Morphophysiological characteristics associated with vase life of
cut flowers of anthurium. HortScience, 43(3), 825-831. https://doi.org/10.21273/hortsci.43.3.825

Falleh, H. (2025). Demystifying the power of essential oils: a review of their antibacterial properties
and potential as natural food preservatives. EXCLI Journal, 24, 828-850.
https://doi.org/10.17179/excli2025-8439

571


https://doi.org/10.26545/ajpr.2018.b00017x

0

Bayat and Davoodi/J. HORTIC. POSTHARVEST RES., 9(4), DECEMBER 2026 g Ei"?i D 233\
[

Gallie, D. (2013). L-Ascorbic Acid: A Multifunctional Molecule Supporting Plant Growth and
Development. Scientifica, 2013, 795964. https://doi.org/10.1155/2013/795964

Ghadimian, S., & Danaei, E. (2020). Influences of ascorbic acid and salicylic acid on vase life of cut
flowers rose (Rosa hybrida cv. black magic). ALKHAS,; The Journal of Environment, Agriculture
and Biological Sciences, 2, 1-6. https://doi.org/10.29252/alkhass.2.1.1

Global Industry Analysts. (2025, June). Global cut flowers market (GJOB20093163).
MarketResearch.com. https://www.marketresearch.com/Global-Industry-Analysts-v1039/Cut-
Flowers-41275041/

Gomez-Merino, F., Ramirez-Martinez, M., Castillo-Gonzalez, A., & Trejo-Téllez, L. 1. (2020).
Lanthanum prolongs vase life of cut tulip flowers by increasing water consumption and
concentrations of sugars, proteins and chlorophylls. Scientific Reports, 10(1), 4209.
https://doi.org/10.1038/s41598-020-61200-1

Gun, S. (2020). Extending of vase life of Narcissus tazetta by AVG and antimicrobial agents. Journal
of Postharvest Technology, 8(4), 27-34.

Gupta, J., & Dubey, R. (2018). Factors affecting post-harvest life of flower crops. International
Journal of Current Microbiology and Applied Sciences, 7, 548-557.
https://doi.org/10.20546/ijcmas.2018.701.065

Gururani, M., Atteya, A., Elhakem, A., El-Sheshtawy, A.-N., & El-Serafy, R. (2023). Essential oils
prolonged the cut carnation longevity by limiting the xylem blockage and enhancing the
physiological and biochemical levels. PLOS ONE, 18(3), ¢0281717.
https://doi.org/10.1371/journal.pone.0281717

Ha, S. T. T., Kim, Y.-T., Jeon, Y., Choi, H. W., & In, B.-C. (2021). Regulation of Botrytis cinerea
infection and gene expression in cut roses by using nano silver and salicylic acid. Plants, 10, 1241.
https://doi.org/10.3390/plants 10061241

Hardenburg, R. E., Watada, A. E., & Wang, C. Y. (1986). The commercial storage of fruits,
vegetables, and florist and nursery stocks (Issue 66). US Department of Agriculture, Agricultural
Research Service.

Hassan, F. A. S., & Fetouh, M. 1. (2019). Does moringa leaf extract have preservative effect
improving the longevity and postharvest quality of gladiolus cut spikes? Scientia Horticulturae,
250, 287-293. https://doi.org/10.1016/j.scienta.2019.02.059

Imsabai, W., Leethiti, P., Netlak, P., & Doorn, W. (2013). Petal blackening and lack of bud opening in
cut lotus flowers (Nelumbo nucifera): Role of adverse water relations. Postharvest Biology and
Technology, 79, 32-38. https://doi.org/10.1016/j.postharvbio.2012.12.017

Isapareh, A., Hatamzadeh, A., & Ghasemnezhad, M. (2014). The effect of natural essential oil
carvacrol and some growth regulators on vase life of cut flowers of Alstroemeria cv. Bridal.
Journal of Ornamental Plants, 4(2), 115-122.

Jaber, D. N.., & Mashkoor, S. A. (2025). Effect of gibberellin and methyl jasmonate on the vase age
and qualitative characteristics of rose leaves and flowers Rosa hybrida cv. Red Intuition —
DELstriro. Journal of Kerbala for Agricultural Sciences, 12(1), 18-28.
https://doi.org/10.59658/jkas.v12i1.3236

Kabari, S. F. M., & Soleimandarabi, M. J. (2019). Improving Alstroemeria vase life by plant extracts
and 8-hydroxyquinoline sulfate. Journal of Ornamental Plants, 9(1), 1-11

Kerk, N. M., & Feldman, L. J. (1995). A biochemical model for the initiation and maintenance of the
quiescent center: implications for organization of root meristems. Development, 121(9), 2825—
2833. https://doi.org/10.1242/dev.121.9.2825

Khan, S., Alvi, A. F., Saify, S., Igbal, N., & Khan, N. A. (2024). The ethylene biosynthetic enzymes,
1-aminocyclopropane-1-carboxylate (ACC) synthase (ACS) and ACC oxidase (ACO): The less
explored players in abiotic stress tolerance. Biomolecules, 14(1), 90.
https://doi.org/10.3390/biom 14010090

Khudair, G. A., Alwan, N. M., & Sadiq, S. M. (2025). Response of roses and gladiolus flower to some
storage treatments after harvesting. Euphrates Journal of Agricultural Science, 17(1), 107-118.

Khunmuang, S., Kanlayanarat, S., Wongs-Aree, C., Meir, S., Philosoph-Hadas, S., & Buanong, M.
(2018). Variability in the response to ethylene of cut flowers of three Vanda orchid cultivars. /11
International Orchid Symposium 1262, 241-249. https://doi.org/10.17660/actahortic.2019.1262.32

572


https://doi.org/10.3390/biom14010090

0

Bayat and Davoodi/J. HORTIC. POSTHARVEST RES., 9(4), DECEMBER 2026 g Ei"?i D 233\
[

Krause, M. R., Santos, M. N. de S., Moreira, K. F., Tolentino, M. M., & Mapeli, A. M. (2021).
Extension of the vase life of Lilium pumilum cut flowers by pulsing solution containing sucrose,
citric acid and silver thiosulfate. Ornamental Horticulture, 27(03), 344-350.
https://doi.org/10.1590/2447-536x.v2713.2330

Lambert, R. J. W., Skandamis, P. N., Coote, P. J., & Nychas, G. (2001). A study of the minimum
inhibitory concentration and mode of action of oregano essential oil, thymol and carvacrol.
Journal of Applied Microbiology, 91(3), 453-462.
https://doi.org/10.1046/j.1365-2672.2001.01428.x

Lutchman, V., Medkour, Y., Samson, E., Arlia-Ciommo, A., Dakik, P., Cortes, B., Feldman, R.,
Mohtashami, S., McAuley, M., & Chancharoen, M. (2016). Discovery of plant extracts that
greatly delay yeast chronological aging and have different effects on longevity-defining cellular
processes. Oncotarget, 7(13), 16542. https://doi.org/10.18632/oncotarget.7665

Macknight, R. C., Laing, W. A., Bulley, S. M., Broad, R. C., Johnson, A. A. T., & Hellens, R. P.
(2017). Increasing ascorbate levels in crops to enhance human nutrition and plant abiotic stress
tolerance. Current Opinion in Biotechnology, 44, 153-160.
https://doi.org/10.1016/j.copbio.2017.01.011

Macnish, A. J., Jiang, C.-Z., & Reid, M. S. (2010). Treatment with thidiazuron improves opening and
vase life of iris flowers. Postharvest Biology and Technology, 56(1), 77-84.
https://doi.org/10.1016/j.postharvbio.2009.11.011

Macnish, A. J., Leonard, R. T., & Nell, T. A. (2008). Treatment with chlorine dioxide extends the vase
life of selected cut flowers. Postharvest Biology and Technology, 50(2-3), 197-207.
https://doi.org/10.1016/j.postharvbio.2008.04.008

Mahmoudian, S. S., Etemadi, N., Ehtemam, M. H., & Amirikhah, R. (2025). Physiological and
anatomical consequences of nanosilver plus ascorbic acid treatments in the vase life of cut foxtail
lily inflorescences. Scientia Horticulturae, 348, 114203.
https://doi.org/10.1016/j.scienta.2025.114203

Majumder, J., & Sharangi, A. B. (2024). Advances in Postharvest Technology of Flowers, Medicinal,
and Aromatic Herbs. In Recent Advances in Postharvest Technologies, Volume 2: Postharvest
Applications (pp. 247-276). Cham: Springer Nature Switzerland.

Manfredini, G. M., de Oliveira Paiva, P. D., Almeida, E. F. A., do Nascimento, A. M. P., Sales, T. S.,
& Santos, L. O. (2017). Postharvest quality of essential oil treated roses. Ornamental Horticulture,
26(2), 192—-199. https://doi.org/10.14295/0H.V2312.993

Manzoor, A., Bashir, M. A., Naveed, M. S., Akhtar, M. T., & Saeed, S. (2024). Postharvest chemical
treatment of physiologically induced stem end blockage improves vase life and water relation of
cut flowers. Horticulturae, 10(3), 271. https://doi.org/10.3390/horticulturac10030271

Mehdikhah, M., Onsinejad, R., llkaee, M. N., & Kaviani, B. (2016). Effect of salicylic acid, citric acid
and ascorbic acid on post-harvest quality and vase life of gerbera (Gerbera jamesonii) cut flowers.
Journal of Ornamental Plants, 6(3), 181-191. https://doi.org/10.14295/0h.v23i2.993

Mihajilov-Krstev, T., Radnovi¢, D., Kiti¢, D., Stojanovi¢-Radi¢, Z., & Zlatkovi¢, B. (2010).
Antimicrobial activity of Satureja hortensis L. essential oil against pathogenic microbial strains.
Archives of Biological Sciences, 62(1), 159—-166. https://doi.org/10.2298/ABS1001159M

Minde, H. (2019). The effects of different vase solutions on the postharvest life of rose flower-review.
Journal of Natural Sciences Research, 9(5), 10-16. https://doi.org/10.7176/jnsr/9-5-02

Mohammadi, M., Aelaei, M., & Saidi, M. (2020). Antibacterial properties of Scrophularia striata
Boiss.(Tashenehdari) extract on vase life improvement in" Stanza" and" Pink Elegance" gerbera
cut flowers. Biocatalysis and Agricultural Biotechnology, 28, 101738.
https://doi.org/10.1016/j.bcab.2020.101738

Monya, M., Ariina, M. M., Pertin, M., Anna, Y., & Lohe, V. (2021). Enhancing vase life of
Alstroemeria through various treatments. Just Agriculture, 2(2), 2582-8223.

Moussa, M., Mazrou, R., & Hassan, F. (2024). How Sage and Rosemary Essential Oils Regulate
Postharvest Senescence and Extend the Vase Life of Cut Gladiolus Spikes. Horticulturae, 10(6),
638. https://doi.org/10.3390/horticulturac10060638

573



0

Bayat and Davoodi/J. HORTIC. POSTHARVEST RES., 9(4), DECEMBER 2026 g Ei"?i D 233\
[

Muraleedharan, A., Sha, K., Kumar, S., Sujin, G. S., Kumar, C. P. S., & Karthikeyan, P. K. (2020).
Extending the vase life and quality of anthurium cut flowers by using chemical preservatives.
Plant Arch, 20(2), 4885-4888.

Murali, T. P., & Reddy, T. V. (1991). Postharvest physiology of gladiolus flowers as influenced by
cobalt and sucrose. Horticulture—New Technologies and Applications: Proceedings of the
International Seminar on New Frontiers in Horticulture, Organized by Indo-American Hybrid
Seeds, Bangalore, India, November 25-28, 1990, 393-396. https://doi.org/10.1007/978-94-011-
3176-6_63

Mutui, T. M., Emongor, V. E., & Hutchinson, M. J. (2006). The effects of gibberellin 4+ 7 on the vase
life and flower quality of Alstroemeria cut flowers. Plant Growth Regulation, 48, 207-214.
https://doi.org/10.1007/s10725-006-0014-6

Nasir, M., Khan, A. S., Basra, S. M. A., & Malik, A. U. (2016). Foliar application of moringa leaf
extract, potassium and zinc influence yield and fruit quality of ‘Kinnow’mandarin. Scientia
Horticulturae, 210, 227-235. https://doi.org/10.1016/j.scienta.2016.07.032

Nesreen, M. D., Hosni, A. M., & Ouda, M. S. (2022). The vase life and quality of cut Gerbera
Jjamesonii cv.’Rosalin’flowers are affected by natural essential oils (in normal and nano forms) and
nano-silver particles. Journal of Applied Horticulture, 24(2), 145-152.
https://doi.org/10.37855/jah.2022.v24i02.28

Nguyen, T. K., & Lim, J. H. (2021). Do eco-friendly floral preservative solutions prolong vase life
better than chemical solutions? Horticulturae, 7(10), 415.
https://doi.org/10.3390/horticulturaec7100415

Nirmala, A., Rao, A. M., Prasanth, P., Vijayalaxmi, M., Reddy, S. N., & Srinivasachary, D. (2023).
Effect of essential oils on extension of vase life of cut Chrysanthemum cv. Arcticqueen. Biological
Forum — An International Journal, 15(5a),169—174.

Noctor, G., Veljovic-Jovanovic, S., & Foyer, C. H. (2000). Peroxide processing in photosynthesis:
antioxidant coupling and redox signalling. Philosophical Transactions of the Royal Society of
London. Series B: Biological Sciences, 355(1402), 1465—-1475.
https://doi.org/10.1098/rstb.2000.0707

Okigbo, R. N. (2005). Biological control of postharvest fungal rot of yam (Dioscorea spp.) with
Bacillus subtilis. Mycopathologia, 159, 307-314. https://doi.org/10.1007/s11046-004-2454-8

Onozaki, T., & Azuma, M. (2019). Breeding for long vase life in dahlia (Dahlia variabilis) cut
flowers. The Horticulture Journal, 88(4), 521-534. https://doi.org/10.2503/hortj.utd-091

Ozcan, M., & Erkmen, O. (2001). 21) Antimicrobial activity of the essential oils of Turkish plant
spices. European Food Research and Technology, 212, 658—660.
https://doi.org/10.1007/s002170100310

Phiri, C., & Mbewe, D. N. (2010). Influence of Moringa oleifera leaf extracts on germination and
seedling survival of three common legumes. International Journal of Agriculture & Biology,
12(2), 315-317. https://doi.org/10.5251/abjna.2010.1.5.774.777

Pignocchi, C., & Foyer, C. H. (2003). Apoplastic ascorbate metabolism and its role in the regulation of
cell signalling. Current Opinion in Plant Biology, 6(4), 379-389. https://doi.org/10.1016/s1369-
5266(03)00069-4

Piri, M., & Jabbarzadeh, Z. (2025). Postharvest application of salicylic acid, sodium nitroprusside, and
spermidine modulates senescence in cut Eustoma grandiflorum (Lisianthus). Russian Journal of
Plant Physiology, 72(6), 207. https://doi.org/10.1134/S1021443725604215

Raghuvanshi, T., Singh, P., Kohar, N., & Prakash, B. (2023). Essential oils: from traditional to
modern-day applications with special reference to medicinal and aromatic plants in India. Plant
essential oils (pp. 1-26), springer. https://doi.org/10.1007/978-981-99-4370-8 1

Ravanbakhsh, A., Mobasser, H. R., & Hasandokht, M. R. (2017). Effect of ascorbic acid and acetyl
salicylic acid on the quality and vase life of cut flowers gladiolus (Gladiolus persicus).
International Journal of Agriculture and Biosciences, 6(1), 31-33.

Saeed, T., Hassan, 1., Abbasi, N. A., & Jilani, G. (2014). Effect of gibberellic acid on the vase life and
oxidative activities in senescing cut gladiolus flowers. Plant Growth Regulation, 72, 89-95.
https://doi.org/10.1007/s10725-013-9839-y

574



0

Bayat and Davoodi/J. HORTIC. POSTHARVEST RES., 9(4), DECEMBER 2026 g Ei"?i D 233\
[

Saemi, N., Nazarideljou, M. J., & Khezri Nezhad, N. (2018). Effect of essential oil of Ajowan on
antioxidant capacity, flower longevity and resistance to gray mold of rose cut flower. Journal of
Crops Improvement, 19(4), 1047-1060. https://doi.org/10.22059/1¢i.2018.223617.1618

Sardinha, D. H. S., Rodrigues, A. A. C., Ribeiro, S. S. M., Diniz, N. B., Neto, J. R. M. C., & de
Oliveira Reis, F. (2019). Phytostimulants influence the vase life of Heliconia psittacorum CV.
Golden Torch. Postharvest Biology and Technology, 155, 140—-148.
https://doi.org/10.1016/j.postharvbio.2019.05.001

Sardoei, A. S. (2014). Effect of gibberellic acid and calcium chloride on keeping quality and vase life
of Narcissus (Narcissus tazetta) cut flowers. International Journal of Plant, Animal and
Environmental Sciences, 4(2), 473-478.

Sedaghathoor, S., Narouei, Z., Sajjadi, S. A., & Piri, S. (2020). The effect of chemical treatments
(silver thiosulfate and putrescine) on vase life and quality of cut Chrysanthemum morifolium
(Ram.) flowers. Cogent Biology, 6(1), 1754320. https://doi.org/10.1080/23312025.2020.1754320

Seman, H. H. A., & Rafdi, H. H. M. (2019). Effects of salicylic acid and sucrose solution on vase life
of cut Antigonon leptopus inflorescences and their potential as cut flowers for flower arrangement.
Universiti Malaysia Terengganu Journal of Undergraduate Research, 1(1), 80-91.
https://doi.org/10.46754/umtjur.v1il.54

Sharma, A. K., Yadav, M. K., Kumar, M., Sengar, R. S., Gangwar, L. K., & Kumar, R. (2024).
Improvement in Vase Life of Gladiolus Cut Flowers Using Different Holding Solutions of Sodium
Nitroprusside and of Salicylic Acid. Journal of Advances in Biology & Biotechnology, 27(1), 211—
224. https://doi.org/10.9734/jabb/2024/v2711693

Sharma, A., Khanal, B., Ojha, S. R., Khanal, S. P., Shahi, R., & Basnet, M. (2023). Effect of Different
Floral Preservatives on Vase Life of Marigold (7Tagetes erecta L.). Journal of the Institute of
Agriculture and Animal Science, 72—81. https://doi.org/10.3126/jiaas.v3711.56980

Sheikh, F., Neamati, S. H., Vahdati, N., & Dolatkhahi, A. (2014). Study on effects of ascorbic acid
and citric acid on vase life of cut lisianthus (Eustoma grandiflorum) ‘Mariachi Blue.” Journal of
Ornamental Plants, 4(4)57—-64.

Smirnoff, N., & Wheeler, G. L. (2000). Ascorbic acid in plants: biosynthesis and function. Critical
Reviews in Plant Sciences, 19(4), 267-290. https://doi.org/10.1080/07352680091139231

Solgi, M. (2018). The application of new environmentally friendly compounds on postharvest
characteristics of cut carnation (Dianthus caryophyllus L.). Brazilian Journal of Botany, 41, 515—
522. https://doi.org/10.1007/s40415-018-0464-x

Stephens, 1., Holcroft, D., & Jacobs, G. (2002). Postharvest treatments to extend vase life of selected
proteaceae cut flowers. VI International Protea Research Symposium 602, 155-159.
https://doi.org/10.17660/actahortic.2003.602.22

Supapvanich, S., & Promyou, S. (2013). Efficiency of salicylic acid application on postharvest
perishable crops. Salicylic Acid: Plant Growth and Development, 339-355.
https://doi.org/10.1007/978-94-007-6428-6 15

Taiz, L., Zeiger, E., Moller, I. M., & Murphy, A. (2015). Plant Physiology and Development.
published by Sinauer Associates. https://doi.org/10.1093/hesc/9780197614204.001.0001

Tajkarimi, M. M., Ibrahim, S. A., & Cliver, D. O. (2010). Antimicrobial herb and spice compounds in
food. Food Control, 21(9), 1199-1218. https://doi.org/10.1016/j.foodcont.2010.02.003

Tehranifar, A., Vahdati Mashhadian, N., Selahvarzi, Y., & Bayat, H. (2013). Treatment with Salicylic
Acid extends the Vase Life of Important Commercial Cut Flowers. Advanced Crop Science, 3(6),
405-413.

Tipu, M. M., & Sherif, S. M. (2024). Ethylene and its crosstalk with hormonal pathways in fruit
ripening: mechanisms, modulation, and commercial exploitation. Frontiers in Plant Science, 15,
1475496. https://doi.org/10.3389/1pls.2024.1475496

Vahdati Mashhadian, N., Tehranifar, A., Bayat, H., & Selahvarzi, Y. (2012). Salicylic and citric acid
treatments improve the vase life of cut chrysanthemum flowers. Journal of Agricultural Science
and Technology, 14(4), 879-887.

van Doorn, W. G. (2014). Water relations of cut flowers: An update. Horticultural Reviews, 42, 55—
106. https://doi.org/10.1002/9781118351871.ch2

575


https://doi.org/10.22059/jci.2018.223617.1618
https://doi.org/10.3389/fpls.2024.1475496

0

Bayat and Davoodi/J. HORTIC. POSTHARVEST RES., 9(4), DECEMBER 2026 g Ei"?i D 233\
[

Vehniwal, S. S., Ofoe, R., Asiedu, S. K., Hoyle, J., & Abbey, Lord. (2020). Extension of cut carnation
vase life using compost tea, putrescine and plant extracts. Sustainable Agriculture Research,
10(1), 32—45. https://doi.org/10.5539/sar.v10n1p32

War, A. R., Paulraj, M. G., War, M. Y., & Ignacimuthu, S. (2011). Role of salicylic acid in induction
of plant defense system in chickpea (Cicer arietinum L.). Plant Signaling & Behavior, 6(11),
1787-1792. https://doi.org/10.4161/psb.6.11.17685

Yasmeen, A., Basra, S. M. A., Farooq, M., Rehman, H. U., Hussain, N., & Athar, H. U. R. (2013).
Exogenous application of moringa leaf extract modulates the antioxidant enzyme system to
improve wheat performance under saline conditions. Plant Growth Regulation, 69, 225-233.
https://doi.org/10.1007/s10725-012-9764-5

Yeptho, K. H., Keditsu, R., Rahman, A., & Hemanta, L. (2025). Supply chain of cut flowers with
special reference to north-eastern region (NER): A case study. International Journal of Advanced
Biochemistry Research, 9(2), 269-282 https://doi.org/10.33545/26174693.2025.v9.i12d.3771

Yoon, G. M., & Kieber, J. J. (2013). 1-Aminocyclopropane-1-carboxylic acid as a signalling molecule
in plants. 4oB Plants, 5, plt017. https://doi.org/10.1093/aobpla/plt017

Zhang, J., Tian, Z.-G., Wang, J.-H., & Wang, A.-R. (2011). Advances in antimicrobial molecular
mechanism of organic acids. Acta Veterinaria et Zootechnica Sinica- Chinese Journal of Animal
and Veterinary Sciences, 42(3), 323-328.

Zulfiqar, F., Moosa, A., Ferrante, A., Darras, A., Sheteiwy, M., Ali, B., Altaf, M., Soufan, W., & El
Sabagh, A. (2024). Borage leaf extract improves the vase life of cut gladiolus flowers by delaying
the senescence process and reducing water stress. Postharvest Biology and Technology, 210.
https://doi.org/10.1016/j.postharvbio.2024.112766

576



