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ABSTRACT

Maintaining the vase life and quality of cut flowers is one of the main obstacle in
floriculture industry. Cut flowers, especially climacteric ones have very short life
span attributed due to outburst of respiration and ethylene synthesis during
senescence. This increase is related to autocatalytic reaction in which exogenous
ethylene initiate biosynthesis of endogenous ethylene, activating enzymes and
genes involved in ethylene synthesis. Ethylene causes petal wilting and abscission,
leaf yellowing and abrupt or premature death of flowers. Flower senescence in
ethylene synthesis flowers can’t be eliminated but can be delayed using by
application of ethylene inhibitors. Ethylene inhibitors (biosynthesis and action) can
minimize the premature flower senescence in response to endogenous ethylene
production. Application of these inhibitors as pulsing or holding solution reduced
ethylene biosynthesis by inhibiting enzymes activities or used antagonistic
molecules to bind with ethylene receptors thus inhibiting downstream signaling.
This review sheds light on ethylene inhibitors types, mode of action, impact on
vase life and quality of cut flowers and their limitations. This comprehensive write-
up will not only help the florists, but it will provide combined and detailed
information to researchers in designing their research studies.

Keywords: Action Inhibitor, ACC Enzyme, Ethylene Biosynthesis, Endogenous
Ethylene, Receptors, Oxidative Stress.

INTRODUCTION

Flowers are an integral part of plant survival as their attractive color and captivating
fragrance plays an important role in reproduction and seed production. Despite
their ecological importance, they have a reduced or limited life span (Rani and
Singh, 2014). Flower longtiviety is considered as an important traits to evaluate cut
flower quality and flowers having prolonged vase life perceived to be of higher
quality (Wang et al., 2023). However, as soon as cut flower detached from mother
plant, factors related to senescence activates (Gun, 2020). Cut flower senescence
is a metabolic event occur due to separate or various interconnected physiological
process take place in morphological organs of flower. These process includes
ethylene production, respiration, degradation of carbohydrates and soluble sugar,
loss of membrane permeability, transpiration, hormonal imbalance, activation of
enzymes related to petal wilting and abscission, fatty acid breakdown and protein
and nucleic acid degradation (Wu et al., 2017; Kumar et al., 2022).
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According to research studies, flower senescence consists of controlled disassembly of corolla cells by a phenomena
of apoptosis, vacuolar and necrotic PCD (Rani and Singh, 2014). As flower senescence triggered by internal and
external factors. Internal factors such as ethylene synthesis is considered as an important phytohormone in regulating
flower senescence (Wu et al., 2017). During aging of cut flowers, ethylene production reach or exceed to specific
level, a large amount of ethylene is biosynthesized in floral organs to accelerate respiratory rate in order to release
excess respiratory heat, results in quick senescence of a flower (Wang et al., 2020a). Exogenous ethylene in close
spaces also affect plants/cut flower and rendered them unsaleable (Olsen et al., 2015).

Methodology

We could not find any detailed and comprehensive study on ethylene inhibitors effect on cut flower vase life. Hence a
review was formulated to answer the following questions “How inhibitors reduced flower senescence?”, “Role in
maintenance of vase life through morphological, physiological and biochemical approach” etc. This is the first detailed
review on ethylene inhibitors types and their role in extension of cut flower life, therefore, research material was
collected from different search engines (Google scholar, NCBI, ScienceDirect, Academia.edu and ResearchGate
etc). Keywords used to search research studies were ethylene action inhibitor, biosynthesis, cut flowers, gene
expression and flower senescence. Overall, 85-90 research publications were studied and their results were
incorporated in this review.

Ethylene

Final stage of cut flower starts from petal wilting, flower withering, petal discoloration, petal desiccation and petal
abscission, mainly due to ethylene involvement. Ethylene is an important hormone in regulating flower senescence
and exert effects as low as 0.1 pL L™ concentration in ethylene sensitive flowers. It initiate petal wilting by inhibiting
cell expansion through aquaporins regulation (proteins involved in water transport), leading to negative water balance
affecting vase life and increase flower abscission by initiating abscission zone formation (Costa et al., 2020). Ethylene
plays as a key signal in plant cell and tissue senescence by activating gene expression and activities of cell
degrading enzymes (proteinases, polygalacturonases, lipases, chlorophyllases, pectinase and lipoxygenase).
Moreover, increase in respiration rate not only deplete carbohydrate reserves but also leads to oxidative burst (Figure
1) (Darvish et al., 2021).

- o h

I i y=i Eieal Cenetics
Color Fading Imhibit Cell Expan=zion FEthylene
Patal Wilting, Megative Water Biczsyntheziz GGene

Shattering., In-rolling Balance Aguaporin
Meck Bending Oxid ative Burst Fegulation
Bud Drop Tonoplast Ruopture Cell Degrading
Enryme
Rapid Flower Aging Lipid Peroxidation

DINA Laddering
Imcreaze Cell

I Changez in mE™NA
A b Fluid
Abzcizzion smarane i Accoumulation

Protein Hydrolysi=z

N g~ _/

Figure 1. Ethylene induced flower senescence occur at different rate in different flower organs. It has ten cut flower
aging by initiating mechanism collectively at morphological, physiological/biochemical and gene level hence altering
cellular biochemistry and premature cell death.
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Cut flowers are categorized as climacteric and non-climactric basis on ethylene regulation to flower senescence
(Wongjunta et al., 2021). In ethylene independent flower senescence (non-climacteric), ethylene has minimal role in
triggering senescence, while in climacteric flowers, ethylene burst along with respiration hastens petal senescence
causing them to wither while still attached to flower (Dar et al., 2021; Wu et al., 2017). In ethylene independent
senescence, little to minute amount of ethylene is produced by flower during senescence (Shibuya, 2018) and main
reason of their senescence and petal abscission is water stress (Wang et al., 2020b). Approximately 93 flower
species belonging to different families (Labiate, Roseaceae, and Ranunculus) are considered as ethylene sensitive
(Kasim and Kasim, 2015). Rose, lasianthus and carnation are top demanded flowers in world however they are highly
ethylene sensitive and can last only 5-10 days depending on environmental conditions (Ha and In, 2023). Other than
these flowers, Sweet pea, Japanese morning glory, Petunia, Eustoma, Canterbury bells, Snapdragon, Tuberose,
Narcissus are also ethylene sensitive crops and endogenous ethylene production rises during senescence time
(Azuma et al., 2020; Kato et al., 2022; Kumar et al., 2022; Bayat and Moradinezhad, 2020). In highly sensitive flowers
such as orchid and carnation, even lowest concentration can exceed senescence (Naing et al., 2022). As carnation is
highly sensitive to postharvest ethylene damage, it is considered as an excellent model for study of ethylene
regulation. Ethylene induced flower abscission and senescence is lined with increased expression of ethylene
biosynthesis genes. In a study conducted by Wang et al. (2023), postharvest exogenous ethylene exposure increase
transcript level of DcCACS1 and DcACO1 up to 1049 and 1936 times in highly sensitive ethylene cultivars. Moreover,
petal senescence in carnation in addition with these genes also associated with petal senescence related genes CP1
(Naing et al., 2021).

Ethylene role in flower senescence

Generally in ethylene dependent species, a rise in endogenous ethylene production initiate petal senescence, while
an exposure to exogenous ethylene further accelerate senescence. Ethylene biosynthesis gene expression is
negatively correlated with flower vase life (Wang et al., 2020b). Endogenous ethylene production also accompany
with increase in reactive oxygen species and free radicals leading to oxidative stress (Kwon et al., 2024). Ethylene
also an important role in biochemical pathway related to cellular breakdown i.e, lipid peroxidation: involved in petal
loss, thus affecting commercial aesthetic of cut flowers (Hajizadeh et al., 2024). Overall, ethylene in a form of gas,
easily penetrates in flower tissues and affects quality. Moreover they quickly bind with ethylene receptor sites and
alter cellular biochemistry (Naghiloo et al., 2019).

In natural conditions, ethylene is constantly producing at low concentration (0.1 pL/kg h) to complete various
metabolic process in plants. However conditions such as mechanical damage to tissues, pollination, disease,
unfavorable temperature or placement of cut flowers in confined or modified environment like green houses or
storage areas having high concentration of exogenous ethylene generated by plants, microbial activity, industrial
process and combustion significantly accelerates senescence in cut flowers (Mahmoudian et al., 2023).Under such
stress environment ethylene biosynthesis increase in specific plant tissues that initiate ethylene signaling pathway
that amplify as autocatalytic reaction progress (Olsen et al., 2015; Pérez-Arias et al., 2019). During senescence,
ethylene production not only increases insignificantly but flower sensitivity to ethylene also increases as they age
(Figure 2) (Williamson and Joyce, 2013).

Ethylene sensitivity and its reduction is an important factor in long term storage of cut flowers (Almasi et al., 2019).
Genetic, environmental and chemical applied techniques were employed to limit ethylene synthesis, control ethylene
action and to delay flower senescence (Zeng et al., 2023). Application of synthetic ethylene inhibitor is the most
common technique employed to delay metabolic rate of climacteric flowers (Lezoul et al., 2022). Various inhibitors
were produced and utilized commercially to mitigate the deleterious effect of ethylene and to improve vase life of cut
flowers (Wongjunta et al., 2021). Ethylene biosynthesis inhibitors can minimize the premature flower senescence in
response to endogenous ethylene production (Finger et al., 2016). They reduced ethylene biosynthesis by blocking
components involved in pathway of synthesis. These inhibitors used antagonistic molecules to bind with ethylene
receptors thus inhibiting downstream signaling (Costa et al., 2020).

Ethylene inhibitors

Ethylene inhibitors or antagonists are classified into two groups. 1) One that interfere with ethylene synthesis process
(chelators, AOA, AVG). 2) Action inhibitors, that works by preventing ethylene signaling (Schaller and Binder, 2017)
(Table 1). A single application/exposure of plant tissues to this inhibitors are enough to inhibit ethylene action as they
bind for a long time period, saturating receptors in a way that even high concentration of exogenous ethylene can't
impart any senescence process. (Ebrahimzadeh et al., 2008). Inhibitor of ethylene biosynthesis and action must be
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applied to climacteric species immediately after harvest or before shipping and storage (Finger et al.,

2016). This is

usually the most common defence practice carried out by growers immediately after harvest to preserve flower quality

(Ebrahimzadeh et al.,
exogenous ethylene (Vijayalaxmi et al., 2022).

2008). Addition of ethylene inhibitor chemicals in holding solution protects cut flower against
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Figure 2. In ethylene sensitive cut flowers, ethylene biosynthesis initiated after pollination. Landing of compatible
pollen (contain endogenous ACC content) on stigma surface release signals, increasing ethylene biosynthesis gene
expression in pistil particularly in ovary within 1-24 hr after pollination depending on species. Once endogenous
ethylene biosynthesis process in initiated it becomes autocatalytic and progress towards senescence (aging, wilting,
abscission) of floral parts that are no longer needed i.e, petals. Uncontrolled ethylene production causes flower
color fading, petal abscission, premature wilting and leaf yellowing.

Ethylene biosynthesis inhibitor

Ethylene biosynthesis inhibitors works by inhibiting ethylene synthesis enzyme activities. Although these compounds
are effective in prevention of ethylene biosynthesis but their practical application are now limited due to cost, toxicity,
application efficiency and most importantly their inability to protect cut flowers from exogenous ethylene present in
storage environment (Ebrahimzadeh et al., 2008).

Nitric oxide (NO)

Nitric oxide, a lipophilic free unstable gas radical, has high affinity for lipids means it can easily penetrate in watery interior
(cytoplasm) and membrane of the cells (Sadeghi and Jabbarzadeh, 2025). NO involved in series of plant processes
including development of flower and fruit, regulation of plant maturation, abiotic stresses, enhancing plant immunity and
reducing senescence by down regulating endogenous ethylene production (Mittal et al., 2021). Due to it eco-friendly
nature, NO is considered as an innovative alternate to hazardous silver related compounds (Farooq et al., 2024).

Sodium nitroprusside (SNP) is the most common NO releasing compound, utilized to prolonged vase life of various
cut flowers. SNP promote postharvest life of gaint larkspur (Consolida ajacis) by increasing antioxidant enzymes
activity with improvement in membrane stability. Moreover, SNP also increases sugar content in petal tissues which
is correlated with delay in ethylene biosynthesis (Haq et al., 2023). While SNP application in holding solution improve
relative water content, total soluble sugar and proteins while maintaining membrane stability index of gladiolus petal
(Mittal et al., 2021). SNP application prevent membrane damage in alstroemeria by reducing lipid peroxidation and
improve vase life up to 16 days (Sadeghi and Jabbarzadeh, 2025). Placing of Dendrobium inflorescence in holding
solution containing 10 pmol L™ promote bud opening and prolonged vase life for 4 days (Mohammadpour et al.,
2025). Pulsing of dahlia (Dahlia pinnata) stem with SNP solution prevents anthocyanin degradation with an increase
in membrane stability index (Chauhan et al., 2024) whereas pulsing of tuberose tuberose flower for 48h with SNP
solution (150 uM) reduced electrolyte leakage, chlorophyll degradation and melonaldehyde accumulation in
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polianthes flower petals (Mohammadi et al., 2024). SNP alleviates oxidative stress and enhanced total phenols, sugar
and soluble protein content in tissues of snapdragon (Antirrhinum majus) (Farooq et al., 2024).

Table 1: Ethylene inhibitors and their mode of action.

Inhibitors Formula Mode of Action Reference
8-hydroxyquinoline sulfate (8- (C9H,NO),-H,SO,  Prevent ACC (1- Elgimabi and Slial,
HQS) aminocyclopropane-1- (2013)
carboxylic acid) enzyme
activity
Nitric oxide (NO) NO Down regulating ethylene Liao et al. (2013)
emission by decreasing ACO
activity (1-aminocyclopro-
pane-1- carboxylate oxidase)
activity
2-Aminooxyisobutyric acid C4,H9NO, Inhibit ACC synthase and Kosougi et al. (2014)
(AOIB) oxidase activity
Sucrose C12H22044 Wang et al. (2014)
Ethanol C,HO Limit ACC synthase action Sakr et al. (2016)
a-Aminoisobutyric acid (AIB) C,H9NO, Inhibit ACO activity Ha et al. (2019)
Silver (Ag) Ag+ Decrease number of actively Hoppen et al. (2019)
binding site
Silver replacement with copper Sedaghathoor et al.,
at receptor site (2020).
1-Methylcyclopropene (1- C4Hs Bind to ethylene receptors Azuma et al. (2020)
MCP) irreversibly, block signal
transduction
2,5-Norbornadien (2,5-NBD)  C;Hg Binding to ethylene receptors Costa et al. (2020).
Aminoethoxyvinylglycine CeH12N,04 Delays synthesis of ACC Gun, (2020)
(AVG) Binds and inactivates structure Ha et al. (2020)
of ACS
Sodium nitroprusside (SNP) Na,[Fe(CN)sNO] Suppressing ACC synthase Hasssan et al. (2020)
activity
2,4-pyridinedicarboxylic acid C;HsNO, Inhibit ACC oxidase activity Satoh et al. (2020)
(2,4-PDCA)
Aminooxyacetic acid (AOA) C,HsNO; Prevent conversion of SAM to Costa et al. (2020)
ACC
Reduce amount of substrate Costa et al. (2021)
for ACC oxidase
Epibrasinolide (EBL) CygH4g06 Decrease ACC oxidase and Darvish et al. (2021)
ACC gene expression
Boric acid (BA) H;BO; Inhibiting ACC oxidase and Farooq et al. (2021)
synthase activity
Salicylic acid C,HeO3 Block ACC conversion to Nisar etal. (2021)
ethylene
Inactivate ACC oxidase Khandan-Mirkohi et al.
enzyme (2021)
Nano silver (NS) AgNPs Inhibiting mRNA level of Haetal (2021)
ethylene biosynthesis genes
Replacing copper ions with
silver ions at binding site Ha and In (2023)
Benzyl adenine (BA) C1sH11N5 Inhibit ACC accumulation in Etemadypoor et al.

petals

(2023)
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Effectiveness of NO application is based on plant species and concentration. High concentration increase oxidative
stress through a process called nitrostress, destroying cellular components (Sadeghi and Jabbarzadeh, 2025). NO at
high doses produces peroxynitrite (ONOO) radical, damaging macromolecules and accelerates aging process in cut
flowers (Moghaddam et al., 2021).

Sugar

Sugars are an important precursor of respiration in cut flowers (Hussen and Yassin, 2013). It also has a role in
maintenance of osmotic pressure in cells (Wang et al., 2014). Various sugar types like glucose, sucrose and fructose
can be used as an energy source but among them sucrose is the most common carbohydrate used in vase solution
(Sales et al., 2018).Addition of sugar in preservation solution reduced flower sensitivity to ethylene. It antagonized the
inhibitory effect of abscisic acid, maintain mitochondrial structure and improve its function (Chandran et al., 2006).
Sugar in vase solution significantly enhance shelf life by supplying respiratory substrates, carbohydrates, osmolytes
and structural constituents (Dar et al., 2021). According to conducted research, sugars interaction with ethylene
signaling and biosynthesis delays flower senescence in ethylene sensitive species due to regulated changes in
MRNA accumulation (Wang et al., 2014). Maintaining a sugar level in flower petals reduced climacteric increase in
ethylene (Zeng et al., 2023). It was reported that sucrose inhibit ethylene synthesis signaling more efficiently than
STS as expression of senescence related gene Dc-EIL3 was delayed by STS but completely prevented by sucrose
application (Tripathi and Tuteja, 2007).

Sucrose 5% along with AVG treatment delayed transcription level of DCASC1 and DcACO1 thus limiting climacteric
increase in endogenous ethylene production (Pun et al., 2016). Similar results were obtained by Kondo et al. (2020)
who studied that petal senescence in cut carnation is accelerated due to decrease in sugar content in petals (sugar
starvation) as fructose and glucose level continuous decrease in cut petals hasten senescence (petal in rolling). As
sucrose treatment not only suppress expression of DcCASC1 and DcACO1 gene involved in ethylene biosynthesis but
also delayed activity of ACS and ACO. Sucrose in holding solution prevent protein degradation in petals of clematis
(Clematis terniflora) by limiting cysteine protease activity (Rabiza-Swider et al., 2019). Reduction in lipid peroxidation
with enhanced ROS scavenging activities by sucrose, promotes vase life of cut lily stems (Zeng et al., 2023). Glucose
prolongs vase life of peony (Paeonia suffruticosa) by delaying activity of ACC synthase and suppression of ACC
oxidase in petals protecting flower from climacteric increase of ethylene (Wang et al., 2014). Placement of
Dendrobium stems in solution of sucrose 4%+ 0.5 mM AOA prevent flower petals thining, color fading and hyponasty
(Chandran et al., 2006).

Rhizobitoxin analogs

Rhizobiotoxin, a phytotoxin produced by bacteria has a role in reducing ethylene production by inhibiting ACC
synthase activity. Hence a closely related analogs of rhizobitoxin AOA and AVG inhibit ethylene synthesis
(Sugawara et al., 2006). AOA (Amino-oxyacetic acid) and AVG (2-aminoethoxyvinyl glycine) inhibit ethylene
synthesis in climacteric flowers by reducing pyridoxal enzyme activity- an important cofactor that converts S-
adenosyl-I-methionine to ACC (Naghiloo et al., 2019; Costa et al., 2021). Both compounds AVG and AOA are not as
effective as STS or 1-MCP due to their inability to completely protect flowers from ethylene, as it can still bind to
receptor sites even after application of AVG and AOA (Finger et al., 2016). Moreover, both AOA and AVG could
minimize endogenous ethylene production but they are ineffective for exogenous ethylene exposed by flower during
postharvest handling, transportation and storage process (Kasim and Kasim, 2015).

AOA treatment not only limit ACS gene activity in alstroemeria flower but also increase peroxidase and catalase
enzyme activity that reduced cell degradation and improve relative water content in cells (Naghiloo et al., 2019).
Floret senescence rate delayed in Mokara cut orchid when cut stem were pulsed with AOA for 24 hr (Wongjunta et
al., 2021). It binds with ethylene receptors as low as 0.2 pl L* to1 pl L * concentration (Costa et al., 2021). AOA
treatment extend vase life of chrysanthemum by improving membrane stability, stabilize chlorophyll content and
reduced TSS and reducing sugar content in petals (Kumari et al., 2016). Combined application of AVG+NS improve
vase life of rose and carnation by reducing expression of senescence associated genes (DcCP1 and RhSIG) and
MRNA expression of ACS, ACO1 genes (Ha and In, 2023). Sucrose 5% along with AVG treatment delayed
transcription level of DcCASC1 and DcACO1 thus limiting climacteric increase in endogenous ethylene production (Pun
et al., 2016). Leaf chlorophyll content, fresh weight and petal color of cut ranunculus flower improved by application of
AOA (Scariot et al., 2009). As AOA is nonspecific ethylene inhibitor that works by forming complex with cofactor
pyridoxal phosphate, hence it may interfere with other enzymatic reactions, affecting physiological process in plants
(Alonso-Salinas et al., 2024).
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In an experiment on improving quality of cut Eustoma (Eustoma russellianum) flowers , it was studied that when AVG
was combined with NAA there was 3-fold increase in vase life of inflorescence along with an increased in relative
fresh weight (Shimizu-Yumoto and Ichimura, 2010). AVG at concentration of 10ppm improves vase life, total water
uptake and fresh weight of narcissus (Gun, 2020). Application of both 1-MCP and AVG to rose cultivars completely
prevent petal abscission along with improvement in Chlorophyll fluorescence ratio in leaves leading to reduction in
water stress (Ha et al., 2020). Treatment of crucifix orchid (Epidendrum ibaguense) cut stems with AVG reduced
flower abscission up to 71% while increased flower longetivity to 76% as compared to control (Moura et al., 2010).
However, both chemicals are very expensive, therefore limiting their application in floriculture industry (Rani and
Singh, 2014). Moreover, pungent smell of AOA render it unacceptable for practical use (Zeng et al., 2012) while AVG
is difficult to prepare (Kasim and Kasim,2015).

ACC analogues

Treatment of structural analogues of enzymes substrates involved in hormone synthesis is an efficient technique to
regulate hormone activity (Li et al., 2023). AIB (Amino isobutyric acid) is a structural analogue of ACC and work as
ethylene antagonist by inhibiting ACC oxidase activity. AIB in combination with nano silver and 1-MCP delays early
wilting and reduced water uptake in cut roses by regulating expression of water transport genes (Ha and In, 2022). A
preservative solution CIAM consisting of 1-MCP, sodium hypochlorite and AIB inhibited petal senescence in cut rose
flower by suppressing RhACO1 and RhACS2 transcripts levels and extend vase life up to 4.3 days (Ha et al., 2019).
Furthermore, AIB application increase flower opening percentage, delayed petal wilting and prolonged vase life of
fringed pink (Dianthus superbus) (Satoh et al., 2008).

Another compound, 2-Aminooxyisobutyric acid (AOIB) is analogue of both AIB and AOA, It resembles AIB in
tetrahedral structure while its partial structure is similar to AOA in its whole structure. Thus it works by inhibiting both
ACC oxidase and synthase activity. AOIB partially similar to the structure of AOA, inhibit and prolonged vase life of
carnation up to 7 days (Kosougi et al., 2014).

Acsorbate analog: 2,4-Pyridinedicarboxylic acid (24PDCA)

2,4-PDCA reduced ethylene biosynthesis by inhibiting activity of ACC oxidase by competing with ascorbate: a co-
substrate in his enzymatic reaction (Satoh and Nomura et al., 2019). Ethylene inhibitor (PDCA) analogues (2,4-
PDCAO shorten the time of flower opening in cut carnation (Dianthus caryophyllus) by accelerating bud opening
percentage (Sugiyama and Satoh, 2015). Pulsing of cut carnation stem with 10 mM 2,4-PDCA solution prolonged
vase life upto 11 days as compared to control (5 days) (Satoh et al., 2016). It also reduces petal blackening in lotus
cut flower (Nelumbo nucifera) by limiting respiration rate and ethylene production (Salaemae et al., 2018).

Boric acid

When plant respires, the activity of ACC (aminocyclopropnae-1-carboxyalic acid) synthase and ACC oxidase
increase which converts SAM (S-adenosyl-methionine) into ACC and from ACC to ethylene. Boric acid limit ethylene
production by reducing the activity of ACC synthase and oxidase (Kshirsagar et al., 2021). Boric acid is an excellent
substitute to toxic ethylene anatagnostics as it is biogradable, inexpensive and non-toxic in nature (Farooq et al.,
2021). Boric acid delays chlorophyll degradation in cut roses (Rosa hybrida) and reduced the production of ABA in
petals due to anti-ethylene property (Hashemabadi et al., 2014). Senescence in jasmine cut flowers (Jasminum
nitidum) was delayed by boric acid through increasing total phenolic content in flower petals (Manimaran et al., 2018).
It increases petal protein content and brixo in carnation (Dianthus caryophyllus) (Ahmadnia et al., 2013) and attained
higher freshness index in tuberose (Polianthes tuberosa) cut flower (Khongwir et al.,, 2017). Pulsing solution
containing mixture of chemicals (Boric acid + 8-HQC+ Sucrose + AOA) significantly preserve carbohydrate content,
maintained water balance and enhanced water uptake in carnation (Sarhan et al., 2023). While its application prevent
foxglove (Digitalis purpurea) flower degradation by increasing antioxidant enzyme activities (LOX, CAT, APX, SOD)
with an increase in flower diameter and vase life (Farooq et al., 2021). Moreover, boric acid in combination with
AgNO; and sucrose decrease days to require 1st petal spreading of rose with maximum flower fresh weight at
senescence (Kshirsagar et al., 2021).

Cobalt

Cobalt in a form of cobalt chloride improve vase life of different ornamental plants by inhibiting ethylene synthesis,
microbial proliferation, vascular blockage and stomatal closure under stress condition (Azarhoosh et al., 2021). By
inhibiting ethylene biosynthesis enzymes (ACC oxidase) activity, cobalt chloride improving membrane stability in
lilium (Kazemi and Ameri, 2012) and improve total and reducing sugar in chrysanthemum petals (Amin, 2017).Cobalt
chloride in combination with sucrose increased flower diameter, number of blooms per scape and pigment content in
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petals of day lily (Hemerocallis fulva) (Arief and Tahir, 2015). Its application as preservative solution maintained high
water flow rate in cut stems of rose by inhibiting vascular blockage (Aslmoshtaghi et al., 2018). In tuberose
(Polianthes tuberosa), it enhanced the vase life by increasing vase water absorption and petal protein content
(Mohammadi et al., 2012) and minimize transpiration loss in carnation (Priyanka et al., 2024).

Alcohol

Ethanol is known as anti-ethylene compound which not only limit the ethylene enzyme activity but also reduce
vascular blockage and delays leaf chlorosis (Sasikala et al., 2015). Preservative solution consisting of ethanol,
sucrose and aluminium sulphate significantly maximize solution uptake, petal fresh weight, flower diameter, TSS
(Brix°) and vase life of different rose cultivars (Rosa hybrida) (Gebremedhin et al., 2013). Ethanol in combination with
malic acid prevent oxidative stress in carnation (Dianthus caryophyllus) by reducing production of MDA content. Due
to its ability to increase metabolism level, it decreased the dry weight and also caused reduction in fresh weight loss
(Begri et al., 2014). As ethanol also work against stress caused by water deficiency, it improved foliage color of
amaranthus (Amaranthus tricolor) cv. Red and Burgundy and increased stomatal conductance to improved solution
uptake and its assimilation (Piechocki and Salachna, 2019). Ethanol along with sucrose decreased a-amylase and
peroxidase activity and reduce starch content in petals of feverfew flower (Matricaria parthenium) (Kaur and
Mukharjee, 2012). Due to its anti-ethylene properties, ethanol preserve chlorophyll contents in Alstroemeria flowers
by developing chloroplast and inhibiting chlorophyllase enzyme activity (Kiaseh and Yadegari, 2016).

Methanol maintained moisture content and enlarged chrysanthemum (Chrysanthemum morifolium) flower size by
increasing superoxide dismutase (SOD) activity along with reducing lipoxygenase (LOX) and protease enzymes
activity (Khokhar and Mukherjee, 2013). Moreover, it also improved water balance in chrysanthemum
(Chrysanthemum morifolium) cut stems at 4% concentration (Bazaz et al., 2015). Methanol as a preservative solution
improves solution uptake and delays drying of carnation petals (Dianthus caryophyllus) and even reduced the folding
of petals from the tips (Kaur and Mukherjee, 2013).

Different alcohols have a role in prolonging postharvest life cut carnation (Dianthus caryophyllus). Propanol at 2 and
4% reduced protein degradation, improved chlorophyll content and vase life. Whereas bentanol was effective in
inhibiting ethylene synthesis and pentanol minimize loss in fresh weight (Bagheri et al., 2015).

Benzyladenine

Cytokinins improves the vase life by increasing the integrity of tonoplast (a membrane surrounding the vacuole),
reduce the leakage of proteases enzymes to prevent hydrolysis of soluble proteins present in mitochondrial and
chloroplast membrane. Moreover, it delays the senescence by reducing chlorophyll degradation and increasing
chlorophyll activity (Wijayabandara et al., 2018). Thus an application of BA, a synthetic cytokinin improve vase life of
dahlia florets effectively in comparison to other ethylene inhibitors (STS, 1-MCP) (Shimizu-Yumoto and Ichimura,
2013). Combined action of BA and 1-MCP slows down rose senescence by decreasing endoproteases enzyme
activity and proline contents (Farazmandi et al., 2020). Application of BA (Benzyladenine) application at 25 and 50
mg/L not only reduced autocatalytic ethylene biosynthesis reaction but also preserve anthocyanin degradation thus
maintaining color of Eustoma cut flower (Asil and Karimi, 2010). It also increase vase life of carnation by increasing
petal sugar content, photosynthetic pigments and flower diameter (Etemadypoor et al., 2023). BA application to
stems of Siam tulip (Curcuma alismatifolia) affect expression of senescence related genes, increase antioxidant
enzymes activity and reduced jasmonic acid biosynthesis (Zhou et al., 2023).

Ethylene action inhibitor

These inhibitors works by binding with ethylene receptors to avoid ethylene binding, hence prevent ethylene action.
Moreover, they protect flower from both endogenous and exogenous ethylene and prevent autocatalytic ethylene
synthesis (Ebrahimzadeh et al., 2008). Blocking action of these inhibitors are usually based on competition between
hormones and molecules at binding site (Figure 3) (Scariot et al., 2009). Inhibitors such as silver nitrate, 2,5-
norbornadiene and 1-methylcyclopentene are active competitor for active site on ethylene receptors but they are no
commercially applicable due to offensive smell and toxicity (Devecchi et al., 2009).

Silver

Silver ions has been used for a long time as a potent ethylene inhibitor in floral industry. Diluted solution of silver salts are
commercially used to prolonged floral blooms. Silver inhibit ethylene biosynthesis by replacing copper co-factor required for
binding site for receptors, altering binding sites to transduce ethylene signals (Schaller and Binder, 2017). As silver has
ethylene binding inhibition properties so it reduces the endogenous ethylene production and delays the senescence
symptoms such as petal in-rolling, premature wilting and flower bud abscission (Thwala et al., 2013).
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Silver nitrate is one of the most common type of silver salts that is used both as a germicide and an ethylene inhibitor
in commercial preservative solutions (Khella et al., 2018). This collective action of silver nitrate delays the
senescence and reduce the degradation of anti-oxidant compounds like anthocyanin in gerbera (Abadi et al., 2013).
Due to ethylene biosynthesis inhibitor, silver nitrate increase tuberose (Polianthes tuberosa) flower diameter and
length, no of flower open per day and reduced dropping of flowers (Kumari et al., 2018) and it reduce chlorophyll loss
and carbohydrate degradation in stems of cut rose (Rosa hybrida) (Yagi et al., 2014). Silver nitrate application
downregulated of ACO2 gene expression in sweet osmanthus (Osmanthus fragrans) (Qiu et al., 2024). Pulsing of
lilium stem for 6 h in pulsing solution of silver nitrate+citric acid+ sucrose promotes uniformity in floral opening and
enhanced vase life up to 2 days (Lilium pumilum) (Krause et al., 2021).
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Figure 3. Ethylene action inhibitor working: (A) Under normal environmental conditions, ethylene molecules bind with
ethylene receptors (ETR1) located in endoplasmic reticulum membrane using copper ions (Cu2+) as co-factor.
Binding with receptors enhance enzymes activity and activate signal transduction. (B) Ethylene action inhibitor i.e,
AgNO3 works by replacing copper ions with silver ions thus preventing ethylene molecules binding and block
ethylene signaling.

Silver ions preferable in a form of silver thiosulphate (STS) is the most widely used active ingredient to prevent
premature aging of cut flowers. Silver acetate and nitrate mobilize slowly in tissues and decompose upon exposure to
light, whereas STS readily move towards flower organ thus enhanced vase life (Sedaghathoor et al., 2020). STS
along with inhibiting autocatalytic ethylene production, also decrease the activity of lipoxygenase (Lox) with a
decrease in respiration rate (Asrar, 2012; Abou EI-Ghait et al., 2012; Begri et al., 2014). STS has high mobility in
plant tissue with more stability than silver nitrate and less phototoxic and more effectiveness at low concentration
(Costa et al., 2021). Due to reduction in cellular respiration, STS application along with sucrose improve fresh weight
and water relation of gerbera flowers (Vijayalaxmi et al., 2022) and increase sugar content in foxglove (Digitalis
purpurea) by slowing down cellular respiration (Farooq et al., 2022). In rose (Rosa hybrida), STS improve vase life,
increase flower diameter, preserved carbohydrate content and prevent petal abscission (Ha et al., 2017) while in
gladiolus spikes (Gladiolus grandiflorus), it prolonged time required to senescence basal floret (Uddin et al., 2016).
Whereas STS increased total carbohydrate percentage and pigment contents in cut limonium (Limonium sinuatum)
flowers (Khella et al., 2018). Moreover, It promote the longevity of clarkia (Clarkia pulchella and Clarkia amoena)
flower by enhancing intervase activity and decreasing activity of lipoxygenase, lipid peroxidation and total phenols
content thus improving membrane stability (Arief, 2016; Dar and Tahir, 2018). Ethylene minimize the intervase activity

https://doi.org/10.55627/agrivet.004.02.1474 275




(availability of sugar to developing buds) in cut flowers, therefore application of STS (0.5 Mm) increase availability of
respirable sugar to developing bud thus prolonged vase life of clarkia flowers (Arief et al., 2016).

Despite its effectiveness, silver has toxic effect to environment and human health. Hence, to prevent the harmful
effects of these hazardous compounds, there is rise in demand for usage of safe compounds as ethylene inhibitor
(Nasiri et al., 2020). A safe alternative, silver nanoparticles also reported to inhibit ethylene synthesis in cut flower by
suppressing ethylene biosynthesis gene expression. Nano silver treatment prolonged vase life of peony flower by
inhibited ethylene release by 40.9% through reduced activity of ACS and ACC, whereas increase content of succinic
dehydrogenase (SDH), sugar and H*-ATPase thus maintaining high energy charge (Yi et al., 2018). Moreover, nano
silver also work as ethylene inhibitor by preventing expression of important regulators in ethylene signal transduction
pathway (EBF1, ERS2 and EIL1) while suppression expression of ethylene biosynthesis gene (Naing et al., 2021).
Silver nanoparticle application inhibit carotenoids and anthocyanin degradation in petals of chrysanthemum hence
add an increment of 4 days in vase life (Prabawati et al., 2023).

Cyclic olefins

In 1970s, cyclic olefins were discovered as an important compounds used to antagonize ethylene action by
irreversibly binding to receptors protein (Choi et al., 2023).Many compounds in this group i.e, 2,5-norbornadiene (2,5-
NBD), cis-butene, trans-cyclootene, 1-methylcyclopropane (1-MCP), Diazocyclopentadiene (DACP), 3,3-
Dimethylcyclopropene (3,3-DMCP), cyclopropenes [l-octylcyclopropene (1-OCP), 1-hexylcyclopropene (1-HCP)]
were identified as ethylene action blocker (Sisler and Serek, 1999; Sisler and Serek, 2003; Serek et al., 2006).
However, except for 1-MCP, other compounds are not commercially utilized presently and considered unfit to be
useas preservative solution due to their explosive nature, foul odor and ineffectiveness (required continuous
exposure) (Sisler and Serek, 1999). Whereas, 1-MCP has been available for commercial use since 2000 under trade
name of EthylBloc. It is known as an effective ethylene inhibitor as it is stable at room temperature, have no
detectable odor and non-toxic to environment (Serek et al., 2006).

1-Methylcyclopropane (1-MCP)

Need of an alternative material, free from heavy metals leads to the discovery of 1-MCP (Scariot et al., 2009). 1-
methylcyclopropane discovered in 1995, is the first non-potent ethylene inhibitor available in gaseous form (Scariot et
al., 2014). It inhibit ethylene synthesis by binding itself to hormone receptors in an irreversible way. The affinity of 1-
MCP to bind with receptors is ten times greater than ethylene (Cavallaro et al., 2023). Lower effective concentration
with minimum residue makes it an ideal substitute for toxic chemicals. Binding of 1-MCP with ethylene receptor
inactivates ethylene autocatalytic reaction and protects cut flower from both endogenous and exogenous ethylene
(Almasi et al., 2019).

1-MCP inhibit ethylene action in wintersweet flower (Chimonanthus praecox) by reducing the expression of CoSRG1
gene (senescence causing gene) and improve vase life up to 2.1 days (Sui et al., 2015). Pulsing of viburnum
(Viburnum tinus) stems with 1-MCP causes an extension of 4.5 days in vase life as compared to control along with
reduction in flower abscission rate and respiration rate respectively (Darass et al., 2010). Its use as preservative
solution minimize electrolyte leakage in petals of gerbera (Gerbera jamesonii) (Nazari and Saba, 2017), retard
carbohydrate and chlorophyll degradation in rose (Rosa hybrida) (Hassan, 2016) and reduce weight loss (%) in
carnation (Dianthus caryophyllus) (Asil et al., 2013). Preservative solution having composition of CIAM (1-MCP +
aminoisobutyric acid + sodium hypochlorite) improved solution uptake, inhibited bacterial growth in cut end of rose
(Rosa hybrida) stem. Furthermore, expression of ethylene synthesis genes (RhACO1) and (RhACS2) were also
surpassed by CIAM preservative solution (Ha et al., 2019). 1-MCP significantly delayed petal senescence of highly
ethylene sensitive dahlia variaties (Azuma et al., 2020), minimize flower fresh weight reduction, delay deterioration
and reduced ethylene production from gerbera flower head (Hongpakdee et al., 2022).

It blocks downstream transduction and inhibited expression of genes induced by ethylene hence extend vase life of
Alestromeria by increasing protein content and reducing damage by ROS through initiation of antioxidant enzyme
activities (Nasiri et al., 2020). 1-MCP treatment with selenium reduced postharvest metabolism of narcissus by
lowering climacteric respiration rise with improvement in scavenging activities (Bayat and Moradinezhad, 2020). 1-

MCP application at 0.5-1.0 yL L™ improves water balance, water uptake rate and fresh weight of foxtail cut flower (E.

spectabilis and E. persicus) but also extend vase life up to 2 more days as compared to control (Mahmoudian et al.,
2023). Combined application of 1-MCP+TDZ (Thidiazuron) not only prolonged vase life up to 4 days but also
minimize chlorophyll degradation and weight loss of ranunculus flower (Cavallaro et al., 2023).Pretreatment of cut
vanda blue orchid flowers for 6 hr prevent ethylene induced color fading and prevent anthocyanin degradation by
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recovering inflorescence color (Khunmuang et al., 2019). However, several complications are associated with 1-MCP
due to its gaseous nature, thus a new initiative: a and B cyclodextrin based nanosponges 1-MCP complex reduced
ethylene production in carnation and retain petal color for longer time (Seglie et al., 2011). Despite its effectiveness,
its inhibiting effect is for limited time period which usually depends upon flower stage and ethylene sensitivity of a
specie (Ha et al., 2020).

Synthetic peptides

Peptides proved to have an important role in plant development and response towards environmental stresses. In
contrast to natural peptides, synthetic peptides can alter plant signaling by interfering with protein-protein interaction
(IPP) in signaling pathway (Hofmann et al., 2021). Synthetic peptide- Oligopeptides (NOP-1) derived from nuclear
localized signal (NLS) located at EIN2 C-terminus interferes with protein-protein interaction. It inhibit the interaction
between ethylene receptors (ETR1) and ethylene signaling protein, ethylene-insenstive-2 (EIN2) hence inhibit
ethylene response (Kessenbrocket al., 2017; Klien et al.,2018).

Peptide NOP-1 significantly delayed vase life of carnation and rose by 6-8 as compared to control due to its ability to
bind with ethylene receptors. It has advantage over other chemical inhibitors (Silver and 1-MCP) as it is sustainable,
biodegradable and low toxic to environment (Hoppen et al., 2019).

CONCLUSION

Cut flowers are metabolically active after harvest and carried out all life sustaining process by using stored reserves.
Their quality, vase life and appearance were depend on growing conditions, harvesting time, environmental factors
and postharvest management. Senescence in cut flowers is usually associated with climacteric increase of ethylene
production occurs due to carbohydrate depletion, water stress or microbes. Thus, use of ethylene inhibitors to
minimize ethylene synthesis is one of the most common, cheapest and safest technique used by growers and florists
to preserve vase life after harvest, during transportation and storage. These inhibitors improves flower quality by
restricting metabolic activities, maintaining water balance and by reducing oxidative stress.
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