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ABSTRACT

In plants, melatonin can regulate the life cycle, growth, and responses to environmental stress. It has
been shown that in ornamental plants, melatonin regulates physiological processes. including growth, de-
lays aging, and alleviates stress. The objective of this review is to provide information on the role of mela-
tonin as a hormonal compound in ornamental plants, the significance of endogenous melatonin levels, and
the its application in ornamental plant production and marketing. Several studies have reported that both
exogenous and endogenous melatonin influence the lifespan of flowering potted plants, cut flowers, and
foliage ornamentals, as well as their postharvest quality. Melatonin shows potential for maintaining the
quality of ornamental plants. It acts as a growth regulator, preservative, and antimicrobial agent, thereby
contributing to extended shelf life. This overview provides a comprehensive summary of melatonin bio-
synthesis in plants, endogenous melatonin content in various species, and its effects on cut flowers, potted
plants, and ornamental foliage plants, as well as their postharvest quality. It also addresses the effects of

exogenous melatonin application on ornamental plant cultivation.
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INTRODUCTION

Melatonin (MLT) has been identified as a po-
tential agent for maintaining the quality of ornamen-
tal plants due to its various effects as a plant growth
regulator, preservative, and antimicrobial agent
(Gao et al. 2022). In most plant species, roots, seeds,
leaves, bulbs, and flowers serve as rich sources of
melatonin (Arnao & Hernandez-Ruiz 2014). This
compound can regulate the growth of roots, shoots,
and explants, activate seed germination, and delay
leaf aging (Arnao & Hernandez-Ruiz 2014). In hor-
ticultural plants, melatonin has been reported to play
arole in seed germination, root development, flow-
ering, fruit formation and ripening (Gao et al. 2022).
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Additionally, melatonin acts as a potent antioxidant,
enhancing plant resistance to various environmental
stressors, while also supporting root growth, leaf
morphology, chlorophyll preservation, and fruit de-
velopment (Ahmad et al. 2023).

Ornamental plants are an important part of the
horticultural market. However, their production and
marketing are hindered by various obstacles due to
biotic and abiotic factors. Stress caused by these
factors reduces the profitability of ornamental plant
sales and can negatively affect their quality. There-
fore, it is necessary to develop new methods to im-
prove and maintain quality. One way to enhance the
quality of ornamental plants is through the applica-
tion of melatonin.
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Numerous studies indicate that exogenous
melatonin significantly affects the shelf life of cut
flowers, including carnations (Lezoul et al. 2022)
and tuberoses (Zulfigar et al. 2023). This review
presents melatonin as a novel hormonal compound,
highlighting its occurrence in various ornamental
plants and its impact on cut flowers, flowering pot-
ted plants, and foliage ornamentals. In this context,
this article explores the potential of melatonin as
a new agent for maintaining the quality of ornamen-
tal plants.

MELATONIN AS AHORMONAL
COMPOUND IN PLANTS

In 1958, Lerner and his colleagues discovered
melatonin (N-acetyl-5-methoxytryptamine) in the
pineal glands of cattle (Arnao & Hernandez-Ruiz
2019). Melatonin plays a significant role in physio-
logical processes in animals, influencing circadian
rhythms, sleep patterns, body temperature, appetite,
sexual behavior, and the immune system (Carrillo-
Vico et al. 2013). It acts as a signal of darkness,
providing the brain and peripheral organs with the
information necessary to synchronize the endoge-
nous rhythms of physiological functions (Dubbels
et al. 1995). Over the decades, the scope of research
on melatonin has expanded. In 1995, it was detected
in plant cells (Kanwar et al. 2018). This discovery
laid the foundation for understanding the role of
melatonin in plants — a compound called phy-
tomelatonin.

Melatonin occurs in plants in small amounts,
and its concentration varies depending on the spe-
cies (Table 1). The highest concentrations are typi-
cally found in reproductive tissues, such as flowers
and seeds. Melatonin production in plants is influ-
enced by environmental factors such as light, tem-
perature, and stress (Afreen et al. 2006). Melatonin
serves a range of functions in plants, including the
regulation of physiological processes (such as
growth and cell differentiation), the inhibition of
chlorophyll loss and the aging process, and counter-
acting the effects of stress (Mubarok et al. 2023).

ENDOGENOUS MELATONIN CONTENT
IN VARIOUS ORNAMENTAL PLANTS

Endogenous melatonin is reported to play a crucial
role in regulating growth across various plant spe-
cies (Armao & Hernandez-Ruiz 2018). Its content
varies between species and among different plant
parts, such as flowers, leaves, fruits, and seeds
(Caliskan et al. 2017). A range of factors influence
endogenous melatonin levels in plants, including ar-
senic (Kapoor et al. 2023) and lignin content as well
as stem strength. Plants with stronger stems, such as
Paceonia lactiflora, typically exhibit higher levels of
this compound (Zhao et al. 2022). Other factors in-
fluencing this parameter include light deficiency
(Wolfetal. 2001) and environmental conditions, e.g.
abiotic stress from industrial pollution can increase
endogenous melatonin content (Abbas et al. 2023),
and cold stress causes an increase in melatonin con-
tent in young flower buds (Murch et al. 2009).

Table 1. Endogenous melatonin content in various ornamental plants

Scientific name Common name

Reference

Endogenous melatonin content

Forsythia suspensa ~ weeping forsythia, golden-bell 45 ng-g’! Chen et al. 2003
Helianthus annuus sunflower 29 ng-g’! Manchester et al. 2000
Lantana camara wild sage 389 pg-g! Zohar et al. 2011
Laurus nobilis bay laurel 8831 pgg’! Zohar et al. 2011
Lonicera etrusca Etruscan honeysuckle 521 pg-g’?! Zohar et al. 2011
Lonicera japonica Japanese honeysuckle 140 ng-g’! Chen et al. 2003
Lupinus albus white lupin 1.2840,06 ng-g’! Hernandez-Ruiz and Arnao 2008
Myrtus communis myrtle 291 pg-g’! Zohar et al. 2011
Paeonia lactiflora Chinese peony 62.61+3.23 ng g’ Zhao et al. 2018
Phillyrea latifolia green olive tree, mock privet 6337 pg-g’! Zohar et al. 2011
Phyla nodiflora lippia, frogfruit 27.48+0.05 U per mg of protein Abbas et al. 2023
Portulaca oleracea  pursley 19,000 pg-g’! Simopoulos et al. 2005
Rehmannia glutinosa Chinese foxglove 97 ng-g’! Chen et al. 2003
Ruscus aculeatus butcher’s broom 954 pg-g’! Zohar et al. 2011

Viburnum tinus

laurustinus

613 pg-g’!

Zohar et al. 2011
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THE EFFECT OF MELATONIN
ON CUT FLOWERS

The vase life of cut flowers is a key quality
factor affecting farmers’ profit margins in both do-
mestic and international markets (Zulfigar et al.
2023). Following harvest, metabolic activity per-
sists within the flower cells, involving essential
processes that utilize substrates stored in the tis-
sues (Jhanji et al. 2023). Extending vase life and
delaying aging can be achieved by maintaining car-
bohydrate levels, improving water absorption, and
reducing oxidative stress caused by the excessive
reactive oxygen species (ROS) formation (Zulfigar
et al. 2023). Following postharvest damage, the
level of ROS rises significantly, accompanied by
an increase in antioxidant activity. High levels of
ROS can accelerate flower aging, directly affecting
the quality and shelf life of cut flowers (Hatamza-
deh et al. 2012).

Various postharvest treatments utilizing plant
growth regulators (PGRs), signaling molecules,
and biostimulants can inhibit postharvest aging
and extend vase life (Zulfiqar et al. 2020). How-
ever, research on the preharvest application of
these substances to enhance the postharvest perfor-
mance of cut flowers remains limited (Zulfigar et
al. 2023). Preharvest application of biostimulants
and potassium has been shown to improve the post-
harvest performance of gladiolus and statice by re-
ducing oxidative stress during aging (Zulfiqar et al.
2020, 2023). Melatonin can prevent oxidative
stress in plants due to its antioxidant properties
(Altaf et al. 2021a, b).

Based on the findings of Lezoul et al. (2022),

melatonin extended the vase life of cut carnations

(Dianthus caryophyllus L.) by up to 10 days com-
pared with the untreated control. Another study
demonstrated that melatonin prolonged the vase
life of tuberose flowers (Asparagaceae) by enhanc-
ing leaf gas exchange and soluble sugar content,
while reducing proline, hydrogen peroxide (H»0,),
and malondialdehyde (MDA) content (Zulfigar et
al. 2023).

THE EFFECT OF MELATONIN
ON FOLTAGE ORNAMENTAL PLANTS

The aging of foliage ornamental plants can
pose a significant challenge, especially when in-
sufficient lighting leads to plant stress. This con-
straint can notably limit the quality of such plants,
reducing their visual appeal and aesthetic value
(Ferrante et al. 2015).

Several recent studies have shown that melato-
nin delays leaf aging induced by abiotic stressors,
including drought and darkness (Byeon et al. 2012).
Such stress conditions can trigger ethylene produc-
tion (Irigoyen et al. 1992), which results in leaf ag-
ing and shedding, as well as other physiological dis-
ruptions, such as epinasty (Ferrante et al. 2015).

A study by Xiang et al. (2020a) evaluated the
efficacy of melatonin in mitigating dark-induced
plant damage in three Pilea species: P. cadierei,
P involucrata, and P. mollis. These plants are sus-
ceptible to damage, especially during long-distance
transport, which can lead to the yellowing of leaves.
The results showed that the application of melatonin
at different concentrations (50, 100, 150, and
200 umol-L™") can reduce darkness-induced dam-
age in all three species. Table 2 presents the results
of exogenous melatonin application in various orna-

mental plants.
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Table 2. Effect of melatonin application on ornamental plants

Scientific Common  Plant Application  Optimal Effect Reference

name name organ  method  concentration
diopine th Melatonin mitigates chilling injury by reducing electro- Aghdam
Anthurium  anthurium  flower ﬂlppmg ° 100 uM  lyte leakage and maintaining lower malondialdehyde et al.
ower stem - . .

concentrations during storage under cold conditions 2019

Melatonin extends the vase life of cut flowers by increas-

ing the length of the flowers and stems, as well as the

number and size of flower buds, it also reduces posthar-
Antirrhinum 200 ol vest decay by inhibiting ethylene biosynthesis and gene Xiang

snapdragon flower  spraying expression associated with ethylene biosynthesis, and ex- et al.
ogenous melatonin can inhibit bacterial, viral, and para- 2020b
sitic infections by upregulating pathogenesis-related

genes (such as nitric oxide and salicylic acid), thereby en-

hancing the postharvest quality of fruits and vegetables
Melatonin enhances the physiological resistance of

flowers to drought by enhancing photosynthetic capac-

majus perL

Chwsqnthmum chrysanthe- flower  spraying 100 uM ity and antioxidant defense, and additionally reduces Luo et
morifolium mum . .~ al. 2023
membrane damage and the accumulation of reactive
oxygen species
Melatonin is associated with complex coordination of
Davidia . mult.lple signaling pathyvays and phytohormone. SYN- | - etal.
. dove tree flower  spraying 100 pM  thesis, as well as the activation of phenylpropanoid bi-
involucrata . . . . . 2021
osynthesis, glutathione metabolism, and calcium sig-
naling, contributing to the alleviation of drought stress
Melatonin extends the vase life of flowers, helping to
) o . S.. Lezoul
Dianthus . . maintain their initial fresh weight, membrane stability
carnation flower  spraying 0.lmM . . . . .. et al.
caryophyllus index, bioactive compounds, and antioxidant activity 2022
for a longer period
Melatonin delays the senescence of leaves and miti-
gates physiological stress by increasing glutamine syn-
Gardenia . dipping the thetase activity, increasing water and protein content, Zhao et
Jjasminoides gardenia leaf flower stem LOmM reducing cell death under darkness, increasing endog- al. 2017
enous melatonin levels, and enhancing the activity of
superoxide dismutase and catalase
Hedychium white dipping the Melgtonm increases the production of ﬂower aroma by Abbas et
. . . flower 100 pM  altering the expression levels of genes involved in the
coronarium  ginger lily flower stem . . al. 2021
flower aroma biosynthesis pathway
Hibiscus rose . 100 pmol Exogenous_ melatonin enhances.the drought re.51st.ance Yan et
. flower  spraying by regulating the photosynthetic system, antioxidant
syriacus of Sharon perL .2 al. 2024
enzyme activity, and drought-related genes
Melatonin ensures the stability of flower stem mass, Lourédo
Hippeastrum . dipping the delays the degradation of anthocyanin and flavonoid de Brito
hybridum amaryllis - flower flower stem 001 mM pigments, and preserves the stability of phenolic com- et al.
pounds and total carbohydrates for 14 days 2023
Melatonin regulates bulb development by downregu- Sun et
Lilium lily bulb dipping 20pM  lating LoRAV and upregulating LoBPM3 during the al. 2022
early stages of growth )
. . Melatonin improves salt tolerance by enhancing pho- _ .
Limonium . leaf . . . . . Lietal.
bicolor statice ea spraying 5uM tosynthesis and improving cellular redox homeostasis 2022

under salt stress

Melatonin alleviates cadmium-induced stress by in-
creasing the relative water content and stomatal con-
ductance of plants, causing a significant increase in the

Malva mallow leaf dipping 15uM, activity of catalase, superoxide dismutase, and guaia- Tousi et

parviflora 50uM  col peroxidase, while also stimulating the production al. 2020
of phenols, and increased activity of antioxidant en-
zymes reduces electrolyte leakage, lipid peroxidation,
and hydrogen peroxide levels
Paconia garden . Melatonin increases. stem strength by raising ligt.lin Zhao et
lactiflora peony stem  spraying 0.5mM content and regulating the expression of genes in- al. 2022

volved in lignin biosynthesis, improving the S/G lignin
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Scientific Common  Plant Application Optlmalh Effect Reference
name name organ  method  concentration
composition ratio
Pilea cadierei, Melatonin mitigates plant damage caused by darkness Xiang
. . . 50-200 . . .
P, involucrata, pilea leaves  spraying mol per L by increasing stem height, leaf area, chlorophyll and et. al
P. mollis H p anthocyanin content, and Fv/Fm values 2020a
Melatonin delays the aging of night-scented flowers by
improving gas exchange in the leaves and increasing
Polianthes . 0.07 mM, the content of soluble proteins and soluble sugars, it Zulfiqar
uberosa tuberose  flower spraying 1.00 mM also lowers the levels of proline, hydrogen peroxide, et al.

’ and malondialdehyde, while enhancing the activity of 2023
superoxide dismutase and catalase, thereby reducing
oxidative stress

Primula baby . 100 pmol M.elatonln mitigates g.rowth inhibition induced by cad- Jia ot al.
3 . . flower  spraying mium stress, improving morphology, growth index,
forbesii primrose perL 2023
and ornamental value
Melatonin mitigates salt stress by increasing relative
. water content and photosynthetic pigments, while re- ..
Ranunculus Persian . . . L - Eisa et
S leaf spraying 200 puM  ducing the accumulation of sodium ions in the leaves,
asiaticus buttercup Lo . al. 2023
which improves vegetative parameters and promotes
plant growth
Melatonin can increase tolerance to heat stress by en-
hancing the efficiency of photosynthetic electron
transport, boosting the activity of Calvin cycle enzymes,
Rhododendron thododen- leaf spraying 200 pmol stimulating the production of adenosine triphosphate, Xuctal.
dron perL . . . . 2023
and improving the efficiency of photosynthesis and car-
bon dioxide assimilation through the regulation of the
expression of specific genes, including RhRbsA
Melatonin extends the vase life by reducing stomatal
opening on the lower epidermis, increasing phenol and M
dipping the glutathione content, and enhancing the activity of cat- azrou
Rosa hybrida rose flower 0.2mM - : et al.
flower stem alase, ascorbate peroxidase, and glutathione reductase,
: . . 2022
it also reduces hydrogen peroxide production and lipid
peroxidation, which contributes to membrane stability
. Melatonin enhances antioxidant defense by increas- Bidabadi
Salvia woodland a . . . . . - .
ower  spraying 100 uM  ing essential oil production, especially under mild et al.
nemorosa sage
water stress 2020
CONCLUSIONS Author contribution statement

The application of melatonin to ornamental
plants offers advantages as a biostimulant by en-
hancing their tolerance to various abiotic stressors,
including extreme temperatures, drought, osmotic
stress, heavy metals, and ultraviolet (UV) radiation.
Melatonin plays a crucial role in regulating reactive
oxygen species (ROS) and other free radicals, in-
fluences both primary and secondary plant metab-
olism, regulates stress-related enzyme transcrip-
tion and transcription factors, and interacts with
other hormones under diverse environmental con-
ditions. Future research should further explore the
functions of and mechanisms of action of melato-

nin in ornamental plant cultivation.
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