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Salinity poses a significant threat to the floral plants. Melatonin has emerged as a potential phytohormone to
cope with the adverse effects of salinity on plants due to its multifaceted roles in regulating abiotic stresses. The
current study aimed to investigate the impact of melatonin on pansy by modifications in physiological indices
under salinity stress. Pansy plants were subjected to salinity stress (0, 50, and 100 mM NaCl) and melatonin

(control, 50, and 100 uM). Salinity-induced oxidative stress was apparent through enhanced generation of toxic
substances. However, melatonin supplementation improved chlorophyll ‘a’, chlorophyll ‘b’, total chlorophyll,
glycine betaine (GB), superoxidase dismutase (SOD), peroxidase (POD), catalases (CAT), and glutathione-
reductase (GR), thus promoting improved growth under salinity. The activation of plant defense system and
regulation of signaling molecules is indication of lessening of toxic substances within the plant cells. Current
findings revealed that supplementation of melatonin enhanced pansy tolerance against salinity stress.

1. Introduction

Pansy is a common choice in ornamental gardens and landscapes
because of its bright and colorful petals (Hamlin and Mills, 2001). The
pansy has distinctive traits that render it vulnerable to stress brought on
by salinity. For their sustainable development and economic viability, it
is crucial to comprehend negative effects of abiotic stresses (Hakim
et al., 2017; Mudassir et al., 2021; Lal et al., 2023). Salinity stress has a
negative impact on pansy production, beginning at the cellular level
(Qin et al., 2022). Reduced water intake and plant wilting are caused by
the excess accumulation of Na™ and Cl” in the root zone, which alters the
water potential (Li et al., 2022; Islam et al., 2021; Manzoor et al., 2023).
Salinity stress causes an excessive buildup of reactive oxygen species
(ROS), which can further oxidize biological components (Kohli et al.,

2019; Nasir et al., 2021; Mansoor et al., 2022). Melatonin is a hormone
well known for its numerous and amazing effects on plants (Siddiqui
et al., 2020; Kaya et al., 2020; Altaf et al., 2021). Ornamental plants are
sensitive to elevated salinity that can seriously hinder their growth and
yield (Ahmad et al., 2023). When exceeded soluble salts build up in the
soil, it causes salinity stress, which in turn causes osmotic imbalance, ion
toxicity, and oxidative damage in plants (Rehman et al., 2019). About
one-third of irrigated land facing salinity-related problems, this situa-
tion has become a major global concern for agricultural productivity (Li
et al., 2019a; Zhang et al., 2021).

Melatonin was once primarily thought to be a hormone found in
plants, leading to substantial research into its role and effects on plant
physiology (Fan et al., 2018; Li et al., 2019a). Although its fundamental
function in plants has not yet been fully understood, it has been linked to
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a wide range of physiological functions, including the control of growth,
the timing of blooming, the response to biotic and abiotic stressors, and
antioxidant defense mechanisms (Akram et al., 2021; Eisa et al., 2023).
Exogenous melatonin treatment improves numerous plant species’
ability to tolerate salt, including improvements in seed germination,
root growth, and photosynthetic efficiency in salty environments
(Roopin and Levy, 2012). Melatonin had capability to neutralize ROS
and regulated antioxidant defense mechanisms in order to reduce stress
adversities. Moreover, melatonin controls the expression of genes and
signaling pathways that are responsive to stress and are involved in the
perception and adaption to stress (Posmyk and Janas, 2009). These
signaling pathways are essential for cellular homeostasis regulation and
stress tolerance enhancement. The current study aims to explore mela-
tonin potential against salinity in pansy by focusing on changes in
photosynthetic pigments, physiological indices, signaling molecules,
and defense system.

2. Materials and methods
2.1. Planting materials

Pansy seeds were purchased from a seed company More Green
Company, Pakistan. Seeds were sown in pots filled with well-drained soil
on 30 October 2022 at Department of Horticulture, Bahauddin Zakariya
University, Multan. Soil physical and biochemical characteristics were
measured before and at the research trial termination stage on 27
February 2023 (Table 1). The urea of 5 g was applied to every pansy
plant. However, insecticides were not applied to pansy plants.

2.2. Experimental details

The uniform-size seedlings were tagged for treatment applications as
salinity (0, 50, and 100 mM NaCl) and melatonin (control, 50, and 100
uM). Melatonin was purchased from the well-known company of Sig-
ma-Aldrich Chemicals Pvt. Ltd. Stock solution of the melatonin was
prepared in the ethanol and preserved at —20 °C for regular spraying.
Desired concentration of melatonin was mixed in the ethanol (100 %). A
volume of 40 mL of melatonin was sprayed on each plant after covering
the soil. All irrigations were made with salinity levels, while melatonin
concentrations were applied after fifteen days intervals till crop
harvesting.

2.3. Observation recorded

2.3.1. Growth and yield measurements of plants

Plant height and canopy were measured using a vernier caliper. The
fresh weight of the plant and its flowers was measured using a digital
weighing balance (Wang et al., 2023). The number of leaves, flowering
buds, and flowers were also counted on the tagged pansy plants.

2.3.2. Evaluation of photosynthetic pigments
Photosynthetic pigments (chlorophyll ‘a’, chlorophyll ‘b’, and total

Table 1
Physico-chemical properties of soil after experiment.

Characteristics Before research trial After research trial
50 mM NacCl 100 mM NaCl

Soil texture Silt loam Silt loam Silt loam
Saturation (%) 30 28 28
Organic matter (%) 0.41 0.36 0.35

EC (mSem ™) 1.79 1.81 1.82

pH 8.0 8.1 8.1

P (mg kg™Y) 4.10 3.50 3.50

K (mg kg™!) 123 120 108

Na (mg kg™ 1) 135 223 245

Cl (mg kg™") 131 187 193

Journal of King Saud University - Science 36 (2024) 103286

chlorophyll) were measured using a common method of Arnon (1949)
by use of 80 % acetone. After extraction, samples were centrifuged and
the supernatant was used to record absorbance via spectrophotometer at
665 and 652 nm. Acetone was used as a blank to subtract their absor-
bance value from the pansy leaf samples.

Chlorophyll ‘a’ (mg/g fresh weight basis) = (A%®® x 0.0127 — A®* x
0.00269) x 100.

Chlorophyll ‘b’ (ng/g fresh weight basis) = (A®*® x 0.0229 — A%63 x
0.00468) x 100.

Total chlorophyll (mg/g fresh weight basis) = (A%*® x 0.0202 + A®63
x 0.00802) x 100.

2.3.3. Determination of malondialdehyde (MDA) and hydrogen peroxide
(H202)

To measure MDA and H,05 in pansy plants, a simple and commonly
used method called the thiobarbituric acid reactive substances (TBARS)
assay was adopted for MDA and the titanium sulfate (Ti-SO4) assay for
H30,. About, 200 pL supernatant was used homogenized in 0.5 % thi-
obarbituric acid for MDA, and 0.5 Ti-SO4 for H,O, (Nakano and Asada,
1981).

2.3.4. Assessment of antioxidant activities

Grind the plant material in liquid nitrogen to obtain a fine powder
and stop metabolic activities. the powder was transferred to a pre-
chilled tube and add an appropriate extraction buffer (phosphate
buffer) to extract the enzymes (SOD, POD, CAT, and GR). Homogenize
the mixture thoroughly and centrifuge it to separate the soluble fraction.
Spectrophotometer was used to record optical values of enzymes in
pansy leaves at different specific wavelengths. A method of Nakano and
Asada (1981) was successfully employed for the determination of en-
zymes in the pansy plants.

2.3.5. Measurements of GB and APX

Fresh pansy leaf samples of 0.3 g were homogenized in a suitable
extract buffer. Pansy leaf samples were centrifuged and the supernatant
was collected for the determination of optical value via spectropho-
tometer at specific wavelengths according to the earlier described
method (Grieve and Grattan, 1983).

2.4. Statistical analysis

The tagged pansy plants data were analyzed using the analysis of
variance (ANOVA) technique under completely randomized design
(CRD) with two factors (salinity and melatonin) through the computa-
tion software Statistix 8.1. However, treatment means were separated by
using the least significant difference (LSD) test at 0.05 probability.

3. Results
3.1. Melatonin improves pansy growth and flowering yield

Pansy growth and yield were reduced significantly higher at 100 mM
NacCl than in other treatments of salinity. However, melatonin 100 pM
improved significantly all the growth and yield traits than 50 pM and
control under salinity. Pansy plants treated with melatonin of 100 uM
exhibited increased plant height and canopy, number of leaves, and
plant fresh biomass under salinity (Fig. 1). The maximum reduction in
the number of flowering buds and flowers per plant and flowers fresh
weight were recorded in pansy under salinity of 100 mM. The number of
flowering buds and flowers per plant and flowers fresh weight were
significantly higher in melatonin-treated (100 pM) pansy under salinity
(Fig. 2).

3.2. Melatonin regulates the photosynthetic apparatus of pansy

Salinity stress caused a significant reduction in the content of
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Fig. 1. Melatonin spray improves pansy growth i.e. plant height (A), plant
canopy (B), number of leaves (C), and fresh plant biomass (D) under salinity.
Mean values sharing different lettering showed significant effects on traits at
0.05 probability. Data presented are means + SEs (n = 3).

photosynthetic pigments in pansy plants compared to the control group.
However, the application of melatonin mitigated the adverse effects of
salinity on photosynthetic pigments. The chlorophyll ‘a’, ‘b’, and total
chlorophyll showed a noticeable improvement with melanin at 100 uM
under both salinity concentrations. The increase in chlorophyll content
was recorded with melatonin (50 and 100 uM) (Fig. 3).

3.3. Melatonin normalizes oxidative injury in pansy

Salinity stress significantly increased the levels of MDA and Hy0,
compared to non-stressed pansy plants. The application of melatonin at
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Fig. 2. Melatonin effects on pansy yield i.e. number of flowering buds (A),
number of flowers (B), and fresh flowers weight (C) under salinity. Mean values
sharing different lettering showed significant effects on traits at 0.05 proba-
bility. Data presented are means + SEs (n = 3).

concentrations of 50 and 100 uM effectively mitigated the salinity-
induced elevation of MDA and H,O; levels in pansy plants. Both mela-
tonin treatments resulted in a significant decrease in MDA and H02
levels compared to the salinity-stressed plants without melatonin
treatment. Remarkably, melatonin (100 puM) exhibited a more pro-
nounced effect in reducing MDA and H05 levels compared to the lower
concentration (50 uM) (Fig. 4).

3.4. Melatonin enhanced antioxidant activities in pansy

The effect of melatonin was more pronounced at a concentration of
100 pM. The antioxidant activities of SOD, POD, CAT, and GR were
enhanced compared to both the salinity-stressed plants without mela-
tonin treatment and the plants treated with 50 uM melatonin. Current
findings revealed that higher concentrations of melatonin (100 pM)
exerted a more potent protective effect on the antioxidant defense sys-
tem of pansy plants under salinity stress (Fig. 5).

3.5. Melatonin boosted osmolytes accumulation in pansy

Salinity stress alone led to a significant reduction in GB and APX
accumulation in pansy plants. However, melatonin treatment at both 50
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Fig. 3. Melatonin effects on pansy photosynthetic pigments i.e. chlorophyll ‘a’
(A), chlorophyll ‘b’ (B), and total chlorophyll (C) under salinity. Mean values
sharing different lettering showed significant effects on traits at 0.05 proba-
bility. Data presented are means + SEs (n = 3).

and 100 uM concentrations resulted in a substantial increase in GB and
APX levels compared to the only salinity-stressed plants. Results indi-
cated that melatonin can enhance the accumulation of GB, which helps
in osmotic adjustment and protection against salinity-induced stress
(Fig. 6).

4. Discussion

Melatonin application can increase plant height, canopy size, leaf
number, and fresh plant biomass in the present study (Fig. 1). Moreover,
melatonin has a positive impact on flowering-related factors such as
raising the number of blooming buds and flowers and improving their
fresh weight (Fig. 2). These improvements are important to enhance
growth traits and floral yield of plants subjected to salinity stress
(Shahzad et al., 2022). Melatonin supplementation had a favorable
impact on plant growth and fresh and dry biomass under salinity stress.
Current results showed that melatonin spray improved leaf size, number
of leaves, and overall plant health. Current findings are in accordance to
earlier researchers because melatonin had potential to cope with salt
toxicity in crops such as Indian jujube (Ahmad et al., 2023) and tomato
(Altaf et al., 2020).

Present results revealed that melatonin plays a crucial role in
enhancing plant resilience. Melatonin significantly increased the
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Fig. 4. Melatonin effects on oxidative [MDA (A) and H;0; (B)] stress indicators
in pansy under salinity. Mean values sharing different lettering showed sig-
nificant effects on traits at 0.05 probability. Data presented are means + SEs (n
= 3).

chlorophyll content in pansy under salinity stress. Under salinity, pansy
treated with melatonin showed an increase in photosynthetic pigments
(Fig. 3). Earlier research work suggested that supplementing with
melatonin can lessen the negative effects of salinity on chlorophyll
formation (Mishra et al., 2023). Melatonin encourages higher photo-
synthetic efficiency by increasing the production of chlorophyll content,
which improves plant growth salinity stress (Ayyaz et al., 2022). These
results demonstrate melatonin is an efficient strategy to increase salinity
tolerance in plants (Khan et al., 2022).

Melatonin has been found to increase plants resilience to salinity by
lessening oxidative damage as revealed from the present results (Fig. 4).
According to the current study, melatonin treatments increased levels of
H20, and MDA, two signs of oxidative stress under salinity in pansy
plants. Salinity causes an increase in ROS production, which damages
cells (Moustafa-Farag et al., 2020). Melatonin functions as a powerful
antioxidant, scavenging ROS and reducing oxidative stress (Bose and
Howlader, 2020). Melatonin contributes to cellular homeostasis main-
tenance and membrane integrity preservation by lowering HoO2 and
MDA levels, eventually enhancing pansy tolerance to salinity stress
(Yavas and Hussain, 2022). Hence, these results demonstrate the po-
tential of melatonin to improve plant tolerance against salinity stress.

The impact of melatonin on boosting antioxidant enzyme activities
in plants under salinity stress is also studied by Debnath et al. (2019).
Important enzymes involved in preventing oxidative stress include SOD,
POD, CAT, and GR activation (Sheikhalipour et al., 2022; Altaf et al.,
2023). Stress from salinity frequently triggers excessive ROS production,
which harms plant tissues (Saddhe et al., 2019). Hence, current research
has shown that melatonin supplementation can enhance SOD, POD,
CAT, and GR activity, hence lowering oxidative damage (Fig. 5). These
enzymes are essential for neutralizing ROS and preserving the cellular
redox balance (Arnao and Hernandez-Ruiz, 2021). Melatonin has the
potential to be an effective phytohormone in harsh environment because
of its capacity to strengthen the antioxidant defense system in plants
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Fig. 5. Melatonin effects on antioxidants [SOD (A), POD (B), CAT (C), and GR
(D)] activities i.e. in pansy under salinity. Mean values sharing different
lettering showed significant effects on traits at 0.05 probability. Data presented
are means + SEs (n = 3).

under saline stress (Esboei et al., 2022).

The pansy tolerance to salinity was increased by melatonin (Fig. 6).
Previous research has shown that melatonin application raises the levels
of two crucial substances, GB and APX (Li et al., 2019b). So, APX and GB
scavenges potentially hazardous ROS (Huang et al., 2022). Melatonin
helps to lessen the harmful effects of salt stress on pansy plants by raising
the amounts of these signaling compounds (Debnath et al., 2019;
Kamiab, 2020). The current findings show that melatonin has the po-
tential to be a useful tool for enhancing plant productivity and resilience
under saline conditions.
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traits at 0.05 probability. Data presented are means + SEs (n = 3).

5. Conclusion

In the light of current findings, pansy plants may benefit from
melatonin spray by reducing the harmful effects of salinity stress. The
protective impact of melatonin against salt stress considered as a
powerful antioxidant and its potential to regulate several physiological
processes such as osmotic balance, photosynthesis, and antioxidant de-
fense mechanisms. Conclusively, melatonin had potential to contribute

for the improvement of pansy growth, and floral yield under salinity
stress.
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