agronomy

Article

Developmental, Phytochemical and Enzymatic Changes in Pot
Marigold (Calendula officinalis L.) cvs. Hybrid and French with
Salicylic Acid (SA) and Polyamine Spermidine (SP)

Foliar Spray

Sohail Ahmad 1, Waseem Ahmed !, Adil Mihoub 2, Aftab Jamal 3*, Muhammad Farhan Saeed ¢, Nasir Masood ¢,
Emanuele Radicetti 5, Muhammad Fawad ¢ and Silvana Nicola 7*

Citation: Ahmad, S.; Ahmed, W.;
Mihoub, A.; Jamal, A.;

Farhan Saeed, M.; Masood, N.;
Radicetti, E.; Fawad, M.; Nicola, S.
Developmental, Phytochemical and
Enzymatic Changes in Pot Marigold
(Calendula officinalis L.) cvs. Hybrid
and French with Salicylic Acid (SA)
and Polyamine Spermidine (SP)
Foliar Spray. Agronomy 2023, 13, 191.
https://doi.org/10.3390/
agronomy13010191

Academic Editors: Aspasia (Sissy) P.

Efthimiadou and Nikolaos Katsenios

Received: 10 December 2022
Revised: 30 December 2022
Accepted: 5 January 2023
Published: 6 January 2023

Copyright: © 2023 by the authors. Li-
censee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (https://cre-
ativecommons.org/licenses/by/4.0/).

1 Department of Horticulture, The University of Haripur, Haripur 22620, Pakistan

2 Center for Scientific and Technical Research on Arid Regions, Biophysical Environment Station,
Touggourt 30240, Algeria

3 Department of Soil and Environmental Sciences, Faculty of Crop Production Sciences,
The University of Agriculture, Peshawar 25130, Pakistan

4 Department of Environmental Sciences, COMSATS University Islamabad, Vehari Campus,
Vehari 61100, Pakistan

5 Department of Chemical, Pharmaceutical and Agricultural Sciences (DOCPAS), University of Ferrara,
44121 Ferrara, Italy

¢ Department of Weed Science and Botany, Faculty of Crop Protection Sciences,
The University of Agriculture, Peshawar 25130, Pakistan

7 Department of Agricultural, Forest and Food Sciences (DISAFA), University of Turin (UNITO),

10095 Grugliasco, Italy

Correspondence: aftabses98@gmail.com (A.].); silvana.nicola@unito.it (S5.N.)

Abstract: Marigolds (Calendula officinalis L.) are valuable in ornamentation, human food, and other
uses; to enhance productivity, plant growth regulators produce stimulatory effects, including sali-
cylic acid (SA) and spermidine (SP), but there is a lack of scientific evidence about such effects in
marigolds. The study assessed, under greenhouse conditions, changes in physico-chemical param-
eters, enzymatic activity, and bioactive compounds of marigold cvs. Hybrid and French marigolds
were sprayed of SA (1 and 2 mM) and SP (2 and 3 mM) and compared to control (pure water). The
SA at 2 mM improved leaf length (8.20 cm), flower height and diameter (5.32, 8.28 cm), flower fresh
and dry weight (14.30, 1.5 g), and the maximum number of flower petals (55) in “Hybrid’. Similarly,
2 mM SA gave the maximum number of leaves (40.71) and stem thickness (5.76 mm) in ‘French’,
but 3 mM SP promoted the maximum plant height in ‘Hybrid’. Superoxide dismutase, peroxidase,
and catalase activities increased in “Hybrid” with 2 mM SA; with this SA dose, "Hybrid’ had higher
contents of total phenolic compounds (68.34 mg GAE g™), antioxidants (77%), carotenoids (110 mg
100 g), and flavonoids (67.5 mg RE g™) than the control. The best dose for improving growth in
both marigold varieties was 2 mM SA.

Keywords: ornamentals; biostimulants; plant growth regulators; secondary metabolites

1. Introduction

Calendula officinalis L. is an important medicinal and ornamental plant belonging to
the family Asteraceae, known as pot marigold or calendula [1]. Its flowers are usually big
with globular shapes and contain an extensive quantity of healthful elements used to treat
different diseases [2]. Cultivation of marigold plants is easy due to its wide adaptability
and flexibility to various soils and climatic conditions [3]. It has been utilized in modern
medicine, nylons, and dyes industries in raw as well as in processed forms [2].
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With the increased interest in and demand for medical products in various indus-
tries, creative and eco-friendly methods of increasing the quantity and quality of medici-
nal plants are being adopted [4]. Poor flower quality of marigolds is always a serious
problem in the production of these plants. Its flowers produce and store active ingredi-
ents, such as water-soluble carotenoids, flavonoids, essential oil, and mucilaginous com-
pounds [5]. In order to improve production and yield, the world has focused on plant
growth regulators (PGRs) and better nutrient management programs that farmers and
growers should adopt practically in floriculture to improve their quality and yield com-
ponents. PGRs have received widespread recognition for optimizing plant production by
regulating growth and development in different stressing environments [6]. Previous
studies indicate that many experiments had been conducted to encourage ornamental
plant growers by treating the plants with environmentally safe substances, such as gib-
berellic acid, oxalic acid, and salicylic acid [7]. PGRs play a crucial role in flower produc-
tion by promoting, inhibiting, or quantitatively modifying growth and development [6].
Commercially, PGRs are used to reduce apical dominance, slow vegetative development,
induce lateral buds, and produce a large number of flowers in various crops, resulting in
a higher flower yield and ease of cultivation [8,9].

Several examples of plant growth hormones are used to regulate flowering in aro-
matic plants, which quantitatively alters growth and development. For instance, salicylic
acid (SA, 2-hydroxybenzoic acid) is a phenolic compound of hormonal nature produced
by plants and plays an important role in responses to several abiotic stresses and pathogen
attacks [10]. SA has also been studied for its effect on various physiological processes re-
lated to vegetative growth and development of plants under normal conditions (no stress)
[11]. However, published literature reported that SA is an effective endogenous regulator
of flowering plants [12]. Exogenous application of SA enhances various physiological pro-
cesses, such as seed germination, photosynthesis, plant growth, and development [13]. A
genetic study reported that spraying SA on plants during flowering time acts as a regula-
tor that works with both photoperiod-dependent and capable pathways [14]. SA also has
an additional effect on medicinal plants; it promotes the synthesis of secondary metabo-
lites, which increases the medicinal and commercial value of the plant [15]. The applica-
tion of SA in various medicinal plants significantly increased the synthesis of flavonoids
in reactions, such as Matricaria chamomilla [16]. SA also affects some essential antioxidants,
such as peroxidase (POX), catalase (CAT), and superoxide dismutase (SOD) [13].

Spermidine [SP, N-(-3-aminopropyl)-1.4-diaminobutane] is a plant polyamine that
promotes membrane protection under stress conditions. It also coexists with ethylene and
a common precursor known as S-adenosylmethionine, through which they both compete
with ethylene synthesis and are known as anti-aging and anti-stress molecules [17]. Poly-
amines can help in seed germination, tuber dormancy breakdown, rooting regulation,
flower growth and initiation, aging delay, organogenesis, and the response to biotic and
abiotic stresses [18]. Polyamines also function as regulatory molecules in basic biological
processes, such as cell division, differentiation, gene expression, and DNA and RNA syn-
thesis [19]. In addition, SP produced by bacteria may have a main indirect role in the de-
fense of plants from pathogen attacks [20].

There have been many studies related to the effects of elicitors on various physiolog-
ical processes related to the vegetative growth and development of plants. However, there
has been insufficient scientific evidence about the effects of plant growth regulators, espe-
cially polyamines, on biochemical changes in marigolds. Further, it is not clear whether
the exogenous application of SA and SP can significantly ameliorate the growth and phys-
iology of marigold plants. With the growing interest in and demand for medicinal prod-
ucts in various industries, a high-throughput approach to increase the quantity and qual-
ity of medicinal plants such as marigold is considered necessary. Therefore, in the current
study, the effects of phytohormone (i.e., Salicylic acid) and polyamine (i.e., Spermidine)
on growth, flowering, and synthesis of secondary metabolites, enzymatic, and antioxidant
activity of Calendula officinalis plants were evaluated.



Agronomy 2023, 13, 191

3 of 19

2. Materials and Methods
2.1. Experimental Design and Treatments Preparation

The present experiment was conducted under greenhouse conditions at the horticul-
ture nursery, The University of Haripur, Pakistan (72° 54’ 45.7 °E, 33° 58' 41.4° N, and 610
m above sea level) from 7 October 2017 to 14 January 2018. The seeds of ‘Hybrid” and
‘French’ marigold were purchased from a commercial nursery of Haripur, Pakistan.
Nursery of both ‘French” and ‘Hybrid” marigold cultivars occurred by sowing 5-6 seeds,
and when seedlings were 5-7 cm tall with 3—4 leaves, marigold plantlets were trans-
planted to the main pots (5 L), containing a medium made of sand and clay with farmyard
manure (FYM), and maintained at the field water capacity. The experiment was conducted
in triplicate, following a completely randomized design (CRD) in a two-factorial arrange-
ment [exogenous application treatment (T), cultivar (C), and interactions (TxC)] with a set
of 30 pots. There were five application treatments: CK (Control) (Spray water), SA1 (foliar
application of SA 1 mM), SA2 (foliar application of SA 2 mM), SP2 (foliar application of
SP 2 mM), SP3 (foliar application of SP 3 mM). The pots were placed in a greenhouse and
irrigated daily to maintain the substrate at field capacity throughout the experiment. Dur-
ing the experiment, complete fertilizer of NPK at a ratio of 120:90:60 kg ha™! was applied
to all pots. SA and SP were applied by spraying the aerial part of the plants at the four-
leaf stage after each 10 days of interval. A total of 100 mL solution was sprayed to each
plant, each time.

2.2. Vegetative Growth and Floral Examination

A number of 3 plants per treatment of both ‘Hybrid” and ‘French’ were randomly
collected to assess vegetative and floral parameters for each treatment, such as plant
height (cm), leaf length (cm), number of leaves per plant, stem thickness (mm), full bloom
flowers per plant, flowers height (cm), flowers diameter (cm), number of petals per flower,
number of flowers per bud. The flowers were cut at the full flowering stage, separated,
cleaned, and air-dried in the shade for two weeks. The air-dried flowers were crushed into
fine powder and stored in polyethylene pouches until usage in the extraction of marigold
constituents.

2.3. Antioxidant Activity

Total antioxidant activity of the marigold flower heads was measured against 2,2-
diphenyl-1-picryl-hydrazul (DPPH) [21]. About 0.4 g of dried inflorescence sample was
extracted with 4 mL methanol 99% at room temperature. An amount of 100 pg of the
methanolic extract were rapidly mixed with 4 mL methanolic solution of DPPH (40 mgL-",
Sigma-Aldrich, St. Louis, MO, USA). After 50 min incubation in darkness at room temper-
ature, the absorbance of incubated solutions and DPPH was read at 517 nm using the
microplate ELISA reader (Epoch, Biotek industries, Highland Park Winoosly, VT, USA).
The decline in radical concentration indicated the radical scavenging activity of the sam-
ple. The following equation was used to calculate the inhibition percent of DPPH:

% inhibition of DPPH = 100 x [(Abss17 in blank) — (Abss17 in sample)] + (Abssiz in blank)

2.4. Total Phenolic Compound

The Folin—-Ciocalteu (FC) reagent method was used to calculate the total phenolic
compound contents (TPC) as stated by Ainsworth et al. [22]. Each dried inflorescence sam-
ple was dissolved with 100 pL of FC-reagent mL (10% in distilled water) and vortex care-
fully; then Na2COs (700 uL) reagent was dissolved and kept at 25 °C for 1 h. The absorb-
ance of the solution (100 uL) was read at 765 nm. The total phenol content of the samples
was calculated according to standard curves of gallic acid and reported in mg of gallic
acid equivalent (GAE) per g fresh weight (FW).
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2.5. Total Carotenoids Content

Total carotenoids (TC) contents were evaluated in flower heads extract (5 mL), taken
out with 1 mL of pure acetone, then the mixture was standardized for 1 min and kept
warm at 4 °C in darkness until the cap changed white. The uniform structure was centri-
fuged at 16,000x g for 15 min, and 200 uL of supernatant from each tube were sited in 96-
well plates. The reading of absorbance was at 470 nm in a microplate reader (PowerWave
HT, Biotek, Biotek Instruments, VT, USA) [23].

2.6. Total Flavonoids Content

For total flavonoids (TF), flower heads were treated with 2 mL of acetone and there-
after the solution was homogenized for 2 min and placed at 4 °C under shadow. The uni-
form structure was centrifuged at 16,000x g for 16 min, and 200 pL of supernatant from
each tube was taken. Standard curve was drawn using Rutin as standard. Different con-
centrations of Rutin were prepared and the absorbance was read at 510 nm. Total flavo-
noids content of samples was calculated according to standard curves of Rutin and re-
ported as mg of Rutin equivalence (RE) per g fresh weight.

2.7. Qualitative Analysis of the Phytochemicals

The qualitative phytochemical screening of the extracts was performed following the
procedures outlined by Edeoga et al. [24], Orech et al. [25], Sofowora [26], Makkar et al.
[27] to identify the main groups of chemical constituents present in the extracts using the
color reactions.

Test for alkaloids

Mayer’s Test: after filtering, 1 mL extract was treated with 1 mL of Mayer’s chemical
(iodine in potassium iodide), which the formation of red and reddish acceleration indi-
cates the presence of alkaloids.

Test for saponins

Froth Test: The extracts were diluted with 20 mL of distilled water and shaken in a
graduated cylinder for 15 min. A foam layer of about 10 mm was formed, indicating the
presence of saponin.

Test for phytosterols

Salkowski’s Test: Extract (5 mL) was mixed with chloroform (2 mL), and concen-
trated sulphuric acid (3 mL) was carefully added to form a layer. A reddish-brown color-
ation of the inter face was formed to show positive results for the presence of triterpenes.
Test for tannins

Gelatin Test: A total of 5% of gelatin solution to 1 mL of the extract containing the
sodium chloride was added. The formation of white sign indicates the presence of tannins.
Test for flavonoids

Alkaline reagent Test: The development of intense yellow color was detected on ad-
dition of a few drops of sodium hydroxide solution to the test solution, which turns col-
orless after adding a few drops of dilute acid, indicating the presence of flavonoids.

Test for proteins and amino acids

Xanthoproteic Test: The extract was treated with a few drops of concentrated nitric

acid. The formation of yellow color indicates the presence of proteins.
Test for diterpenes
Copper acetate Test: Extracts were dissolved in water and treated with 3-4 drops of

copper acetate solution. The formation of emerald green color indicates the presence of
diterpenes.
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2.8. Antioxidant Enzyme Activities

The petal samples were stored in liquid nitrogen at -30 °C. In a mortar, 1 g of frozen
petals was homogenized with 5 mL of 50 mM potassium phosphate buffer (pH 7.5) con-
taining 1 mM EDTA, 1 mM dithiothreitol, and 2% polyvinyl pyrrolidone (PVP). The ho-
mogenate was centrifuged for 25 min at 15,000x g, and the supernatant was used for SOD,
POD, and CAT assays.

Superoxide dismutase

The superoxide dismutase activity (SOD) was determined according to Fernandez et
al. [28] and was taken on the generation of superoxide radicals by a microbial NADH-
diaphorase, recognized by oxidation of hydroxylamine, soft nitrite, which is measured
calorimetrically with sulphadiazine and naphthyl ethylenediamine. The simultaneous ox-
idation of superoxide radicals by SOD prevents the oxidation of hydroxylamine avoiding
the absorption of these radicals. The SOD reaction was carried out by exposing the mix-
ture to white light for 15 min at room temperature. After 15 min incubation, absorbance
of the solution was measured at 560 nm for both blank and control. SOD activity was
expressed as unit mg' dry weight (DW).

Peroxidase

The extraction of peroxidase (POD) was carried out as described by Berger [29]. The
reaction mixture contained 3 mL 0.1 M phosphate buffer (pH 7.0), 0.05 mL 20 mM guaia-
col, 0.03 mL H20z, and 0.5 mL enzyme. Enzyme action was noticed by an increase in the
absorbance at 436 nm in an electronic 20 spectrophotometer (ultraviolet-2600, Shimadzu,
Japan). POD activity was expressed as a unit mg protein per min.

Catalase

The activity of catalase (CAT) was assayed according to the method of Clairbone [30].
The method was used directly to measure the reduction in absorbance at 240 nm (ultravi-
olet-2600, Shimadzu, Japan) due to H202 intake by CAT. To improve the assessing condi-
tions, relatively low H20: concentrations were used, which were accepted in 50 mM K-
phosphate buffer, pH 7.0, with 10 mM H20:2 at 25 °C. The CAT exact activity was expressed
as absorbance in mg protein per min.

2.9. Statistical Analysis

Results were statistically analyzed by considering cultivar (C), treatment application
(T), and their interaction (CxT) as sources of variation, using two-way analysis of variance
(ANOVA). Statistical differences with P-values under a = 0.05 were considered significant
and comparison of mean values was carried out by applying LSD method using Statistic
8.1 software.

3. Results
3.1. Vegetative Parameters
3.1.1. Plant Height

Statistical analysis of data revealed that exogenous application of treatments at vari-
ous concentrations significantly affected the plant height (cm) of marigold cultivars. Mean
data for plant height among marigold cultivars showed that taller plants (21.5 cm) were
recorded for cv. Hybrid, while shorter plants (17 cm) were observed for cv. French (Figure
1A). Effect of different treatments on plant height of marigold indicated that taller plants
(22.5 cm) were recorded under exogenous application of 3 mM of spermidine (SP3), fol-
lowed by treatments with 2 mM of salicylic acid (SA2) (21.8 cm), while the lowest plant
height (15.5 cm) was observed in control treatment (Figure 1A). The interactive effects of
treatments by cultivars (T x C) significantly affected the plant height of marigold (Table
S1). The highest plant height (24.11 cm) was recorded in ‘Hybrid” plants under exogenous
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application of SP3, while the control plants of ‘French’ marigold gave the lowest plant
height (13.5 cm), followed by ‘French’ cultivar treated with 2 mM spermidine (14.5 cm).
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Figure 1. Effects of foliar application of salicylic acid and spermidine on the vegetative parameters
of two cultivars (Hybrid and French) of marigold plant; (A) plant height, (B) leaves length, (C) num-
ber of leaves plant™, and (D) stem thickness, respectively. CK, control (only water); SA1, salicylic
acid @ 1 mM; SA2, salicylic acid @ 2 mM; SP2, spermidine @ 2 mM; SP3, spermidine @ 3 mM. Capped
bars represent the standard error (n = 3). Letters above the error bars represent the significant vari-
ations among treatments at p < 0.01.

3.1.2. Leaf Length

Results revealed that the exogenous application treatments and cultivar effects on
leaf length were non-significant. However, significant variations for leaf length were
found due to their interaction (T x C) (Table S1). The highest leaf length (8.20 cm) was
recorded in ‘Hybrid’ plants under exogenous application of SA2, while the control plants
of ‘French’ marigold gave the lowest leaf length (3.49 cm), followed by ‘French’ cultivar
treated with 2 mM spermidine (4.48 cm) (Figure 1B).

3.1.3. Number of Leaves per Plant

Analysis of the results showed that the number of leaves per plant was not signifi-
cantly influenced by the various treatments and cultivars. However, significant variations
for number of leaves per plant were found due to their interaction (T x C) (Table S1). The
highest number of leaves per plant (40.71) was recorded in ‘French’ plants under exoge-
nous application of SA2, while the control plants of ‘Hybrid” marigold gave the lowest
value (20.04), followed by ‘Hybrid’ cultivar treated with SA1 (22.73) (Figure 1C).
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3.1.4. Stem Thickness

The multivariate analyses showed significant differences in stem thickness for both
sources of variation (cultivars and treatments). However, the interactions treatments by
cultivars (T x C) were found non-significant (Table S1). Data indicated that exogenously
applied salicylic acid and spermidine caused significant changes in stem thickness of mar-
igold plants. Maximum stem thickness was recorded (5.76 mm) under SA2 treatment (Fig-
ure 1D), while the lowest stems thickness (2.22 mm) was found in ‘Hybrid” marigolds that
had only been sprayed with water (control).

3.2. Reproductive Parameters
3.2.1. Flower Height

Significant variations were found among exogenous application treatments and be-
tween the cultivars on flower height, while interactions between treatments by cultivars
(T x C) had non-significant effect (Table S2). The highest flower height (5.32 cm) was rec-
orded in ‘Hybrid’ marigold, while the lowest flower height (4.80 cm) was recorded in
‘French’” marigold. Greatest flower height (8.01 cm) was obtained under salicylic SA2
treatment, whereas minimum flower height (3.11 cm) was noted in the control treatment
where no growth regulators was applied, not statistically different from SA1 treatment
(Figure 2A).

3.2.2. Bloom Flowers per Plant

Significant variations were detected in treatment and cultivars, while interaction be-
tween (T x C) had a non-significant effect on bloom flowers (Table S2). The maximum
number of blooms flowers plant™ (3.70) was recorded in ‘Hybrid” marigold compared to
‘French’” marigold (3.19). Results showed that more bloom flowers plant™ (6.4) was rec-
orded from SP3 treatments, while the control treatment had the minimum bloom flowers
plant™ (1.95) (Figure 2B).

3.2.3. Flower Diameter

Results revealed that the various treatments and marigold cultivars significantly in-
fluenced the flower diameter, while a non-significant effect was shown in treatments by
cultivars interactions (Table S2). The exogenous application of salicylic acid at 2 mM pro-
duced the highest flower diameter (8.28 cm), followed by foliar sprayed with SP3 (5.71
cm), whereas the lowest value was recorded in the control plant (3.01 cm) (Figure 2C).
‘Hybrid” marigold recorded the highest values of flower diameter with a mean value of
5.23 cm.

3.2.4. Nodes of Flower per Plant

Significant variations were found between treatments and among the marigold cul-
tivars on nodes of flower per plant, while interactions between treatments by cultivars (T
x C) had a non-significant effect (Table S2). The exogenous application of salicylic acid at 2
mM showed the highest results of nodes of flower per plant (11.83), followed by marigold
treated by SP3 (9.80), whereas the lowest value (6.65) was recorded in control plants (Figure
2D). ‘Hybrid’ marigold recorded the highest values of nodes of flower per plant with a mean
of 10.56, while ‘French’ marigold recorded only a mean of 7.12 flower per plant.

3.2.5. Fresh Weight of Flowers

The multivariate analyses showed significant differences in flower fresh weight for
both sources of variation and their interaction (treatment, cultivar, and T x C) (Table S2).
Mean data showed the highest values (7.59 g) for cv. Hybrid, while the lowest values (5.6
g) were observed for cv. French. Effect of different treatments on flower fresh weight in-
dicated that higher values (11.7 g) were recorded under exogenous application of SA2,
followed by treatments with SP3 (7.4 g), while the lowest values (3.9 g) were observed in
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control treatment (Figure 2E). The interaction effects of treatments by cultivars revealed
that “Hybrid” marigold under exogenous application of SA2 produced the highest flower
fresh weight (14.30 g), while the control plants of ‘French’ marigold gave the lowest fresh
weight (3.4 g), although not statistically different from SA1 and SP2 and ‘Hybrid” under
control treatment.

= Hybrid ®French = Hybrid ® French
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a

Figure 2. Effects of foliar application of salicylic acid and spermidine on the floral parameters of two
cultivars (Hybrid and French) of marigold plant: (A) flower height, (B) bloom flower plant™, (C) flower
diameter, (D) number of flower nodes, (E) fresh weight of flower, (F) dry weight of flower, and (G)
number of petals. CK, control (only water); SA1, salicylic acid @ 1 mM; SA2, salicylic acid @ 2 mM; SP2,
spermidine @2 mM; SP3, spermidine @ 3 mM. Capped bars represent the standard error (n = 3). Letters
above the error bars represent the significant variations among treatments at p <0.01.

3.2.6. Dry Weight of Flower

The ANOVA showed significant differences in flower dry weight for both sources of
variation and their interaction (treatment, cultivar, and T x C) (Table S52). The highest value
(1.02 g) was recorded for cv. Hybrid, while the lowest value (0.87 gm) was observed for
cv. French. For the treatments, the highest value (1.31 g) was recorded under exogenous
application of SA2, followed by treatments with SP3 (1.0 g), while the lowest value (0.73
g) was observed in the control treatment. The interaction effects of treatments by cultivars
revealed that ‘Hybrid” marigold under exogenous application of SA2 produced the high-
est flower dry weight (1.5 g), while the control plants of ‘French’ marigold gave the lowest
dry weight (0.69 g), not statistically different from ‘French’ treated with SA1 (0.77 g) or
the ‘Hybrid’ control (0.78 g) (Figure 2F).
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3.2.7. Number of Petals per Flower

Significance variations were found between cultivars, treatments, and their interac-
tion (T x C) for the number of petals per flower (Table S2). Mean data for number of petals
per flower among marigold cultivars showed that the highest values (41.1) were recorded
for cv. Hybrid, while the lowest number of petals per flower (26.7) was observed for cv.
French. For the treatments, the highest value (46) was recorded under exogenous applica-
tion of SA2, followed by treatments with SP3 (40.3) while the lowest values (25.2) were
observed in the control treatment. The interaction effects of treatments by cultivars re-
vealed that ‘Hybrid” marigold under exogenous application of SA2 produced the highest
number of petals per flower (55.1), while the lowest number of petals (17) was recorded
in the control plants of ‘French’ marigold, not statistically different from ‘French’ marigold
(20) treated by 1 mM of salicylic acid (Figure 2G).

3.3. Antioxidant Activity

A significant variation was found between treatments, cultivars, and their interaction
(T x C) for the antioxidant activity, as shown in Figure 3. The highest value of antioxidants
activity (77%) was detected in the flower extract of the ‘Hybrid’ marigold treated with 2
mM of salicylic acid followed by (61%) treated by 2 mM of salicylic acid in “French’ mari-
gold. The lowest value was found in ‘French’ marigold flower extract under control treat-
ment (32%) followed by ‘Hybrid’ marigold under control treatment (37%).

® Hybrid ®French

CK SA1 SA2 Sp2 SP3

Figure 3. Effects of foliar application of salicylic acid and spermidine on the antioxidant activity of
two cultivars (Hybrid and French) of marigold plant. CK, control (only water); SA1, salicylic acid @
1 mM; SA2, salicylic acid @ 2 mM; SP2, spermidine @ 2 mM; SP3, spermidine @ 3 mM. Capped bars
represent the standard error (n = 3). Letters above the error bars represent the significant variations
among treatments at p < 0.01.

3.4. Total Phenolic Compounds

A significant variation was found between treatment, cultivar, and their interaction
(T x C) (Table S3). The higher value of total phenolic compounds (68.34 mg GAE g') was
detected in the flower extract of the ‘Hybrid” marigold treated with 2 mM of salicylic acid
followed by ‘Hybrid’ treated with 3 mM of spermidine (63.2 mg GAE g). The lowest
value was found in the control of ‘French’” marigold flowers extract (30.2 mg GAE g™)



Agronomy 2023, 13, 191

10 of 19

followed by ‘Hybrid” marigold control (33.3 mg GAE g™), not statistically different from
‘French’ treated with SA1 (Figure 4).

m Hybrid ® French
80

a

Total phenolic compound
content (mg GAE g' FW)

CK SAl SA2 SP2 SP3

Figure 4. Effects of foliar application of salicylic acid and spermidine on the total phenolic com-
pound contents in the flower extraction of marigold (cvs. Hybrid and French). CK, control (only
water); SA1, salicylic acid @ 1 mM; SA2, salicylic acid @ 2 mM; SP2, spermidine @ 2 mM; SP3, sper-
midine @ 3 mM. Capped bars represent the standard error (n = 3). Letters above the error bars rep-
resent the significant variations among treatments at p < 0.01.

3.5. Total Carotenoids

A significant variation was found between treatments, cultivars, and their interaction
(TxC) as shown in Figure 5 and Table S3. The highest value of total carotenoids (110.0 mg
100 g') was detected in the flower extract of the ‘Hybrid” marigold treated with 2 mM of
salicylic acid followed by that of ‘French” marigold (89 mg 100 g'), treated by 2 mM of
salicylic acid. The lowest values were found in the control of both cultivars (48 and 53 mg
100 g™), not statistically different from the values found in “Hybrid” at SA1 (51 mg 100 g)
and ‘French’ at SP2 (58 mg 100 g') (Figure 5).

= Hybrid ® French
140 -

Total carotenoids content

CK SA1 SA2 SP2 SP3

Figure 5. Effects of foliar application of salicylic acid and spermidine on the total carotenoids content
in the flower extraction of marigold (cvs. Hybrid and French). CK, control (only water); SA1, sali-
cylic acid @ 1 mM; SA2, salicylic acid @ 2 mM; SP2, spermidine @ 2 mM; SP3, spermidine @ 3 mM.
Capped bars represent the standard error (n = 3). Letters above the error bars represent the signifi-
cant variations among treatments at p < 0.01.
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3.6. Total Flavonoids

Significant variations were found between treatments, cultivars, and their interaction
(T x C) (Table S3). The highest value of total flavonoids (67.5 mg REg™) was detected in
the flower extract of the “Hybrid” marigold treated with 2 mM of salicylic acid followed
by that of "Hybrid" (62.5 mg RE g™) treated with 3 mM of spermidine (Figure 6).

= Hybrid ™ French

h
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[#5)
=1

Total flavonoid content
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e £

CK SA1l SA2 SP2 SP3

Figure 6. Effects of foliar application of salicylic acid and spermidine on the total flavonoid content
in the flower extraction of marigold (cvs. Hybrid and French). CK, control (only water); SA1, sali-
cylic acid @ 1mM; SA2, salicylic acid @ 2 mM; SP2, spermidine @ 2 mM; SP3, spermidine @ 3 mM.
Capped bars represent the standard error (n = 3). Letters above the error bars represent the signifi-
cant variations among treatments at p < 0.01.

3.7. Qualitative Phytochemical Screening

The extracts were subjected to preliminary qualitative tests to identify the various
phytoconstituents present in the flower heads of marigold. The results are presented in
Table 1. The qualitative analysis revealed the presence of the phytochemicals, namely tan-
nins, flavonoids, diterpenes, saponins, phytosterols, alkaloids, and proteins. Phytochem-
ical screening results of marigold showed that ‘Hybrid’ marigold had a significant pres-
ence of flavonoids and phytosterols at 2 mM SA application. At the same time, specific
deficiency of tannins, diterpenes, saponins, and alkaloids were detected at this treatment;
proteins were found at moderate level. On the other hand, in ‘French’ marigold, tannins
and proteins were highly detected at 2 mM SA application. Phytosterols were highly de-
tected with application of 2 mM SP in ‘French’ marigold (Table 1).

Table 1. Qualitative phytochemical screening of the selected Hybrid and French marigold. CK, con-
trol (only water); SA1, salicylic acid @ 1 mM; SA2, salicylic acid @ 2 mM; SP2, spermidine @ 2 mM;
SP3, spermidine @ 3 mM.

Treatment  Tannins  Flavonoids Diterpenes  Saponins Phytosterols Alkaloids  Proteins
Hybrid marigold
CK - ++ - - ++ - ++
SA1 ++ ++ ++ ++ ++ - +++
SA2 - +++ - - +++ - ++
SP2 ++ ++ ++ ++ ++ ++ +++
SP3 - ++ ++ - - ++ ++

French marigold

CK

— — ++ — — —
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SA1l
SA2
SpP2
SP3

++
+++

++

++

+++ - ++ ++ ++ ++

- - - - - ++
++ ++ ++ +++ ++ ++
++ ++ ++ - ++ ++

+++ indicate strong presence, ++ indicates moderate presence, — indicates absence.

3.8. Antioxidant Enzymes

Significant difference was found between treatments, cultivars, and their interaction
(T x C) (Table S4), linking metabolic enzyme activities and secondary metabolites at the
levels of salicylic acid treatments. The results showed strong positive relationships be-
tween superoxide dismutase activities and secondary metabolites content, where the
highest value of SOD (12.8 unit mg' DW) was observed in ‘Hybrid” marigold flowers
sprayed by 2 mM of salicylic acid (Figure 7A). Spraying marigold flowers with SA at 2
mM yielded the highest value of SOD, with a mean between the two cultivars of 11.4 unit
mg~ DW and an increase of nearly 51% over the control.

Peroxidase activity enhanced significantly (p < 0.05) using growth regulators com-
pared to the control treatment. The results showed highly positive interactions between
peroxidase activities and secondary metabolites content in SA at 2 mM foliar treatments.
Hybrid marigold recorded the highest value of peroxidase activities (11.9 unit mg pro-
tein) (Figure 7B). Spraying marigold flowers with SA at 2 mM yielded the highest value
of peroxidase activities with a mean between the two cultivars of 10.5 unit mg~ protein
and an increase of nearly 47% over the control, whereas the lowest values of peroxidase
activities were found in control treatments with a mean between the two cultivars of 55.5
unit mg! protein (Figure 7B)

Catalase activities enhanced significantly (p < 0.05) using growth regulators com-
pared to the control treatment. Salicylic acid concentration of 2 mM recorded the highest
catalase activities values in “Hybrid’ marigold flowers (12.9 unit mg-! protein) with a mean
between the two cultivars of 11.5 unit mg protein and an increase of nearly 50% over the
control. The lowest value of catalase activities values was recorded in the control treat-
ments (43 unit mg! protein) (Figure 7C).
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Superoxide dismutase
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Figure 7. Effects of foliar application of salicylic acid and spermidine on the activities of (A) super-
oxide dismutase, (B) peroxidase, and (C) catalase. CK, control (only water); SA1, salicylic acid @ 1
mM; SA2, salicylic acid @ 2 mM; SP2, spermidine @ 2 mM; SP3, spermidine @ 3 mM. Capped bars
represent the standard error (n = 3). Letters above the error bars represent the significant variations
among treatments at p < 0.01.
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4. Discussion

Plant height increased by applying SP (3 mM) compared to control treatments, which
were without SA and SP application. This may be due to the high level of SP presence in
the youngest vascular tissues, which preceded their change to high cell division and in-
creased nitrogen accumulation in plant shoots. The results are in accordance with the find-
ings of Chen et al. [31], who reported that the nitrogen contents are generally increased
with the application of SP, which are necessary for growth and development in most
flower crops. Similarly, Tiburcio and Alcazar [20] reported that the foliar application of
SP has been known to affect many biochemical and physiological processes and improve
vegetative growth due to its effect on cell division, cell elongation, and enzymes activity.
In the present work, the highest leaf length was recorded by SA at 2 mM. Interestingly,
SA is an important phenolic phytohormone which conspicuously enhances signaling
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pathways, improvements in biochemical processes, and biosynthesis of different enzy-
matic actions [13]. Furthermore, the findings of Gorni et al. [32] also evidenced that SA is
an efficient elicitor in the production of secondary metabolites, which enhanced plant aer-
ial and root biomass of Achillea millefolium.

The exogenous application of SA (2 mM) prominently increased the number of leaves
compared to the control. SA application was most effective on the number of leaves due
to the close relationship between leaf and growth regulators. SA is a vital secondary me-
tabolite naturally produced by plants that plays an important role in growth, expected to
associate phytohormone, chlorophyll concentration, and photosynthetic rate [13]. It was
previously reported that SA increases the number of leaves due to cell division enhanced
by plant growth regulators, which increase stem elongation, bud and leaf formation, etc.
[5]. Similarly, the work of Youssef et al. [33] confirmed that foliar applications of calcium
chloride and SA significantly increased vegetative growth parameters, such as plant
length, number of leaves, and chlorophyll content of Lactuca sativa.

Foliar application of SA showed a positive effect on stem thickness in French mari-
gold cultivar. Our results are supported by previous work reporting that SA application
increased the stem thickness and regulates flowering time and development [14]. The
highest bloom flowers were recorded in the Hybrid marigold cultivar treated with 3 mM
of SP, significantly higher than the control, possibly due to SP effects on the physiology of
flowering and metabolite production; these findings corroborate previously reported re-
sults that reported that high levels of foliar application of SP and their conjugates have
been created in apical shoots and meristems before flowering [31]. In the present study,
maximum flower height was observed in “‘Hybrid’ marigold treated with 2 mM of SA with
a significant difference compared to the control. The findings of Soltani et al. [34] also
revealed that application of SA in combination with thiamine increased the number of
flowering stems in Calendula officinalis. Our results are in line with other findings reporting
that SA could affect the exact expression of the factor’s protein, which is essential for flow-
ering stimulation [12,13]. Therefore, exogenous application of biologically active com-
pounds, such as SA, can be an alternative approach to improving crop productivity and
is also beneficial under stress conditions, particularly heat stress and climate change [35].
Hence, the replacement of synthetic chemicals with natural plant hormones of phenolic
nature could be an explicit remedy for reducing plant stress and an excellent option from
economic and environmental perspectives.

The highest value of flower diameter was observed in ‘Hybrid” marigold treated with
2 mM of SA. The increase in flower diameter in the present study is corroborated by the
work of Martinez et al. [14]. They reported that SA increases flower diameter due to sig-
naling pathway activity early in petal development to increase their size. The findings of
Bayat et al. [36] also revealed that foliar application of SA significantly increased flower
diameter of Calendula arvensis as compared to non-treated plants and under salinity stress.
In a recent finding, it has been reported that SA prominently increased the flower diame-
ter of two cultivars of African marigold [6].

The maximum value of nodes of flowers per plant was recorded in ‘Hybrid” marigold
treated with 2 mM of SA. SA acts as signaling molecule of plants under the influence of
various biotic and abiotic stresses in marigold, which exerts stimulatory effect on the
physiology of plants [3]. Furthermore, foliar application of SA contributes to a rapid trans-
location of assimilate to sink under the influence of phytohormones, which facilitates in-
stant cell division and increased number of internodes and flowers [13,37].

In this study, maximum fresh weight of marigold flowers was recorded in SA 2 mM
treatment; this could be due to SA preventing vascular blockage due to its antimicrobial
action [16]. Our results confirm various research studies [38,39] that reported that SA in-
creases water uptake and reduces transpiration level, which increases the fresh weight of
cut flowers. The maximum dry weight of flowers was observed in ‘French’ marigold
treated with 2 mM SA. In a similar study, the findings of Basit et al. [3] suggested that
exogenous application of SA before flowering stage significantly increased fresh weight
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of marigold flowers. Further findings suggest that SA increases vitamin E in plants, a po-
tent antioxidant which increases dry weight of flowers, leaves, and other plant parts [16].
Similarly, it has been reviewed that plant growth regulators, such as SA, increase the dry
weight in plants due to the attribute effect of components upon the endogenous phyto-
hormones, especially the plant growth promoters, i.e., auxins, gibberellins, and cyto-
kinin’s [40]. Our results also corroborated the work carried out by Saeed et al. [38], as they
examined the effects of SA on gladiolus cut flowers and found that the highest levels of
SA retained higher fresh weight and increased the number of florets as compared to con-
trol. Proper growing substrates are essential for quality flower production as well as the
supply of nutrients and water. In our study, the maximum number of petals was recorded
in ‘French’ marigold treated with exogenous application of 2 mM SA. It was recently re-
ported that the positive regulatory effect of SA on stomatal closure improves water reten-
tion, which increases petal number and quality [16].

The DPPH assay is a preliminary test used to determine the antioxidant capacity of
a sample. It has been widely used to assess the ability of various samples to scavenge free
radicals [41]. Plants treated with 2 mM of SA showed the highest total antioxidant activity.
Our results are comparable with those of Akshaya et al. [42], that reported that flowers of
Calendula officinalis had 68 to 82% of DPPH inhibition.

Polyphenols and flavonoids have many physiological functions related to plant sur-
vival and are produced naturally during plant growth and development to self-protect
plants from biotic and abiotic stresses [43]. Our results are comparable with those of Gong
et al. [44], who reported that the total phenolics content of dried marigold residue extracts
ranged from 8.50 to 62.36 mg GAE g and the total flavonoids content ranged from 19.04
to 97.00 mg RE g'. Furthermore, it has been reported that flowers of C. Officinalis (Mari-
gold) had 45 to 76 mg RE g! DW of flavonoid content [45]. The exogenous application of
either SA or SP plays an important role in the accumulation of secondary metabolites in
plants [46], acting on plant defense signal transduction pathways through the expression
of defense-related genes, especially those involved in the phenolic compound’s biosyn-
thesis, thus increasing their levels in plants [47]. Our results show that the application of
SA or SP significantly influenced the biochemical constituents of marigold flower. Such
results were in accordance with those stated by Kim et al. [48], who reported a significant
increase in total flavonoid contents of marigold flower with the application of SA. Simi-
larly, other works further confirmed the positive effect of SA on total phenolic compounds
of plants [10,13]. Our results showed significantly higher values for total phenolic com-
pounds with the application of SA 2 mM treatment in ‘Hybrid” marigold than the control;
thus, this can be linked to its biosynthesis chemical alternation, which can improve the
production of altered groups of secondary metabolites, such as terpenes, alkaloids, flavo-
noids, and phenolic compounds [2]. Foliar application of salicylic acid has significant ef-
fects on plant secondary metabolites and found a positive linear relationship between
phenolic content and salicylic acid concentrations [49].

High carotenoid content helps plants to maintain higher rates of photosynthesis and
photosystem II activity [13,50]. In another study, marigold genotypes were evaluated and
reported a range for carotenoid content from 19 to 525 mg 100 g [42]. Apparently, the
increase in pigments, particularly chlorophyll and carotenoids, is directly related to the
photosynthetic performance of plants and could ultimately contribute to an upsurge in
plant growth [51]. Carotenoids also play an important photoprotective role by removing
reactive oxygen species (ROS) and suppressing lipid peroxidation [52]. In this study, the
foliar application of SA at 2 mM concentration significantly increased carotenoid contents
of marigold cultivars. Previous findings evidenced that exogenous application of SA in-
creases carotenoids levels in plants and play an important role in photosynthesis and pho-
toprotection [12].

Superoxide dismutase activity was found to be the highest in 2 mM of SA treatment
in ‘Hybrid” marigold. These results are supported by the findings of Saeed et al. [38], that
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revealed that exogenous application of SA significantly increased the activities of antiox-
idant enzymes, i.e., SOD, POD, CAT. These antioxidants are very potent in supporting the
capacity of scavenging reactive oxygen species (ROS) and improve stress resistance.
Moreover, SA induced an increase in POD activities which are helpful for the growth of
triterpenoids and flavonoids. In a similar study, Xin et al. [53] reported that antioxidant
enzymes POD and SOD might be complex in gathering secondary metabolites, which is
widely understood as part of plants defense and stress responses. Our results are similar
to those of Janda et al. [12,13] who reported that endogenous and exogenous application
of SA induce both gene expression and the enzymatic activity of POD. Catalase activities
(CAT) were found to be best in SA 2mM treatment in ‘Hybrid” marigold. In a similar
study, Mallahi et al. [54] reported that SA significantly boosts the catalase activity in
Tanacetum parthenium and causes higher tolerance in plants under salinity stress than SA-
untreated plant. Apparently, this higher action of CAT in plants plays an important role
in cell wall resistance, besides signaling the expression of various plant self-protective
genes and one of the essential enzymes that can keep cells from oxidative injury by scav-
enging responsive oxygen species [14].

Medicinal plants are rich in secondary metabolites that represent different chemical
classes and are synthesized through different biochemical pathways [55]. These secondary
metabolites accumulate in plant organs through regulatory and biochemical mechanisms,
thereby enabling plants to adapt to environmental changes, such as biotic and abiotic
stresses [56]. The results of phytochemical screening of marigold leaf extracts showed that
marigold leaves contain alkaloids, anthocyanins, beet anthocyanins, cardiac glycosides,
coumarins, flavonoids, glycosides, phenols, quinones, saponins, steroids, terpenes, and
tannins. Marini et al. [57] showed that marigold leaves contain alkaloids, flavonoids, sap-
onins, and tannins. According to Devika and Koilpillai [58], marigold leaves were found
to contain cardiac glycosides, phenols, and coumarins. In addition, marigold leaves con-
tain glycosides and terpenoids [59,60]. The results of qualitative tests showed that ‘Hy-
brid” calendula had significant flavonoids and phytosterols when 2 mM SA was applied.
On the other hand, in ‘French’ marigolds, tannins and proteins were strongly detected by
application of 2 mM SA. Various abiotic and biotic elicitors increased the concentration of
secondary metabolites. SA also plays an important role in triggering these metabolites
[61]. Exogenous application of SA has also been considered as an efficient, cheap, envi-
ronmentally friendly, and rapid strategy to enhance the synthesis and accumulation of
secondary metabolites in plants [61].

5. Conclusions

We achieved the aim of increasing the quantity and quality of medicinal plants like
Calendula officinalis. In the current study, we evaluated the effects of phytohormones (i.e.,
salicylic acid) and polyamines (i.e., spermidine) on growth, flowering, and synthesis of
secondary metabolites, enzymatic, and antioxidant activity of marigold plants. This study
clearly indicated that foliar spray of SA and SP positively affected all the studied vegeta-
tive and flowering growth traits of marigold plants. On the other hand, secondary metab-
olites, antioxidants, and carotenoids content of the plant of the cv. Hybrid of marigold
plant increased by application of salicylic acid in the floral extract. Following the treat-
ment of salicylic acid at 2 mM, the enzyme’s activity (SOD, CAT, and POD) was also sig-
nificantly improved. Based on the results of the present study, it seems that the application
of salicylic acid constitutes a valuable crop management technique to promote the pro-
duction of inflorescences and bioactive ingredients in the cultivation of marigold, as well
as to enhance the medicinal particularity of marigold.
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Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/agronomy13010191/s1. Table S1: Analysis of variance calcu-
lated for the vegetative parameters of two cultivars (Hybrid and French) of marigold plant. Table
S52: Analysis of variance calculated for the floral parameters of two cultivars (Hybrid and French) of
marigold plant. Table S3: Analysis of variance calculated for the total phenolic, carotenoids, and
flavonoid contents from flower extraction of marigold (cvs. Hybrid and French). Table S4: Analysis
of variance calculated for the activities of superoxide dismutase, peroxidase, and catalase.

Author Contributions: Conceptualization, S.A., W.A. and A.].; methodology, A.]., W.A. and M.E.S,;
software, M.F., A.M. and A.].; validation, E.R., N.M. and A.M,; formal analysis, S.A., A.J. and M.E.S,;
investigation, S.A., W.A. and A.],; resources, M.F.S.; data curation, A.J.,, AM., N.M. and M.F.; writ-
ing—original draft preparation, S.A., A M. and A.].; writing—review and editing, A.]., AM., M.E.S,,
E.R. and S.N,; visualization, A.M. and A.].; supervision, W.A. and M.E.S.; project administration,
W.A. and M.E.S; funding acquisition, S.N., M.F.S. and A.]. All authors have read and agreed to the
published version of the manuscript.

Funding: This study did not receive external funding.

Data Availability Statement: The data presented in this study are available on request from the first
corresponding author.

Acknowledgments: The authors thank the Higher Education Commission (HEC) of Pakistan for
financial support. This study was also financially assisted by HEC, Pakistan, under HEC Project.
Ref No. 20-15833/NRPU/R&D/HEC.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Sobati-Nasab, Z.; Alirezalu, A.; Noruzi, P. Effect of foliar application of nickel on physiological and phytochemical
characteristics of pot marigold (Calendula officinalis). ]. Agric. Food Res. 2021, 3, 100108.

2. Manivannan, A.; Narasegowda, S.; Prakash, T. Comparative study on color coordinates, phenolics, flavonoids, carotenoids, and
antioxidant potential of marigold (Tagetes sp.) with diverse colored petals. ]. Food Meas. Charact. 2021, 15, 4343-4353.

3.  Basit, A,; Shah, K.;; Rahman, M.U.; Xing, L.; Zuo, X.; Han, M.; Alam, N.; Khan, F.; Ahme, I.; Khalid, M.A. 15. Salicylic acid an
emerging growth and flower inducing hormone in marigold (Tagetes sp. L.). Pure Appl. Biol. 2018, 7, 1301-1308.

4. Nwafor, I; Nwafor, C.; Manduna, I. Constraints to cultivation of medicinal plants by smallholder farmers in South Africa.
Horticulturae 2021, 7, 531.

5. Gazim, Z.C,; Rezende, C.M,; Fraga, S.R.; Svidzinski, T.I.E.; Cortez, D.A.G. Antifungal activity of the essential oil from Calendula
officinalis L. (Asteraceae) growing in Brazil. Braz. ]. Microbiol. 2008, 39, 61-63.

6. Sadique, S.; Ali, M.M.; Usman, M.; Hasan, M.U.; Yousef, A.F.; Adnan, M.; Gull, S.; Nicola, S. Effect of foliar supplied PGRs on
flower growth and antioxidant activity of African marigold (Tagetes erecta L.). Horticulturae 2021, 7, 378.

7. Jowkar, M.M,; Salehi, H. Effects of different preservative solutions on the vase life of cut tuberose flowers at usual home
conditions. In Proceedings of the VIII International Symposium on Postharvest Physiology of Ornamental Plants, Wageningen,
The Netherlands, 10-14 August 2003; Volume 669, pp. 411-416.

8.  Pawar, A,; Saraladevi, D.; Kannan, M.; SabirAhamed, A. Effect of micronutrients and plant growth regulators on growth,
flowering and yield attributes of marigold (Tagetes erecta L.). Madras Agric. |. 2019, 106, 1.

9. Ali, M.\M,; Anwar, R,; Malik, A.U; Khan, A.S.; Ahmad, S.; Hussain, Z.; Hasan, M.U.; Nasir, M.; Chen, F. Plant growth and fruit
quality response of strawberry is improved after exogenous application of 24-epibrassinolide. . Plant Growth Regul. 2022, 41,
1786-1799.

10. Bauters, L.; Stojilkovi¢, B.; Gheysen, G. Pathogens pulling the strings: Effectors manipulating salicylic acid and
phenylpropanoid biosynthesis in plants. Mol. Plant Pathol. 2021, 22, 1436-1448.

11. Qidwai, T.; Shreeya, T.; Saha, S.; Sharma, M. Functional Defense Signals in Plants. In Microbial Metatranscriptomics Belowground;
Springer: Berlin/Heidelberg, Germany, 2021; pp. 543-556.

12. Janda, T.; Gondor, K.O.; Pal, M.; Szalai, G. Salicylic Acid Signalling under Stress Conditions in Plants. In Jasmonates and
Salicylates Signaling in Plants; Springer: Berlin/Heidelberg, Germany, 2021; pp. 255-264.

13.  Arif, Y.; Sami, F.; Siddiqui, H.; Bajguz, A.; Hayat, S. Salicylic acid in relation to other phytohormones in plant: A study towards
physiology and signal transduction under challenging environment. Environ. Exp. Bot. 2020, 175, 104040.

14. Martinez, C; Pons, E.; Prats, G.; Leon, J. Salicylic acid regulates flowering time and links defence responses and reproductive
development. Plant ]. 2004, 37, 209-217.

15. Nandy, S.; Hazra, A.K,; Pandey, D.K,; Ray, P.; Dey, A. Elicitation of industrially promising vanillin type aromatic compound 2-

hydroxy 4-methoxy benzaldehyde (MBAID) yield in the in-vitro raised medicinal crop Hemidesmus indicus (L.) R. Br. by methyl
jasmonate and salicylic acid. Ind. Crops Prod. 2021, 164, 113375.



Agronomy 2023, 13, 191 18 of 19

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

Abbasi, B.H.; Ullah, M.A; Nadeem, M.; Tungmunnithum, D.; Hano, C. Exogenous application of salicylic acid and gibberellic
acid on biomass accumulation, antioxidant and anti-inflammatory secondary metabolites production in multiple shoot culture
of Ajuga integrifolia Buch. Ham. ex D. Don. Ind. Crops Prod. 2020, 145, 112098.

Sood, S.; Nagar, P. Post-harvest alterations in polyamines and ethylene in two diverse rose species. Acta Physiol. Plant 2008, 30,
243-248.

Yousefi, F.; Jabbarzadeh, Z.; Amiri, J.; Rasouli-Sadaghiani, M.H. Response of roses (Rosa hybrida L."Herbert Stevens’) to foliar
application of polyamines on root development, flowering, photosynthetic pigments, antioxidant enzymes activity and NPK.
Sci. Rep. 2019, 9, 16025.

Alcazar, R.; Altabella, T.; Marco, F.; Bortolotti, C.; Reymond, M.; Koncz, C.; Carrasco, P.; Tiburcio, A.F. Polyamines: Molecules
with regulatory functions in plant abiotic stress tolerance. Planta 2010, 231, 1237-1249.

Tiburcio, A.F.; Alcazar, R. Potential applications of polyamines in agriculture and plant biotechnology. In Polyamines; Humana
Press: New York, NY, USA, 2018; pp. 489-508.

Amira, E.A ; Behija, S.E.; Beligh, M.; Lamia, L.; Manel, I.; Mohamed, H.; Lotfi, A. Effects of the ripening stage on phenolic profile,
phytochemical composition and antioxidant activity of date palm fruit. J. Agric. Food Chem. 2012, 60, 10896-10902.

Ainsworth, E.A.; Rosenberg, M.S.; Wang, X. Meta-analysis: The past, present and future. New Phytol. 2007, 176, 742-745.
Lichtenthaler, H.K.; Buschmann, C. Chlorophylls and carotenoids: Measurement and characterization by UV-VIS spectroscopy.
Curr. Protoc. Food Anal. Chem. 2001, 1, F4.3.1 - F4.3.8.

Edeoga, H.O.; Okwu, D.; Mbaebie, B. Phytochemical constituents of some Nigerian medicinal plants. Afr. ]. Biotechnol. 2005, 4,
685-688.

Orech, F.O.; Akenga, T.; Ochora, J.; Friis, H.; Aagaard-Hansen, ]J. Potential toxicity of some traditional leafy vegetables
consumed in Nyang'oma Division, Western Kenya. Afr. J. Food Agric. Nutr. Dev. 2005, 5, 1. https://doi.org/10.18697/ajfand.8.1575.
Soforowa, E. Medicinal Plants and Traditional Medicine in Africa; John Willey & Sons: New York, NY, USA, 1982.

Makkar, H.P.; Blimmel, M.; Borowy, N.K.; Becker, K. Gravimetric determination of tannins and their correlations with chemical
and protein precipitation methods. J. Sci. Food Agric. 1993, 61, 161-165.

Fernandez, C.; San Miguel, E.; Fernandez-Briera, A. Superoxide dismutase and catalase: Tissue activities and relation with age
in the long-lived species Margaritifera margaritifera. Biol. Res. 2009, 42, 57-68.

Berger, R. Methods of enzymatic analysis. Volume III “Enzyme 1: Oxidoreductases, Transferases”. Weinheim/Deerfield Beach,
Florida/Basel: Verlag Chemie 1983., 605 S., 18 Abb., 43 Table 224 DM (wenn alle Béande), 258 DM (Einzelband). Engineering 1984,
4, 346-346.

Clairbone, A. Catalase activity. In Handbook of Methods for Oxygen Radical Research; CRC Press: Boca Raton, FL, USA, 1985; pp.
283-284.

Chen, T.; White, J.F.; Li, C.; Nan, Z. Exogenous spermidine enhances Epichloé endophyte-induced tolerance to NaCl stress in
wild barley (Hordeum brevisubulatum). Plant Soil 2021, 468, 77-95.

Gorni, P.H.; Pacheco, A.C.; Moro, A.L;; Silva, ].F.A.; Moreli, R.R.; de Miranda, G.R.; Pelegrini, ].M.; Spera, K.D.; Junior, J.L.B.;
da Silva, RM.G. Salicylic acid foliar application increases biomass, nutrient assimilation, primary metabolites and essential oil
content in Achillea millefolium L. Sci. Hortic. 2020, 270, 109436.

Youssef, S.; Abd Elhady, S.A.E.; Abu El-Azm, N.A.IL; El-Shinawy, M.Z. Foliar application of salicylic acid and calcium chloride
enhances growth and productivity of lettuce (Lactuca sativa). Eqypt. ]. Hort. 2017, 44, 1-16.

Soltani, Y.; Saffari, V.R.; Maghsoudi Moud, A.A. Response of growth, flowering and some biochemical constituents of Calendula
officinalis L. to foliar application of salicylic acid, ascorbic acid and thiamine. J. Ethno-Pharm. Prod. 2014,1(1), 37-44.

Janda, T.; Szalai, G.; Pal, M. Salicylic acid signalling in plants. Int. ]. Mol. Sci. 2020, 21, 2655.

Bayat, H.; Alirezaie, M.; Neamati, H. Impact of exogenous salicylic acid on growth and ornamental characteristics of calendula
(Calendula officinalis L.) under salinity stress. ]. Stress Physiol. Biochem. 2012, 8, 258-267.

Narute, T.; Parulekar, Y.; Narute, T. Effect of plant growth regulators on yield and yield attributing character of marigold cv.
Calcutta Marigold under Konkan conditions. Int. |. Curr. Microbiol. Appl. Sci. 2020, 9, 3998—-4005.

Saeed, T.; Hassan, L.; Abbasi, N.A; Jilani, G. Antioxidative activities and qualitative changes in gladiolus cut flowers in response
to salicylic acid application. Sci. Hortic. 2016, 210, 236-241.

Alaey, M.; Babalar, M.; Naderi, R.; Kafi, M. Effect of pre-and postharvest salicylic acid treatment on physio-chemical attributes
in relation to vase-life of rose cut flowers. Postharvest Biol. Technol. 2011, 61, 91-94.

Mubarik, M.S.; Khan, S.H.; Sajjad, M.; Raza, A.; Hafeez, M.B.; Yasmeen, T.; Rizwan, M.; Ali, S.; Arif, M.S. A manipulative
interplay between positive and negative regulators of phytohormones: A way forward for improving drought tolerance in
plants. Physiol. Plant 2021, 172, 1269-1290.

Shimoji, Y.; Tamura, Y.; Nakamura, Y.; Nanda, K; Nishidai, S.; Nishikawa, Y.; Ishihara, N.; Uenakai, K.; Ohigashi, H. Isolation
and identification of DPPH radical scavenging compounds in Kurosu (Japanese unpolished rice vinegar). J. Agric. Food Chem.
2002, 50, 6501-6503.

Akshaya, H.; Namita, K.P.S.; Saha, S.; Panwar, S.; Bharadwaj, C. Determination and correlation of carotenoid pigments and
their antioxidant activities in marigold (Tagetes sp.) flowers. Indian |. Agric. Sci. 2017, 87, 390-396.

Verma, N.; Shukla, S. Impact of various factors responsible for fluctuation in plant secondary metabolites. . Appl. Res. Med.
Aromat Plants 2015, 2, 105-113.



Agronomy 2023, 13, 191 19 of 19

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Gong, Y.; Hou, Z.; Gao, Y.; Xue, Y.; Liu, X; Liu, G. Optimization of extraction parameters of bioactive components from defatted
marigold (Tagetes erecta L.) residue using response surface methodology. Food Bioprod. Process. 2012, 90, 9-16.

Oueslati, A.; Rigane, G.; Ghazghazi, H.; Salem, R.B.; Hamdi, S.; Hannachi, M.; Jouili, H.; L’ammari, Y. Phenolic content,
antioxidant and antimicrobial activities of Trachyspermum ammi aerial parts growing wild in the north of Tunisia. ]. New Sci.
2016, 25, 1151-1160.

Baenas, N.; Ferreres, F.; Garcia-Viguera, C.; Moreno, D.A. Radish sprouts—Characterization and elicitation of novel varieties
rich in anthocyanins. Food Res. Int. 2015, 69, 305-312.

Baenas, N.; Garcia-Viguera, C.; Moreno, D.A. Elicitation: A tool for enriching the bioactive composition of foods. Molecules 2014,
19, 13541-13563.

Kim, Y.H.; Hamayun, M.; Khan, A.L.; Na, C.I; Kang, 5S.M.; Han, H.H.; Lee, I. Exogenous application of plant growth regulators
increased the total flavonoid content in Taraxacum officinale Wigg. Afr. ]. Biotechnol. 2009, 8(21), 5727-5732.
https://doi.org/10.5897/AJB09.927.

Osama, S.; El Sherei, M.; Al-Mahdy, D.A.; Bishr, M.; Salama, O. Effect of salicylic acid foliar spraying on growth parameters, y-
pyrones, phenolic content and radical scavenging activity of drought stressed Ammi visnaga L. plant. Ind. Crops Prod. 2019, 134,
1-10.

Dong, J.Z.; Wang, Y.; Wang, S.H.; Yin, L.P.; Xu, G.J.; Zheng, C.; Lei, C.; Zhang, M.Z. Selenium increases chlorogenic acid,
chlorophyll and carotenoids of Lycium chinense leaves. . Sci. Food Agric. 2013, 93, 310-315.

Junior, G.S.C.; de Lima, R.d.L.S.; Gheyi, H.R; Carvalho, ]JM.F.C.; Soares, M.R.A ; Sofiatti, V. Physiological aspects of castor bean
cv. BRS Energia in response to foliar application of gibberellic and salicylic acid. Aust. . Crop Sci. 2016, 10, 193-198.

Gill, S.S.; Tuteja, N. Reactive oxygen species and antioxidant machinery in abiotic stress tolerance in crop plants. Plant Physiol.
Biochem. 2010, 48, 909-930.

Xin, P.; Shuang-Lin, Z.; Jun-Yao, H.; Li, D. Influence of rare earth elements on metabolism and related enzyme activity and
isozyme expression in Tetrastigma hemsleyanum cell suspension cultures. Biol. Trace Elem. Res. 2013, 152, 82-90.

Mallahi, T.; Saharkhiz, M.].; Javanmardi, J. Salicylic acid changes morpho-physiological attributes of feverfew (Tanacetum
parthenium L.) under salinity stress. Acta Ecol. Sin. 2018, 38, 351-355.

El-Lakany, A. medicinal plants ‘stress factors: Effects on metabolites and novel perspectives for tolerance. BAU ].-Health
Wellbeing 2022, 5, 6.

Ncube, B.; Finnie, J.; Van Staden. Quality from the field: The impact of environmental factors as quality determinants in
medicinal plants. S. Afr. |. Bot. 2012, 82, 11-20.

Marini, M.; Ni’'mah, T.; Mahdalena, V.; Komariah, R.H.; Sitorus, H. Potensi Daya Tolak Ekstrak Daun Marigold (Tagetes erecta
L.) terhadap Nyamuk Aedes aegypti. Balaba ]. Litbang Pengendali. Penyakit Bersumber Binatang Banjarnegara 2018, 14, 53-62.
Devika, R.; Koilpillai, J. Phytochemical screening studies of bioactive compounds of Tagetes erecta. Int. |. Pharm. Bio. Sci. 2012, 3,
596-602.

Thorat, S.S.; Shirote, P. Isolation, Phytochemical Screening and Pharmacological Evaluation of Tagetes erecta Leaves Extract. Int.
Res. |. Pharm. Med. Sci. 2019, 2, 57-59.

Ali, S; Ali, K; Hussain, Z.; Khan, M.S.; Khan, W.M.; Wali, S.; Shuaib, M. Phytochemical screening and antimicrobial activity of
selected medicinal plant species. Pure Appl. Biol. 2017, 6, 418-425.

Ali, B. Salicylic acid: An efficient elicitor of secondary metabolite production in plants. Biocatal. Agric. Biotechnol. 2021, 31, 101884.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury
to people or property resulting from any ideas, methods, instructions or products referred to in the content.



