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Abstract
Marigold flowers have great importance in the horticultural sector as an ornamental plant that is used not only in flavoring
of foods, but is also important in the pharmaceutical and medicinal industries. The current study was carried out in pots
under greenhouse conditions to evaluate the response of marigold plants to foliar application of salicylic acid (SA) and
potassium humate (KH) using two growth media. Physiological and biochemical parameters were extensively evaluated
along with the oil and beta carotene production potential of marigold plants. Different concentrations of SA (50, 100, 150,
and 200mg L–1) and KH (500, 1000, 1500, and 2000mg L–1) were applied as foliar application in different soil growth
media. Applied SA and KH treatments significantly increased all studied vegetative growth parameters except plant height,
which remained nonsignificant. Enzymatic antioxidant activities were also enhanced under applied treatments of SA and
KH. These activities were increased in the case of KH up to 1500mg L–1, whereas this trend was recorded up to 200mg L–1

in the case of SA with the exception of catalase. Photosynthetic parameters and chlorophyll fluorescence were decreased
with increased doses of SA up to 200mg L–1, but this trend was typically the opposite for KH in both growth media.
The oil productivity of marigold flowers increased up to 100 and 1000mg L–1 of SA and KH, respectively, whereas the
highest oil yield was recorded after application 1000mg L–1 of KH. Therefore, production of marigold flowers could be
achieved using poor growth media like sand, and further studies concerning different alternative growth media, particularly
ecofriendly and cheap materials, are needed.
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Biochemische und physiologische Reaktion der Ringelblume (Tagetes erecta L.) auf die
Blattapplikation von Salicylsäure und Kaliumhumat bei unterschiedlichen Bodensubstraten

Zusammenfassung
Ringelblumen haben im Gartenbau eine große Bedeutung als Zierpflanze, die nicht nur zum Aromatisieren von Lebensmit-
teln, sondern auch in der pharmazeutischen und medizinischen Industrie verwendet wird. Die vorliegende Studie wurde in
Töpfen unter Gewächshausbedingungen durchgeführt, um die Reaktion von Ringelblumenpflanzen auf die Blattapplikati-
on von Salicylsäure (SA) und Kaliumhumat (KH) unter Verwendung zweier Kultursubstrate zu bewerten. Physiologische
und biochemische Parameter sowie die potenzielle Öl- und β-Carotin-Produktion der Ringelblumenpflanzen wurden ein-
gehend untersucht. Verschiedene Konzentrationen von SA (50, 100, 150 und 200mg l–1) und KH (500, 1000, 1500 und
2000mg l–1) wurden als Blattapplikation bei verschiedenen Bodensubstraten ausgebracht. Die Behandlungen mit SA und
KH führten zu einem signifikanten Anstieg aller untersuchten vegetativen Wachstumsparameter mit Ausnahme der Pflan-
zenhöhe, die nicht signifikant blieb. Auch die enzymatischen antioxidativen Aktivitäten wurden durch die Anwendung
von SA und KH erhöht. Diese Aktivitäten waren im Falle von KH bis zu 1500mg l–1 erhöht, während dieser Trend im
Falle von SA bis zu 200mg l–1 verzeichnet wurde, mit Ausnahme der Katalase. Die photosynthetischen Parameter und die
Chlorophyll-Fluoreszenz nahmen mit steigender SA-Dosis bis zu 200mg l–1 ab, während dieser Trend bei KH bei beiden
Nährböden typischerweise umgekehrt war. Die Ölproduktivität der Ringelblumenblüten nahm bis zu 100 bzw. 1000mg l–1

SA und KH zu, während der höchste Ölertrag nach Anwendung von 1000mg l–1 KH verzeichnet wurde. Daher könn-
te die Produktion von Ringelblumenblüten auch mit schlechten Kultursubstraten wie Sand erreicht werden, und es sind
weitere Studien zu verschiedenen alternativen Kultursubstraten, insbesondere zu umweltfreundlichen und kostengünstigen
Materialien, erforderlich

Schlüsselwörter Antioxidantien · β-Carotin · Katalase · Peroxidase · Elektrolytleckage

The marigold or African marigold plant (Tagetes erecta L.)
belongs to the Asteraceae family, a widespread and very
large family of flowering plants, and this species of the
genus Tagetes is native to Mexico (Yasheshwar et al.
2017). The marigold plant has a high propagation rate,
rapid growth, and short lifecycle, and this ornamental plant
is usually used in the cut-flower trade (Chitraprabha and
Sathyavathi 2018). Due to its high beta carotene content,
marigold can be added to poultry feed to improve egg yolk
pigmentation, fat, and skin (Laosinwattana et al. 2018;
Madanan et al. 2021). The bloom concentrate of marigold
can also be used for cotton fabrics (Harlapur et al. 2020)
or floral wastes for compost and biofuel production (Dutta
and Kumar 2022). Extracted nano-based lutein from the
petals of marigold is used as surfactant (Jivan and Abbasi
2019). The flowers of marigold are used in folk medicine
as a therapeutic agent (Barhoi et al. 2022) or as health
promoters for gastrointestinal diseases such as stomatitis,
diarrhea, and dyspepsia, and for skin protection, (Meurer
et al. 2019; Rodrigues et al. 2019; Kumar et al. 2020a; Gul
et al. 2022).

There are several species of marigold, including the
common marigold (Calendula officinalis), French marigold
(Tagetes patula), marigold (Tagetes erecta), lemon marigold
(Tagetes tenuifolia), and Mexican mint marigold (Tagetes
lucida; Chitrakar et al. 2019). These marigold plants are
considered one of the most popular edible flowers from
ancient times, which are added to the world cuisine for

desirable flavor and fragrance in foods and beverages as
well as for making visually plain dishes more appealing
(Chitrakar et al. 2019). These edible flowers are considered
to be a source of natural antioxidants (Mikołajczak et al.
2020; Gul et al. 2022), valuable phytonutrients (Skrajda-
Brdak et al. 2020), bioactive compounds (Takahashi et al.
2020) like carotenoids (Rodrigues et al. 2019), and func-
tional raw materials (Chen et al. 2020). Therefore, applied
growth promoters like salicylic acid (SA) and potassium
humate (KH) can enhance the nutritional value of marigold
flowers.

Several amendments, such as SA and KH, have been
used to promote horticultural production and increase
growth of crops like marigold. The main effects of applied
SA and KH in agricultural production may include their
impacts as stimulators. Several studies on exogenous ap-
plication of SA have confirmed that SA is an important
regulator of various biochemical and physiological pro-
cesses related to plant growth and development (El-Beltagi
et al. 2017; Ali 2021; Ding and Ding 2020; Gorni et al.
2020; El-Hady et al. 2021). These included studies on
the effect of SA on accumulation of primary metabolites
in many plants such as yarrow (Achillea millefolium L.;
Gorni and Pacheco 2016; Gorni et al. 2020), black mustard
(Brassica nigra; Ghassemi-Golezani et al. 2020), and Ajuga
integrifolia (Abbasi et al. 2020); and studies on the miti-
gating role of SA under drought stress (de Andrade et al.
2020; Sedaghat et al. 2020), nutrient stress (Deus et al.
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2020; Es-sbihi et al. 2020), salinity stress (Abdoli et al.
2020), and pathogen stress (Sofy et al. 2021). Concerning
the impact of applied SA on marigold plants, a few pub-
lished studies have investigated the SA-induced changes to
growth, flowering, and flavonoid production (Pacheco et al.
2013) and shown it to promote hormone content, growth,
and flowering in marigold (Basit et al. 2018), and to reduce
the effects of salinity (Abou El-Ftouh et al. 2018; Abd El
Gayed 2020) and drought (Gholinezhad 2020; Mohamed
et al. 2021).

Humic substances are considered the main pool of soil
organic carbon (more than 60%), which results from micro-
bial transformations of plant and animal matter (Stevenson
1994). These humic substances can regulate plant growth
and development under stressful and non-stressful condi-
tions (Bulgari et al. 2019). Treating plants with humate
is considered a promising approach, leading to improve-
ments in seed germination, root growth, adventitious root-
ing, shoots and leaves, uptake of nutrients and water, and
activity of enzymatic antioxidants (Aalipour et al. 2020;
Torun and Toprak 2020). Potassium humate (KH) is a com-
mercial product resulting from the reaction of potassium
salt with humic acid to produce complex humic substances
(Howladar 2018; Torun and Toprak 2020). Exogenous seed
dressing (Ullah et al. 2020) or soil (Abdo et al. 2020) or fo-
liar application of KH improved plant productivity (Shyala
et al. 2019). Previous studies have investigated exogenous
application of potassium humate on marigold, e.g., Shyala
et al. (2019), and there is an urgent need for more investi-
gations concerning this topic.

Production of seedlings in horticultural nurseries is
a very important process, particularly for production of ex-
pensive seedlings and difficult-to-germinate seeds (Chrysar-
gyris et al. 2020). The components of the growth medium
are very important for this production, and a special growth
medium is needed particularly when the available soils
are contaminated or suffer from problems like salinity,
alkalinity, heavy clay, or other conditions. In addition,
foliar application of applied stimulants or nutrients is, in
this case, better than soil application for overcoming these
obstacles. Therefore, good growth media should provide
seedlings with adequate support, nutrients, and water, al-
lowing exchange of oxygen between the roots and the
outside atmosphere as well as high cation-exchange and
water-holding capacity (Mahmoud et al. 2019; Roehrdanz
et al. 2019; El-Beltagi et al. 2022; Shalaby et al. 2022).

Table 1 Main chemical analysis of growth media in the experiment

Growth
medium

pH EC
(dS m–1)

Organic matter
(g kg–1)

Available nutrients (mg kg–1)

N Fe K Zn Cu P

M1 7.58 0.30 15.6 252 10.5 546 46.5 0.77 13.59

M2 6.44 0.41 18.0 308 43.45 1452 60.5 1.49 19.64

M1 cocopeat and sand, M2 cocopeat and vermiculite, EC electrical conductivity

Several materials have been applied as candidate culture
substrates for growth media and were incorporated into
the media in various ratios, such as peat with different
forms, e.g., cocopeat (Ameri et al. 2020) and peat moss
(Roehrdanz et al. 2019), as well as perlite (Rady and
Rehman 2016; Feng et al. 2020), sycamore pruning waste
(Ameri et al. 2020), vermiculite (Sato et al. 2020), and sand
(Mahmoud et al. 2019), beside solid organic waste includ-
ing compost from waste (Roehrdanz et al. 2019), biochar
(Prasad et al. 2018), biochar–compost mixture (Radin et al.
2018), and spent coffee grounds (Chrysargyris et al. 2020).
Therefore, a suitable planting medium is considered a basic
requirement to achieve a proper yield and high profits as
well as having a vital impact on the quality of seedlings
and their productivity (Mahmoud et al. 2019).

Therefore, the aim of this study was to evaluate the role
of foliar application of SA and KH on marigold under con-
ditions of different soil growth media. The efficacy of SA
and KH in promoting physiological and biochemical pa-
rameters of marigold plants also was investigated.

Materials andMethods

Plant Materials and Preparation of Growth Media

Seeds of the local marigold variety (Mandarin) were ob-
tained from the Research Centre of Medicinal and Aromatic
Plants, Dokki, Giza, Egypt. Seedlings of marigold (35 days
old) 15cm in length were produced from pure seeds in
the nursery of the Faculty of Agriculture at Kafrelsheikh
University (latitude 31°15047 N and longitude 30°57014 E).
Seeds were cultured in a foam tray (209 cells) in the pres-
ence of cocopeat and vermiculite (1:1; v/v) as a popular
growth medium (M2), which is expensive compared to
cocopeat and sand (1:1; v/v) as an alternative and cheap
medium (M1). Seedlings were cultured in plastic pots
25cm in diameter filled with cocopeat+ sand or coco-
peat+ vermiculite as two different treatments according
to germination or growth medium. Pots were cultured on
14 March 2019 and kept under black net (50% shading).
Seedlings were watered using fresh water manually every
5 days using 10L watering cans, and the same water vol-
ume was applied to each pot. The plants were harvested by
1 June 2019.
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Analysis of Soil Growth Media

The analyses of growth media, including chemical analyses,
were performed before the experiment (Table 1). Soil elec-
trical conductivity (EC) or salinity was measured in a 1:5 ra-
tio using an EC meter (MI 170, Milano, Italy), whereas
pH was measured in a 1:1 ratio using a pH meter (Jenway
3510, Staffordshire, UK). Organic matter content was deter-
mined according to Nelson and Sommers (1996) using the
dichromate oxidation method. According to Bremner and
Mulvaney (1982), the available N was determined using the
micro-Kjeldahl method, whereas available phosphorus was
measured according to Olsen and Sommers (1982). Avail-
able potassium was determined by flame photometer (Jen-
way PFP7, Staffordshire, UK), whereas available copper,
iron, and zinc were quantified using an atomic absorption
spectrophotometer (Avanta E, GBC, Victoria, Australia) ac-
cording to Page et al. (1982).

Treatments of Growth Promoters

After 10 days from transplanting, seedlings were treated
separately with two growth promoters at different concen-
trations: for SA 0, 50, 100, 150, and 200mg L–1; for KH
0, 500, 1000, 1500, and 2000mg L–1. KH was purchased
from FMC, China (water solubility >98%, humic acid
80%, potassium 8–12% [K2O], zinc 100ppm), whereas
SA purchased from Loba Chemie pvt. Ltd., India (purity
99.5%). Seedlings were foliar sprayed with growth promot-
ers three times during the growth season at an interval of
15 days. Growth parameters including plant height, number
of branches, root length (the longest root), and root fresh
and dry weight were recorded at the end of theexperiment
on 1 June. Six samples or plants from each treatment were
chosen randomly to determine the previous parameters for
three replicates.

Analysis of Photosynthetic Parameters

Chlorophyll a (Chl a) and b (Chl b) and carotenoids were
determined in the fully expanded young leaves. Chloro-
phyll content was extracted from leaf tissue by grinding to
a fine powder in a mortar with liquid nitrogen and adding
100mg to a 2mL Eppendorf tube. Thereafter, 1 mL of
80% acetone was added and the powder was homogenized
by inverting for 10min in ice using a shaker. The ab-
sorbance was measured at 470, 649, and 665nm using
a spectrophotometer (double-beam UV/visible spectropho-
tometer Libra S80PC, Cambridge, UK). Chlorophyll and
carotenoid concentrations were calculated from the spec-
trophotometric data using the formulae of Lichtenthaler
and Welburn (1983). There were three replicates within
each treatment. Chlorophyll fluorescence parameters were

measured using a portable chlorophyll fluorometer (OS30P,
Labo Amirica, USA). The minimal and maximal fluores-
cence (F0 and Fm) were measured for 30min in dark-adapted
leaves using light of <0.1µmol m–2 s–1 and after a 1 s saturat-
ing pulse (>3500µmol m–2 s–1) in the same leaves, respec-
tively. According to Dewir et al. (2005), maximal variable
fluorescence (Fv=Fm– F0) and the photochemical efficiency
of photosystem II (Fv/Fm) were calculated for dark-adapted
leaves. Each treatment had four single-leaf replications.

Biochemical Assessment of Antioxidant Enzymatic
Activities

To determine antioxidant enzyme activities, 0.5g of fully
expanded young leaves was homogenized in liquid nitro-
gen with 3mL of extraction buffer (50mM TRIS buffer pH
7.8 containing 1mM EDTA-Na2 and 7.5% polyvinylpyrroli-
done) using a prechilled mortar and pestle. The homogenate
was filtered through four layers of cheesecloth and cen-
trifuged at 12,000 rpm for 20min at 4°C. The supernatant,
which was re-centrifuged at 12,000 rpm for 20min at 4°C,
was used for the total soluble enzyme activity assay using
an ultraviolet-160A spectrophotometer (160A, Shimadzu,
Kyoto, Japan). These enzymes included catalase (CAT; EC
1.11.1.6), polyphenol oxidase (PPO; EC 1.10.3.1), and per-
oxidase (POX; EC 1.11.1.7) activities. These enzymes were
measured at 240, 495, and 470nm, respectively, according
to Aebi (1984), Malik and Singh (1980), and Hammer-
schmidt et al. (1982).

Electrolyte Leakage

Measurement of electrolyte leakage (EL) was performed
according to Whitlow et al. (1992) and Szalai et al. (1996).
The initial values of EC were recorded using an Acromet
AR20 EC meter (Fisher Scientific, Chicago, IL, USA),
whereas the final values were measured for each flask to
calculate the EL for each bud as the initial conductivity/
final conductivity × 100.

Oil Content and Yield in the Plant

The oil content in marigold plants was measured by hy-
drodistillation in the Clevenger apparatus using dried plant
(flower+ leaves+ shoots). After 3h of extraction, the oil
yield of each plant was detected by the oil volume collected
in the burette. Oil percentage was calculated according to
following formula:

x =
Oil weight .g/

Plant weigt .g/
� 100
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Table 2 Effect of different growth media, salicylic acid, and potassium humate at different concentrations on some plant growth parameters

Treatment Plant height (cm) Number of flowers per plant Number of branches per plant

M1 M2 M1 M2 M1 M2

Salicylic acid dose (mg L–1)

0 81.6 def 82.8 cdef 49.50 bc 49.00 bc 7.7 e 13.0 ab

50 79.5 fg 68.5h 57.50 bc 80.50 ab 11.3 bcd 13.0 ab

100 77.3 fg 78.8 fg 56.90 bc 30.40 c 7.3 e 12.3 abc

150 83.0 cdef 75.5 fgh 55.20 bc 41.00 c 9.0 de 12.0 abc

200 73.5 gh 89.5 bc 32.30 c 33.20 c 9.0 de 12.0 abc

Potassium humate (mg L–1)

0 81.6 def 82.8 cdef 49.50 bc 49.00 bc 7.7 e 13.0 ab

500 92.6 b 82.6 cdef 100.20 a 23.50 c 14.7 a 9.0 de

1000 104.3 a 88.3 bcde 93.50 a 27.90 c 14.3 a 11.0 bcd

1500 81.5 ef 89.1 bcd 63.10 bc 25.00 c 7.7 e 8.7 de

2000 81.8 def 80.3 fg 80.90 ab 30.30 c 10.0 cde 12.0 abc

Significance ** ** ** ** ** **

Means within a column for one medium followed by the same letter are not significantly different according to Duncan’s multiple range test at
P≤ 0.05
SA salicylic acid, KH potassium humate, M1 cocopeat+ sand, M2 cocopeat+ vermiculite

Biochemical Analysis of Flowers

According to the method of Nagata and Yamashita (1992),
β-carotene was determined in flowers by separately ho-
mogenizing 1.0g fresh weight of the sample with 10ml
of an acetone–hexane mixture (2:3) for 2min to uniform
mass. Samples were maintained in an ice–water bath to
prevent overheating. The homogenates were centrifuged at
5000 rpm for 10min at 20°C. Using a spectrophotometer
(Varian Cary 50 Scan, UV/VIS spectrophotometer, USA),
the absorbance spectrum of each supernatant was measured
and the absorption maxima were read at 453, 505, 645, and
663nm. β-carotene content was calculated from the follow-
ing equation:

“ − carotene.mg100ml−1/ = 0.216A663 − 1.22A645

− 0.304A505 + 0.452A453

Statistical Analyses and Experimental Design

The experiment was set up in a completely randomized
factorial design with two factors (two types of media and
nine levels of SA and KH) and two-way analysis of vari-
ance (ANOVA). The means and ANOVA were calculated
using CoStat (version 6.311) statistical CoHort software
(Berkeley, CA, USA). The mean separations were carried
out using Duncan’s multiple-range tests. Significance was
determined at p≤ 0.05.

Results

Plant Growth Parameters

Marigold growth parameters investigated in the current
study included plant height and the total number of branches
and flowers per plant in two different growth media. The
growth media also clearly impacted on the growth param-
eters of marigold based on the concentration of SA or KH,
as presented in Table 2. The highest significant values in
number of flowers and branches per plant (100.2 and 14.7)
were recorded for the growth medium M1 at 500mg L–1

KH, whereas this trend was obtained at 50–100mg L–1 in
the case of SA application (Table 2). A different trend was
observed for the growth medium M2: applied SA recorded
the highest values (80.5 and 13.0) of flowers and branches
per plant at a dose of 50mg L–1 SA.

The best results of marigold growth parameters were
associated with lower concentrations of SA and KH for
both growing media (M1 and M2), i.e., 50mg L–1 for SA
and 1000mg L–1 for KH. In general, the values of growth
parameters were higher for M2, which contains vermi-
culite, compared to M1. The M2 growth medium (coco-
peat+ vermiculite) recorded better results under foliar ap-
plication of SA and KH compared to M1 (cocopeat+ sand).
The highest number of flowers per plant (102.2 and 80.5)
was recorded for M1 and M2 at applied concentrations of
500 and 50mg L–1 of KH and SA, respectively.
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Fig. 1 Effect of different growth media (M1 and M2) and sali-
cylic acid (SA) and potassium humate (KH) at different concen-
trations on chlorophyll and carotenoid content of marigold plants:
a chlorophyll a, b chlorophyll b, c carotenoids (M1= cocopeat+ sand;
M2= cocopeat+ vermiculite); least significant difference (medium×
treatment) for Chl a, b, and carotenoids were 3.90, 3.20, and 1.90,
respectively, with high significance for each

Photosynthetic Parameters and Chlorophyll
Fluorescence

In this study, quantitative measures of photosynthetic pa-
rameters (i.e., Chl a, b, and carotenoids) were considered to
be useful in investigating the response of marigold plants to
different doses of SA and KH under two growth media con-
ditions (Fig. 1). Concerning SA, the leaf content of Chl a, b,
and carotenoids was decreased by increasing the applied
dose up to 200mg L–1, whereas these parameters were in-
creased by increasing the applied concentration of KH up to
1500mg L–1. It is also worth mentioning that the alternative
growth medium (M1) shows a continuous increase in these
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Fig. 2 Effect of different growing media (M1 and M2) and salicylic
acid (SA) and potassium humate (KH) at different concentrations on
photochemical efficiency of photosystem II (Fv/Fm) of marigold plants
(M1= cocopeat+ sand; M2= cocopeat+ vermiculite); least significant
difference (medium× treatment) for chlorophyll fluorescence was 0.10
with no significance

parameters upon increasing KH up to 2000mg L–1, whereas
in the ideal growth medium (M2), this increase was only up
to 1500mg L–1. This difference may be due to the impact
of vermiculite on the plants and their nutritional value. In
general, the same trend could be observed for carotenoids,
where there was a continuous decrease in carotenoid con-
tent with increasing applied doses of SA in both of the two
different growth media, whereas the opposite was recorded
for the applied KH in both media. It could be noticed that
the values of Chl a, b, and carotenoids were the same in
different growth media (M1 and M2) with an increasing ap-
plied dose of SA, but at the highest applied concentration of
KH (2000mg L–1), the curve leveled off, with a higher value
for M1 compared to M2. The same trend was also observed
for chlorophyll fluorescence, as presented in Fig. 2at dif-
ferent concentrations, on Fv/Fm of marigold plants for each
growth medium.

Enzymatic Antioxidant Activities and Electrolyte
Leakage

The general observation from Fig. 3 is that growing medium
M2, which contains vermiculite, has higher values of an-
tioxidants compared to M1 (sand growth medium). These
results may confirm that these foliar promoters (SA and
KH) do not stress candidate plants. In general, for each
growth medium, the enzymatic antioxidants were decreased
with increasing applied SA concentration (like carotenoids),
whereas they were increased for KH application. From the
data in Fig. 3, it is apparent that more studies under different
stressful conditions are required. The studied enzymatic an-
tioxidant activities are known antioxidants that plants gen-
erate under non-desirable or stress conditions and the plants
generate high contents of these enzymes, which represents
a result of stress from the treatments. The enzymatic antiox-
idant activities, including CAT, POX, and PPO activities,
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in addition to EL, were measured in this study as presented
in Fig. 3. To distinguish among treatments, the enzymatic
antioxidant activities and EL were evaluated. In general,
the results of the enzymatic activities and EL show that
different treatments have not stressed plants in the grow-
ing media. In Fig. 3d, there is a clear trend of decreasing
EL values for SA and KH treatments and the same trend,
in general, for other enzymatic antioxidant activities (i.e.,
PPO, CAT, and POX), as presented in Fig. 3a–c, respec-
tively.

Oil Production and Beta Carotene

It could be noticed that growth medium M1 allows the
oil yield to increase at low applied doses of SA and KH,
whereas at higher doses, M2 was the best at allowing this
increase in productivity. Based on the fact that flowers
marigold are edible, the economic value of this ornamen-
tal plant is represented in the beta carotene and oil content

of the flowers. As shown in Fig. 4, the results indicate that
there is a significant difference between the two growth me-
dia and among different SA levels. A significant difference
among KH doses could also be noticed (Fig. 4) for both
oil content and yield. Oil content was increased by SA and
KH application up to 150 and 1000mg L–1, respectively,
and the same trend was recorded for oil yield at the same
levels. Comparing the results of different levels of SA and
KH in Fig. 5, it can be seen that both SA and KH have
the same trend. This response included an increase in the
beta carotene content in flowers by increasing levels of SA
and KH up to 200 and 2000mg L–1, respectively. The beta
carotene content of marigold for both growth media was
similar, indicating that growth medium M1, which contains
sand, could be successfully used as alternative to M2 or
vermiculite.
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Discussion

Effect of SA and KH on Growth Parameters

This study assessed two factors, including two applied
growth promoters (SA and KH) and two growth media
(M1 as alternative medium and M2 as common medium).
This study includes the impact of applied treatments on
growth parameters, photosynthetic parameters, the antiox-
idant system, and oil productivity. This study handled

the production of marigold plants because these plants
represent an important ornamental, medicinal, and phar-
maceutical crop. Marigold crop is considered an economic
ornamental crop that produces brownish yellow, bright
yellow, orange to brown flowers which containing beta
carotene. A lot of benefits have been reported regarding
the importance of marigold, including using their edible
flowers and coloring agent, as well as in the medicinal
and pharmaceutical industries (Shafique et al. 2021). These
flowers are used as garlands on many social and religious
occasions in several countries (Chitrakar et al. 2019). They
can also be used as an effective repellent in organic farming
due to their herbicidal, fungicidal, bactericidal, and insecti-
cidal properties (Laosinwattana et al. 2018). Therefore, this
study focused on marigold as a promising ornamental crop
and the production of marigold plants in the horticultural
sector.

For production of healthy and proper marigold plants, the
current study compared a popular growth medium (M2; co-
copeat+ vermiculite) to an alternative growth medium (M1;
cocopeat+ sand). These studied growth media represent one
which is very common in Egypt (M2) but expensive com-
pared to the second and alternative growing medium (M1),
which has sand as the main component and is available in
Egypt. There are several kinds of growth media, which con-
tain, in general, an organic source or peatmoss beside an-
other component like perlite, vermiculite, sand, or rice husk.
Based on the chemical composition of different growth me-
dia, it could be noticed that the medium with vermiculite
(M2) has some benefits and problems, which was reflected
in the obtained results. The benefits of vermiculite may in-
clude its high nutrient content, but the main problem is its
high moisture retention and content, which causes a lot of
pathogens. In the current study, all growth parameters of
marigold have high significance upon comparison between
the two growth media (M1 and M2), as presented in Ta-
ble 2. Based on the chemical composition of each medium
(Table 1), the main difference between the growth media in-
clude the organic matter, nitrogen, and potassium contents,
but this difference may not be significant. Although growth
medium M1 (as an alternative growth media) has a lower
content of organic matter, N, and K, these contents maybe
enough for growing plants, whereas the main problem of
growth mediumM2 is the high soil moisture content, which
impedes growth and uptake of other nutrients in cultivated
plants.

Growth media have been become a vital component in
the production of plants in the horticultural sector under the
greenhouse system worldwide, as an alternative to soil or
soilless farming. There is an urgent need for research into
new components of the current growing media beside peat,
which is already used as a substrate for cultivation in the
professional greenhouse growing system. Peat is the main
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component in the soilless system and has many problems,
so the use rate of peat in these growing media should be
reduced (Feng et al. 2020). The main factors controlling
the growth media components in soilless farming include
the irrigation and fertilization system and their efficiency,
rooting medium, and the source of nutrients in media (Van-
decasteele et al. 2018; Aly et al. 2019).

In the current study, foliar application of KH at low doses
(from 500 to 1000mg L–1) achieves, in general, the highest
values for vegetative growth of marigold plants (Table 2).
A strong relationship between foliar applied levels of KH
and marigold plant growth is reported in the literature (e.g.,
Shyala et al. 2019), as also for other crops like eggplant
(Howladar 2018), Brassica oleracea var. acephala (Abbey
et al. 2018), cotton (Ullah et al. 2020), and Elaeagnus an-
gustifolia (Torun and Toprak 2020). This result may be ex-
plained by the fact that the KH promoter has dual benefits
due to the nutritional role of humic substances and K nutri-
ent in cultivated plants (e.g., Pal and Ghosh 2010; Moham-
madipour et al. 2012). These benefits include enhancing
enzyme activities, membrane permeability, and hormonal
activity in cultivated plants, as well as increased water-
holding capacity, nutrient uptake, and yield. Foliar appli-
cation of potassium humate increases plant height, number
of branches, dry weight, and yield of cultivated plants, as
reported by Mohamed et al. (2018).

In this study, the role of applied SA in enhancing growth
parameters could be seen, with increasing doses up to
50–150mg L–1; this result was distinguished from that
for the growth medium of cocopeat+ vermiculite. This re-
sult may reflect the high nutritional value of vermiculite
compared to sand, which is considered an inert grow-
ing substance. For both growth media and in general,
the inhibitory effect of SA at higher concentrations up to
200mg L–1 could be shown in Table 2. The role of SA
in promoting the growth parameters is shown in Table 2,
which mainly depends on plant species, different stages of
plant development, and on the concentration of SA used
(Arif et al. 2020). The low exogenous dose of SA (up to
100mg L–1) used in this study may interact with nutrients
and other phytohormones and significantly contribute to
metabolism as well as plant growth (Rasheed et al. 2020).
In other words, SA may improve gas exchange, compati-
ble solutes and secondary metabolites, and photosynthetic
pigments, thereby increasing plant growth and biomass
production (Saheri et al. 2020). A few studies have been
published concerning the promotive role of SA in produc-
ing marigold plants, as reported by Pacheco et al. (2013),
Ibrahim (2017), and Basit et al. (2018) using doses up
to 276, 200, and 120mg L–1, respectively. Pacheco et al.
(2013) reported that SA has stimulator effects on vari-
ous physiological processes related to plant growth and
development of marigold. It is well known that KH is

a natural material resulting from the interaction between
potassium and humic acid. This material has the ability to
improve different soil properties (biological, physical, and
chemical) beside the soil dynamic of nutrients. KH has
a significant role in plant nutrition through its vital role
in promoting plant growth. Exogenous application of SA
encourages germination of seeds, plant flowering, upreg-
ulates the photosynthetic rate, and increases the activity
of nonenzymatic, enzymatic, and antioxidants processes
under normal and changing environments (Tucuch-Haas
et al. 2017; Arif et al. 2020; El-Hady et al. 2021).

Effect of SA and KH on Antioxidants and
Photosynthetic Pigments

It is well documented that K+ acts as a key regulator for
more than 60 enzymes within the plant system by con-
trolling the activation of these enzymes as well as con-
trolling the opening and closing of leaf stomata (Kumar
et al. 2020b). So, the important role of KH in supporting
photosynthetic activity (Chl a, Chl b, and carotenoids) of
marigold plants in different growth media is clear (Figs. 1
and 2). It seems possible that these results are due to the
dual direct and indirect impact of both humate and potas-
sium ions. Whereas the highest applied dose (2000mg L–1

KH) may cause an increase in these photosynthetic parame-
ters particularly in the case of M1 (sand and cocopeat), this
increase was limited to 1500mg L–1 KH in the case of M2
(vermiculite and cocopeat). There was a highly significant
interaction between all previous photosynthetic parameters
and KH treatments. The observed increase in chlorophyll
fluorescence in both growth media was recorded at the high-
est KH dose. It is difficult to explain this result, but it might
be related to the nonsignificant interaction between growth
media and KH treatments. The antagonistic interactions be-
tween magnesium (Mg) and potassium when K+ is applied
at high doses may cause the decrease of studied photosyn-
thetic activities, because Mg is an essential component of
chlorophyll (Xie et al. 2020).

Concerning the impact of SA application on the con-
tent of photosynthetic pigments (i.e., chlorophyll a and b),
carotenoids, and chlorophyll fluorescence, a decrease in
Chl a, Chl b, carotenoid content, and chlorophyll fluores-
cence of marigold plants with increasing levels of SA was
observed (Figs. 1 and 2). This result is somewhat counter-
intuitive compared to the results of Basit et al. (2018), who
reported that these parameters were increased by increas-
ing the applied doses of SA up to 120mg L–1. A possible
explanation is that the current work applied a dose up to
200mg L–1, which may inhibit these parameters. Bayat et al.
(2012) also reported that exogenous SA applied to marigold
decreased EL but nonsignificantly increased chlorophyll
content as well as the number of flowers per plant and plant
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height. On the other hand, at low doses of applied SA, this
acid may promote formation of photosynthetic pigments
and their derivatives, increase the production of energy and
the respiration rate for more pigment synthesis, and regu-
late the production of green color in foliage and flowering
(Basit et al. 2018).

As biochemical parameters, enzymatic antioxidant ac-
tivities (CAT, PPO, and POX) and EL were measured to
evaluate the impact of SA on growing marigold plants. The
CAT activity was significantly increased by application of
SA up to 50mg L–1, recording the highest level of CAT (150
and 200mM H2O2 g–1 FW min–1 for the two growth media,
respectively; Fig. 3). Concerning PPO and POX activities,
the values of both enzymes were increased by increasing
the applied SA up to 200mg L–1 and the same trend was
observed for EL for both growth media. It has been con-
firmed under salinity and oxidative stress that exogenous
application of SA enhances the activity of some enzymatic
antioxidants such as CAT, POX, and superoxide dismutase
(SOD), by scavenging reactive oxygen species (ROS) and
free radicals (Arif et al. 2020).

Potassium is the main regulator of overall plant growth,
although this nutrient is not found in any chemical struc-
ture of plant proteins (Guo et al. 2017), and also controls
several plant reactions by activation of their enzymes (Ku-
mar et al. 2020b). Hence, it could conceivably be hypoth-
esized in the current study that these are remarkable find-
ings about the impact of foliar application of KH at differ-
ent concentrations on the antioxidant capacity of marigold
leaves (Fig. 3). This finding has important implications
for developing growth media, which show the highest val-
ues of antioxidants enzymes (CAT, PPO, and POX) up to
1500mg L–1 under sand media (M1). The important role
of KH has been confirmed under different stresses in many
cultivated plants like kale (Abbey et al. 2018) and eggplant
(Howladar 2018).

Effect of SA and KH on Oil Productivity and Beta
Carotene

The oil produced from marigold flowers is considered an
important product of this ornamental plant. In a recent
study, foliar application of 150mg L–1 SA resulted in highly
significant increases in the essential oil content (60%) and
yield (58.8%) of marigold flowers in both growth media as
compared to the control (Fig. 4). This result may be due
to the action of SA, which may act as a chemical elicitor
by enhancing the production of many secondary metabo-
lites including phenolic compounds, alkaloids, flavonoids,
and phytoalexins (Gorni and Pacheco 2016). It is some-
what surprising that no significance among the interactions
between growth media and treatments was noted in this
condition. Foliar application of SA up to 200mg L–1 signifi-

cantly increased the beta carotene content of marigold flow-
ers (Fig. 5). These results confirm the association between
exogenous foliar application of SA and beta carotene con-
tent in marigold flowers. These findings also match those
observed in earlier studies (Abou El-Ftouh et al. 2018;
Abd El Gayed 2020), which reported that foliar applica-
tion of SA up to 300mg L–1 increased the marigold flower
beta carotene content. Therefore, exogenous foliar applica-
tion of SA at low doses might be recommended for some
medicinal crops under field conditions due to the improve-
ment of phytochemical and agronomic traits, particularly
for ecofriendly farming practices (Gorni et al. 2020).

The oil of marigold flowers is one of the main target
products beside beta carotene. Therefore, a stimulator or
promoter that can enhance this productivity is needed. The
results of this study are in keeping with previous observa-
tional studies which confirmed that foliar application of KH
increased the essential oil content of many crops such as
basil (El-Sayed et al. 2015) and Nepeta species (Mohamed
et al. 2018). These results agree with the findings of pre-
vious studies and the current study, which confirmed that
KH doses increased both oil content and yield (Fig. 4). The
oil content was increased by applied KH up 1000mg L–1,
whereas the increase in the beta carotene content in flowers
extended up to 2000mg L–1. This increase in oil content may
be linked to the ability of KH to solubilize and transport
nutrients for cultivated plants, which promotes uptake of
water and nutrients by roots (Mohamed et al. 2018; Maraei
et al. 2019).

In this work, SA was selected to evaluate different
foliar concentrations (from 50–200mg L–1) in marigold
plants and their content of oil. The role of SA in en-
hancing growth and oil production has been confirmed for
some medicinal plants in the Asteraceae family, including
safflower (Chavoushi et al. 2020), feverfew (Tanacetum
parthenium L. Bip.; Ahmadi et al. 2020), sunflower (Sha-
toori et al. 2020), and marigold (Pacheco et al. 2013; Basit
et al. 2018; Gholinezhad 2020), as well as under different
stresses (Wani et al. 2017) like soil salinity (Rasheed et al.
2020), drought (Sedaghat et al. 2020), and nutrient stress
(Es-sbihi et al. 2020; Madanan et al. 2021).

Conclusion

The best growth parameters could be achieved for marigold
plants in general using doses of 100 and 1500mg L–1 of
SA and KH, respectively. This trend may differ based on
which parameter we require from nursery production of
this important ornamental plant. The obtained values of all
photosynthetic parameters and chlorophyll fluorescence de-
creased with increasing doses of SA up to 200mg L–1, but
this trend was the opposite for KH in both growth media.
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This may be due to the role of K in regulating several phys-
iological processes, particularly photosynthesis, working of
stomata, and activating more than 60 enzymes. The antiox-
idant enzymes activities were enhanced by increased foliar
application of SA up to 200mg L–1 (except CAT), but up to
1500mg L–1 for KH. Furthermore, the beta carotene con-
tent of marigold plants was increased by increasing both
SA and KH up to 200 and 2000mg L–1 in different growth
media. On the other hand, best oil productivity (percent
and yield) from marigold plants was obtained using doses
of 100 and 1000mg L–1 of SA and KH, respectively. Based
on the findings of this study, the common growth medium
(cocopeat and vermiculite), which is expensive, could be
replaced with the alternative growth medium (cocopeat and
sand), which showed a nonsignificant difference between
growing media (M) and treatments (T), particularly for beta
carotene production. Further studies are needed to evaluate
other cheap growing media and higher concentrations of
foliar application of SA and KH.

Acknowledgements The authors acknowledge the Al Bilad Bank
Scholarly Chair for Food Security in Saudi Arabia, the Deanship
of Scientific Research, Vice Presidency for Graduate Studies and
Scientific Research, King Faisal University, Saudi Arabia; grant no.
CHAIR12. The authors also thank the staff members of the Physiology
and Breeding of Horticultural Crops Laboratory, Horticulture De-
partment, Faculty of Agriculture, Kafrelsheikh University, Egypt, for
conducting most parameters as well as for their help in completing this
work. The authors also thank Muhammad Zia-ur-Rehman for revising
the manuscript.

Funding Al Bilad Bank Scholarly Chair for Food Security in Saudi
Arabia, the Deanship of Scientific Research, Vice Presidency for Grad-
uate Studies and Scientific Research, King Faisal University, Saudi
Arabia; grant no. CHAIR12

Author Contribution This study was designed and implemented by its
authors. All authors contributed to writing the manuscript, interpreting
the information presented, and have read and agreed to the final version
of the manuscript.

Conflict of interest T.A. Shalaby, N.A. El-Newiry, M. El-Tarawy,
M.E. El-Mahrouk, A.Y. Shala, H.S. El-Beltagi, A.A. Rezk, K.M.A. Ra-
madan, W.F. Shehata, and H. El-Ramady declare that they have no
competing interests.

References

Aalipour H, Nikbakht A, Ghasemi M, Amiri R (2020) Morphophys-
iological and biochemical responses of two turfgrass species to
arbuscular mycorrhizal fungi and humic acid under water stress
condition. J Soil Sci Plant Nutr 20:566–576

Abbasi BH, Ullah MA, Nadeem M, Tungmunnithum D, Hano C
(2020) Exogenous application of salicylic acid and gibberellic
acid on biomass accumulation, antioxidant and anti-inflamma-
tory secondary metabolites production in multiple shoot culture
of Ajuga integrifolia Buch. Ham. ex D. Don. Ind Crops Prod
145:112098. https://doi.org/10.1016/j.indcrop.2020.112098

Abbey L, Pham TH, Annan N, Leke-Aladekoba A, Thomas RH
(2018) Chemical composition of kale as influenced by dry ver-

micast, potassium humate and volcanic minerals. Food Res Int
107:726–737. https://doi.org/10.1016/j.foodres.2018.03.010

Abd El Gayed ME (2020) Influence of foliar application of salicylic
acid on growth and flowering of Calendula officinalis L. under
levels of salinity. Menoufia J Plant Prod 5:325–341

Abdo AI, Elrys AS, Abdel-Fattah MK, Desoky EM, Huitong L,
Wang L (2020) Mitigating nitrate accumulation in potato tubers
under optimum nitrogen fertilization with K-humate and calcium
chloride. J Clean Prod 259:121108. https://doi.org/10.1016/j.
jclepro.2020.121108

Abdoli S, Ghassemi-Golezani K, Alizadeh-Salteh S (2020) Responses
of ajowan (Trachyspermum ammi L.) to exogenous salicylic acid
and iron oxide nanoparticles under salt stress. Environ Sci Pol-
lut Res 27:36939–36953. https://doi.org/10.1007/s11356-020-
09453-1

Abou El-Ftouh ZA, Mohamed MA, Ibrahim AK (2018) Effect of
saline water irrigation on growth and chemical composition of
pot marigold plant. Arab Univ J Agric Sci 26(2A):935–949

Aebi H (1984) Catalase in vitro. Methods Enzymol 105:121–126
Ahmadi SZ, Ghorbanpour M, Aghaee A, Hadian J (2020) Deci-

phering morpho-physiological and phytochemical attributes of
Tanacetum parthenium L. plants exposed to C60 fullerene and
salicylic acid. Chemosphere 259:127406. https://doi.org/10.1016/
j.chemosphere.2020.127406

Ali B (2021) Salicylic acid: an efficient elicitor of secondary metabo-
lite production in plants. Biocatal Agric Biotechnol 31:101884.
https://doi.org/10.1016/j.bcab.2020.101884

Aly AA, Noha Eliwa NE, Abd El Megd MH (2019) Improvement of
growth, productivity and some chemical properties of hot pepper
by foliar application of amino acids and yeast extract. Potrav Slo-
vak J Food Sci 13:831–839

Ameri A, Tehranifar A, Davarynejad G, Shoor M (2020) Flowering
times and some growth indicators of strawberry were affected by
physical properties of the growing media. Sci Hortic 272:109601.
https://doi.org/10.1016/j.scienta.2020.109601

de Andrade WL, de Melo AS, Melo YL, Sá FVS, Rocha MM,
Oliveira APS, Júnior PIF (2020) Bradyrhizobium inoculation
plus foliar application of salicylic acid mitigates water deficit
effects on Cowpea. J Plant Growth Regul 40:656–667. https://doi.
org/10.1007/s00344-020-10130-3

Arif Y, Sami F, Siddiqui H, Bajguz A, Hayat S (2020) Salicylic acid in
relation to other phytohormones in plant: a study towards physiol-
ogy and signal transduction under challenging environment. En-
viron Exp Bot 175:104040. https://doi.org/10.1016/j.envexpbot.
2020.104040

Barhoi D, Upadhaya P, Barbhuiya SN, Giri A, Giri S (2022) Extracts
of Tagetes erecta exhibit potential cytotoxic and antitumor activity
that could be employed as a promising therapeutic agent against
cancer: A study involving in vitro and in vivo approach. Phytomed
Plus 2:100187. https://doi.org/10.1016/j.phyplu.2021.100187

Basit A, Shah K, Rahman M, Xing L, Zuo X, Han M, Alam N, Khan F,
Ahmed I, Khalid MA (2018) Salicylic acid an emerging growth
and flower inducing hormone in marigold (Tagetes sp. L.). Pure
Appl Biol 7(4):1301–1308. https://doi.org/10.19045/bspab.2018.
700151

Bayat H, Alirezaie M, Neamati H (2012) Impact of exogenous sali-
cylic acid on growth and ornamental characteristics of calendula
(Calendula officinalis L.) under salinity stress. J Stress Physiol
Biochem 8(1):258–267

Bremner JM, Mulvaney CS (1982) Total nitrogen. In: Page AL (ed)
Methods of soil analysis. Agron. No. 9 Part II; Chemical and
microbiological properties, 2nd edn. Amer Soc Agron, Madison,
pp 595–624

Bulgari R, Franzoni G, Ferrante A (2019) Biostimulants application
in horticultural crops under abiotic stress conditions. Agronomy
9(6):306. https://doi.org/10.3390/agronomy9060306

K

https://doi.org/10.1016/j.indcrop.2020.112098
https://doi.org/10.1016/j.foodres.2018.03.010
https://doi.org/10.1016/j.jclepro.2020.121108
https://doi.org/10.1016/j.jclepro.2020.121108
https://doi.org/10.1007/s11356-020-09453-1
https://doi.org/10.1007/s11356-020-09453-1
https://doi.org/10.1016/j.chemosphere.2020.127406
https://doi.org/10.1016/j.chemosphere.2020.127406
https://doi.org/10.1016/j.bcab.2020.101884
https://doi.org/10.1016/j.scienta.2020.109601
https://doi.org/10.1007/s00344-020-10130-3
https://doi.org/10.1007/s00344-020-10130-3
https://doi.org/10.1016/j.envexpbot.2020.104040
https://doi.org/10.1016/j.envexpbot.2020.104040
https://doi.org/10.1016/j.phyplu.2021.100187
https://doi.org/10.19045/bspab.2018.700151
https://doi.org/10.19045/bspab.2018.700151
https://doi.org/10.3390/agronomy9060306


T. A. Shalaby et al.

Chavoushi M, Najafi F, Salimi A, Angaji SA (2020) Effect of sali-
cylic acid and sodium nitroprusside on growth parameters, pho-
tosythetic pigments and secondary metabolites of safflower under
drought stress. Sci Hortic 25(9):108823. https://doi.org/10.1016/
j.scienta.2019.108823

Chen Q, Xu B, HuangW, Amrouche AT, Maurizio B, Simal-Gandara J,
Tundis R, Xiao J, Zou L, Lu B (2020) Edible flowers as functional
raw materials: A review on anti-aging properties. Trends Food Sci
Technol 106:30–47. https://doi.org/10.1016/j.tifs.2020.09.023

Chitrakar B, Zhang M, Bhandari B (2019) Edible flowers with the com-
mon name “marigold”: their therapeutic values and processing.
Trends Food Sci Technol 89:76–87. https://doi.org/10.1016/j.tifs.
2019.05.008

Chitraprabha K, Sathyavathi S (2018) Phytoextraction of chromium
from electroplating effluent by Tagetes erecta (L.). Sustain Envi-
ron Res 28:128–134. https://doi.org/10.1016/j.serj.2018.01.002

Chrysargyris A, Antoniou O, Xylia P, Petropoulos S, Tzortzakis N
(2020) The use of spent coffee grounds in growing media for
the production of Brassica seedlings in nurseries. Environ Sci
Pollut Res 28:24279–24290. https://doi.org/10.1007/s11356-020-
07944-9

Deus ACF, Prado RM, Alvarez RCF, de Oliveira RLL, Felisberto G
(2020) Role of silicon and salicylic acid in the mitigation of nitro-
gen deficiency stress in rice plants. Silicon 12:997–1005. https://
doi.org/10.1007/s12633-019-00195-5

Dewir YH, Chakrabarty D, Ali MB, Hahn EJ, Paek KY (2005) Effects
of hydroponic solution EC, substrates, PPF and nutrient schedul-
ing on growth and photosynthetic competence during acclimati-
zation of micropropagated Spathiphyllum plantlets. Plant Growth
Regul 46:41–251

Ding P, Ding Y (2020) Stories of salicylic acid: a plant defense hor-
mone. Trends Plant Sci 25(6):549–565. https://doi.org/10.1016/j.
tplants.2020.01.004

Dutta S, Kumar MS (2022) Characterization of floral waste as poten-
tial candidates for compost and biofuel production. Biomass Conv
Bioref. https://doi.org/10.1007/s13399-022-02353-z

El-Beltagi HS, Ahmed SH, Namich AAM, Abdel-Sattar RR (2017)
Effect of salicylic acid and potassium citrate on cotton plant under
salt stress. Fresen Environ Bull 26:1091–1100

El-Beltagi HS, Hashem FA, Maze M, Shalaby TA, Shehata WF,
Taha NM (2022) Control of gas emissions (N2O and CO2) associ-
ated with applied different rates of nitrogen and their influences on
growth, productivity, and physio-biochemical attributes of green
bean plants grown under different irrigation methods. Agronomy
12:249. https://doi.org/10.3390/agronomy12020249

El-Hady NAAA, ElSayed AI, El-saadany SS, Deligios PA, Ledda L
(2021) Exogenous application of foliar salicylic acid and propolis
enhances antioxidant defenses and growth parameters in tomato
plants. Plants 10:74. https://doi.org/10.3390/plants1001007

El-Sayed AA, El-Hanafy SH, El-Ziat RA (2015) Effect of chicken ma-
nure and humic acid on herb and essential oil production of oci-
mum sp. Am-Eur J Agric Environ Sci 15(3):367–379

Es-sbihi FZ, Hazzoumi Z, Joutei KA (2020) Effect of salicylic acid fo-
liar application on growth, glandular hairs and essential oil yield
in Salvia officinalis L. grown under zinc stress. Biol Technol
Agric 7:26. https://doi.org/10.1186/s40538-020-00192-6

Feng J, Zhi Y, Zhang D, Chi CP, Chu S, Hayat K, Zhou P (2020) Rice
straw as renewable components of horticultural growing media for
purple cabbage. Sci Total Environ 747:141274. https://doi.org/10.
1016/j.scitotenv.2020.141274

Ghassemi-Golezani K, Hassanzadeh N, Shakiba M-R, Esmaeilpour B
(2020) Exogenous salicylic acid and 24-epi-brassinolide improve
antioxidant capacity and secondary metabolites of Brassica nigra.
Biocatal Agric Biotechnol 26:101636. https://doi.org/10.1016/j.
bcab.2020.101636

Gholinezhad E (2020) Impact of drought stress and stress modifiers on
water use efficiency, membrane lipidation indices, and water rela-

tionship indices of pot marigold (Calendula ofcinalis L.). Brazil J
Bot 43:747–759. https://doi.org/10.1007/s40415-020-00651-2

Gorni PH, Pacheco AC (2016) Growth promotion and elicitor activ-
ity of salicylic acid in Achillea millefolium L. Afr J Biotechnol
15(16):657–665

Gorni PH, Pacheco AC, Moro AL, Silva JFA, Moreli RR, de Mi-
randa GR, Pelegrini JM, Spera KD, Junior JLB, da Silva RMG
(2020) Salicylic acid foliar application increases biomass, nutri-
ent assimilation, primary metabolites and essential oil content in
Achillea millefolium L. Sci Hortic 270:109436. https://doi.org/
10.1016/j.scienta.2020.109436

Gul H, Javed HMA, Awais M, Javaid MY, Khan MI, Arif M, Al-
shahrani MY, Khalil RMA, Khan FS, Galal AM (2022) TiO2

nanoparticles functionalized with marigold for antioxidant role
to enhance the skin protection. Biomass Conv Bioref. https://doi.
org/10.1007/s13399-022-02433-0

Guo K, Tu L, He Y, Deng J, Wang M, Huang H, Li Z, Zhang X (2017)
Interaction between calcium and potassium modulates elongation
rate in cotton fiber cells. J Exp Bot 68(18):5161–5175

Hammerschmidt R, Nuckles EM, Kuc J (1982) Association of en-
hanced peroxidase activity with induced systemic resistance of
cucumber to Colletotrichum lagenarium. Physiol Plant Pathol
20:73–82. https://doi.org/10.1016/0048-4059(82)90025-x

Harlapur SF, Harlapur S, Harlapur SF (2020) Ecofriendly marigold dye
as natural colourant for fabric. In: Fahad S, Saud S, Chen Y,Wu C,
Wang D (eds) Abiotic stress in plants. IntechOpen, https://doi.org/
10.5772/intechopen.93823

Howladar SM (2018) Potassium humate improves physio-biochemical
attributes, defense systems activities and water-use efficiencies of
eggplant under partial root-zone drying. Sci Hortic 240:179–185.
https://doi.org/10.1016/j.scienta.2018.06.020

Ibrahim FR (2017) Impact of pinching on growth and yield of marigold
plant under potassium fertilizer combined with some stimulates.
Curr Sci Int 6(4):955–963

Jivan MJ, Abbasi S (2019) Nano based lutein extraction from marigold
petals: optimization using different surfactants and co-surfac-
tants. Heliyon 5(4):e1572. https://doi.org/10.1016/j.heliyon.2019.
e01572

Kumar A, Gautam RD, Kumar A, Bisht A, Singh S (2020a) Floral
biology of wild marigold (Tagetes minuta L.) and its relation to
essential oil composition. Ind Crops Prod 145:111996. https://doi.
org/10.1016/j.indcrop.2019.111996

Kumar P, Kumar T, Singh S, Tuteja N, Prasad R, Singh J (2020b)
Potassium: a key modulator for cell homeostasis. J Biotechnol
324:198–210. https://doi.org/10.1016/j.jbiotec.2020.10.018

Laosinwattana C, Wichittrakarn P, Teerarak M (2018) Chemical com-
position and herbicidal action of essential oil from Tagetes erecta
L. leaves. Ind Crops Prod 126:129–134. https://doi.org/10.1016/j.
indcrop.2018.10.013

Lichtenthaler HK,Welburn AR (1983) Determination of total caroteno-
ids and chlorophyll a and b of leaf extracts in different solvents.
Biochem Soc Trans 11:591–592

Madanan MT, Shah IK, Varghese GK, Kaushal RK (2021) Applica-
tion of aztec marigold (Tagetes erecta L.) for phytoremediation
of heavy metal polluted lateritic soil. Environ Chem Ecotoxicol
3:17–22. https://doi.org/10.1016/j.enceco.2020.10.007

Mahmoud TSM, Nabila EK, Abou RMS, Eisa RA (2019) Effect of
planting dates and different growing media on seed germination
and growth of pistachio seedlings. Bull Natl Res Cent 43:133.
https://doi.org/10.1186/s42269-019-0176-9

Malik CP, Singh MB (1980) Plant enzymology and histo-enzymol-
ogy—a text manual. Kalyani Publishers, New Delhi, p 286

Maraei RW, Eliwa NE, Aly AA (2019) Use of some biostimulants to
improve the growth and chemical constituents of sweet pepper.
Potrav Slovak J Food Sci 13:552–557

Meurer MC, Mees M, Mariano LNB, Boeing T, Somensi LB, Mari-
ott M, da Silva RCMVAF, dos Santos AC, Longo B, França TCS,
Klein-Júnior LC, de Souza P, de Andrade SF, da Silva LM (2019)

K

https://doi.org/10.1016/j.scienta.2019.108823
https://doi.org/10.1016/j.scienta.2019.108823
https://doi.org/10.1016/j.tifs.2020.09.023
https://doi.org/10.1016/j.tifs.2019.05.008
https://doi.org/10.1016/j.tifs.2019.05.008
https://doi.org/10.1016/j.serj.2018.01.002
https://doi.org/10.1007/s11356-020-07944-9
https://doi.org/10.1007/s11356-020-07944-9
https://doi.org/10.1007/s12633-019-00195-5
https://doi.org/10.1007/s12633-019-00195-5
https://doi.org/10.1016/j.tplants.2020.01.004
https://doi.org/10.1016/j.tplants.2020.01.004
https://doi.org/10.1007/s13399-022-02353-z
https://doi.org/10.3390/agronomy12020249
https://doi.org/10.3390/plants1001007
https://doi.org/10.1186/s40538-020-00192-6
https://doi.org/10.1016/j.scitotenv.2020.141274
https://doi.org/10.1016/j.scitotenv.2020.141274
https://doi.org/10.1016/j.bcab.2020.101636
https://doi.org/10.1016/j.bcab.2020.101636
https://doi.org/10.1007/s40415-020-00651-2
https://doi.org/10.1016/j.scienta.2020.109436
https://doi.org/10.1016/j.scienta.2020.109436
https://doi.org/10.1007/s13399-022-02433-0
https://doi.org/10.1007/s13399-022-02433-0
https://doi.org/10.1016/0048-4059(82)90025-x
https://doi.org/10.5772/intechopen.93823
https://doi.org/10.5772/intechopen.93823
https://doi.org/10.1016/j.scienta.2018.06.020
https://doi.org/10.1016/j.heliyon.2019.e01572
https://doi.org/10.1016/j.heliyon.2019.e01572
https://doi.org/10.1016/j.indcrop.2019.111996
https://doi.org/10.1016/j.indcrop.2019.111996
https://doi.org/10.1016/j.jbiotec.2020.10.018
https://doi.org/10.1016/j.indcrop.2018.10.013
https://doi.org/10.1016/j.indcrop.2018.10.013
https://doi.org/10.1016/j.enceco.2020.10.007
https://doi.org/10.1186/s42269-019-0176-9


Biochemical and Physiological Response of Marigold ( Tagetes Erecta L.) to Foliar Application of Salicylic Acid and Potassium...

Hydroalcoholic extract of Tagetes erecta L. flowers, rich in the
carotenoid lutein, attenuates inflammatory cytokine secretion and
improves the oxidative stress in an animal model of ulcerative col-
itis. Nutr Res 66:95–106. https://doi.org/10.1016/j.nutres.2019.
03.005

Mikołajczak N, Sobiechowska DA, Tańska M (2020) Edible flowers
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