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Abstract: Essential oils (EOs) extracted from various medicinal plants offer a promising alternative to
non-selective chemical substances commonly employed in conventional agriculture. Their chemical
composition includes several classes of chemical compounds with beneficial properties, such as
monoterpenes, sesquiterpenes, and phenylpropanoids, which can selectively control microbiological
elements in soil and plants. The aim of the present study was to evaluate the essential oils and
floral waters obtained from a new variety of marigold (Tagetes patula L., fam. Asteraceae, “Nanuk”
variety) across various parameters, including biochemical characterization using GC-MS, antioxidant
activity evaluated under three methods (DPPH, ABTS, FRAP), antimicrobial properties (for three
G~ bacteria: Perctobacterium carotovorum, Pseudomonas marginalis, Pseudomonas syringae and against
three phytopathogenic fungi: Rhizoctonia solani, Fusarium oxysporum, Botrytis cinerea), and insecticidal
activity. The results showed that when applied in high concentrations, marigold essential oil has a
potential bactericidal effect on P. carotovorum, as well as a potential fungicidal effect on B. cinerea.

Keywords: ecological treatment solutions; antioxidant; antimicrobial; insecticidal activity;

marigold extract evaluation; essential oil composition

1. Introduction

Essential oils (EOs) are complex mixtures of volatile, bioactive substances and com-
pounds [1,2], recognized for their properties and benefits, including proven antimicrobial
activity, against a large number of phytopathogenic strains [3,4]. They offer significant
benefits over synthetic agrochemical products, serving as an environmentally friendly
alternative. These compounds leave few residues in the environment and have demon-
strated low toxicity to mammals [5]. However, EOs are susceptible to degradation by
environmental factors such as heat, moisture, oxygen, UV radiation, and light. The main
disadvantages of EOs are their easy volatilization, difficult handling, and low solubility
in water due to their hydrophobicity [6]. These characteristics contribute to the challenge
of applying essential oils, particularly when there is a desire to use them across various
agricultural systems [7]. On the other hand, many EOs have been described as having
phytotoxic characteristics [8,9]. They have also been studied for their efficacy in weed
control due to their bioherbicidal potential [10].

EOs obtained from Tagetes spp. present a strong, sweet, fruity, citrus-like aroma.
They are yellow to red amber in color and they have medium viscosity. They can become
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thick like gel when exposed to air for a long time due to polymerization. EOs are rich
in monoterpene hydrocarbons (e.g., ocimene, limonene, terpinene, myrcene, etc.) and
acyclic monoterpene ketones (e.g., tagetone, dihydrotagetone, tagetenone), which are con-
sidered the primary compounds. In addition, they have smaller amounts of sesquiterpene
hydrocarbons and oxygenated compounds [10,11]. Among plant varieties, the amount
and type of compounds may vary. These variations arise from biological factors such as
temperature, soil differences, weather conditions, light exposure, and other environmental
factors. This implies that even among botanically identical plants, there can be variations
in their chemical compositions [12].

In the search for new control strategies based on natural products, a series of recent
papers have highlighted the antimicrobial activity of essential oils obtained from Tagetes
spp. Thus, in the study conducted by [2], encapsulating EOs obtained from Thymus vulgaris
and Tagetes minuta resulted in a reduced yield of potato tubers (10.14 g and 10.29 g tuber
weight/plant, respectively), while in vitro tests showed bacteriostatic activity against the
G* bacterium Streptomyces scabies, making them a promising tool for combating common
scab in potatoes, an economically significant disease.

Research in the field of biopesticides has shown that most of the marigold species
(Tagetes spp.) contain phytochemical substances with insecticidal activity [13,14]. Unfor-
tunately, many of these compounds have limited practical use due to their volatility and
weak persistence under field conditions.

A research study [15] has shown that there is quantitative variation in the bioactive
compounds in Tagetes erecta depending on variety, geographical area, extraction method,
environmental factors, and plant organs being processed. Additionally, the results support
the hypothesis that antifungal capacity and cytotoxic activity can be attributed to the
lipophilic nature and low molecular weight of the compounds in marigold essential oils. A
study [16] proved that Tagetes spp. extracts can be utilized for their biopesticidal potential.
However, before applying marigold extracts as biopesticides in agriculture, the active
compounds responsible for this effect should be thoroughly analyzed, and their mode
of action should also be better understood. Moreover, further studies are required to
assess the phytochemical residues of marigolds on soil arthropod communities and human
health before the commercial use of marigold-based biopesticides as an alternative to
conventional chemicals [16]. Some pathogens have been identified in the literature as
having the potential to be effectively controlled using essential oils. The pathogens tested
in this study are described below.

P. marginalis is a bacterium with phytopathogenic potential for vegetable plants and
some ornamental plants [17,18]. The infection symptoms may appear during vegetation,
after harvest, or during storage [19].

P. syringae, is a phytopathogenic bacterium with an extremely varied host range.
Due to this aspect, the species are used as a model organism in numerous studies [20]
to understand the pathogenicity mechanisms encountered by the bacteria. More than
50 pathological varieties have been identified for these bacterial species; these pathovars
can infect almost all plants of economic interest.

Pectobacterium carotovorum infects many vegetable plants, such as carrots, onions, pota-
toes, tomatoes, lettuce etc., but also decorative plants, like tulips, irises, calla lilies, etc. [21,22].
F. oxysporum comprises more than 120 special forms and resistance breeds, and most of
them are pathogenic to plants of agricultural and horticultural interest, with a very wide
range of host plants. Sometimes it can also develop saprophytically, on plant debris and in
the soil, or as an asymptomatic endophyte, harmless to the host. R. solani is a cosmopolitan
soil-borne fungi with a large spectrum of host plants, whereas B. cinerea is responsible for
gray mold, which can infect more than 200 plant species [23].

The aim of the present paper was to determine the chemical composition and the
pesticidal effects of essential oils and floral waters extracted from a new variety of marigold
(T. patula L., fam. Asteraceae). In the first phase, determinations of the composition of the oils
and floral waters were carried out utilizing GC-MS analysis. The assessment of antioxidant
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capacity was performed using DPPH (2,2-Diphenyl-1-picrylhydrazyl), ABTS (2,2’-azinobis
(3-ethylbenzothiazoline-6-sulfonic acid)), and FRAP (ferric ion reducing antioxidant power)
methods. The antimicrobial potential of the essential oils was investigated against three
Gram-negative phytopathogenic bacteria (P. carotovorum, P. marginalis, P. syringae) and three
phytopathogenic fungi (R. solani, F. oxysporum, B. cinerea). To evaluate insecticidal activity,
a formulation was created by combining essential oil with the entomopathogenic fungus
Beauveria brongniartii, with the aim of targeting and controlling the pest insect named
Sitophilus granarius.

2. Materials and Methods
2.1. Experimental Cultures and Plant Samples

The experiments were carried out using a new variety of marigold (T. patula L., fam.
Asteraceae), namely, the “Nanuk” variety (certificate no. 10003/2014), a semi-late variety
with a well-defined genetic constitution that is very well adapted to the climatic conditions
existing in Romania. Essential oils and floral waters were obtained by processing the plant
material collected from the novel variety in the 2018-2020 growing season (Figure 1).

Figure 1. Marigold (T. patula L., fam. Asteraceae), “Nanuk” variety.

The “Nanuk” marigold variety was obtained at S.C.D.L. Buzau and is characterized by
reddish-brown flowers and a bush height of 40-42 cm. The flowering period is between
July and the occurrence of the first frosts.

The cultivation complied with the specific recommended technological operations
(land preparation, planting seedlings, culture maintenance works, harvesting). Two har-
vests/year were obtained, during June to September 2018-2020, and the production varied
depending on the climatic conditions, with on average approx. 900 kg ha~! of green
vegetable raw material.

The raw material required for processing was produced in one of the experimental
fields belonging to INMA Bucharest Institute, situated in the Baneasa area (44°30'01" N;
26°04’19" E, altitude 90 m). The climate in this region is characterized as transitional
continental temperate, and the experimental lands are dominated by reddish-brown soils.
Throughout the growing season, the average temperature ranged from 19.4 °C in June
to 21.7 °C in August, and the average precipitation was recorded as 83.63 mm. There
was a peak in precipitation in June, reaching 155.9 mm, but deficits were noted in August
(34.2 mm) and in September (26.3 mm).

2.2. The Extraction Process of Essential Oils and Floral Waters

The marigold plants were harvested during the flowering stage in order to maximize
the quantity of oils and floral water. Extraction was completed using hydrodistillation
technology, processing series of 10 kg of green plants per batch, represented by selected
inflorescences and sprout tips. The process uses steam separation to obtain the hydrolate (a
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mixture of essential oils and floral waters), subsequently employing techniques based on
decantation, filtration, and density differences to separate the two products. The extraction
processing was set to 2.5 h per series. The equipment used for extraction was an Aura
distillateur, featuring a 130 L tank. Precise steam control was achieved through the use of
an electric steam generator of the MA 15-18 kW type, producing a constant 0.1 bar. After
separation using a 10 L Florentine vessel, the resulting oils and floral waters were stored in
opaque bottles and maintained at 4 °C until chemical evaluation and characterization [24].

The quantity of oil extracted from the vegetable material was determined using
Equation (1):

Observed volume of oil (mL)

100 1
Weight of sample (mL) 8 @

Oil(%v/wet base) =

2.3. Evaluation of Essential Oils and Floral Waters

Gas chromatography coupled with mass spectrometry (GC-MS) was used to identify
the chemical composition and concentration of the main volatile compounds. A 7890
A-Agilent Technologies gas chromatograph, in conjunction with the 5975 C Mass Selective
detector MS manufactured by Agilent Technologies, California, USA, and a Macrogol
Column 20,000 R (30 m x 0.25 mm ID, bonded 0.50 um), were the instruments utilized for
the examination. Helium was used as the carrier gas, with a flow rate of 1.5 mL/min. The
temperature range was from —250 °C (10 degrees/min) to 280 °C (const. 5.5 min). The
injector and detector temperatures were set at 220 °C and 235 °C, respectively. The mobile
phase consisted of 1 mL/min and the injector was split (split ratio: 1:100). The sample
was injected automatically, and 1 mL of essential oil was utilized for the analysis. Before
injection, 100 times the EO was dissolved in n-hexane. Fifteen milliliters of undiluted FW
were extracted into ten milliliters of n-hexane, and the mixture was dried over anhydrous
sodium sulfate R. An interval of 0-70 min was established as the scan range for the GC-MS
analysis. For each EO and FW, one sample was examined. The elements were identified
in the chromatograms for each testing probe using the retention times and spectra of the
reference solutions. By comparing the retention indices of the individual constituents to
those of compounds reported in the literature, the constituents were determined. The Wiley
Registry 10th Edition/ NIST Standard Reference Database 1A library served as the basis
for identification [24].

2.4. Evaluation of the EO and FW Antioxidant Activity
An improved depiction of the antioxidant activity of marigold EO and FW can be
obtained by utilizing three different assessment techniques (DPPH, ABTS, FRAP). The basic
ideas behind each technique and their synergy allow for a more precise evaluation of the
compounds [24].
A. The scavenger activity of the DPPH radical (2,2-diphenyl-1-picrylhydrazyl) is based
on the ability of antioxidants to reduce the DPPH radical. The rate of DPPH remaining
in the solution is determined using Formula (2):

Acontrol sample — Asample

%DPPH = x 100 )

Acontrol sample
where A ontrol sample 18 the absorbance of the control sample and Agample is the absorbance
of the sample.
The abbreviation “ICsy” refers to the quantity of samples needed to decrease DPPH
absorbance by 50%. Each sample was tested at five different concentrations in triplicate in
order to determine its associated ICs.

B. The scavenger activity of the ABTS radical (2,2'-azinobis (3-ethylbenzothiazoline-
6-sulfonic acid)): Because the expression of the extract antioxidant capacity can be
related to Trolox equivalents, the technique is known as TEAC (Trolox equivalent
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antioxidant capacity). Three Trolox standard calibration curves were used to express
the antioxidant capacity in milligrams (mg) of Trolox.

C.  Ferric ion reducing antioxidant power (FRAP): This relies on the capacity of antiox-
idants to reduce the yellow-colored tripyridyltriazine Fe>* (Fe (III)-TPTZ) complex
to the blue-colored tripyridyltriazine Fe?* (Fe (II)-TPTZ) complex by the action of
electron release by antioxidants. The evaluations were tested in triplicate, and the
FRAP values of each sample were expressed in mM Trolox g-1 for EOs and L-1h
for FWs.

2.5. Evaluation of Microbial Strains and Growth Conditions

The three G bacterial strains used were P. carotovorum, P. marginalis, and P. syringae.
All strains are natural isolates with high plant pathogenic activity. Bacterial inoculum was
obtained from fresh cultures and prepared in Luria Bertani (LB) broth at 28 °C. Three strains
of fungal phytopathogens, R. solani, F. oxysporum, and B. cinerea, which can produce high
economic losses in agriculture, were selected. For R. solani and F. oxysporum, the fungal
inoculum was prepared as mycelia plugs 8 mm in diameter collected from 14-day-old
cultures obtained on potato dextrose agar. In the case of B. cinereal, the fungal inoculum
was prepared as mycelia plugs 8 mm in diameter collected from 14-day-old cultures
obtained on potato dextrose agar [24].

2.6. Assessment of Essential Oil Emulsions

Emulsions were formulated in a solution containing 10% DMSO and supplemented
with 0.5% Tween 80. This solvent demonstrated no impact on microbial growth [25,26].
The tests performed for the EO of marigold were in C; = 100% (undiluted), in C; = 75%
(three quarters EO and the rest solvent), in C3 = 50% (half EO and half solvent), and in
C4 = 25% (one quarter EO and the remaining three quarters solvent).

2.7. Antibacterial Assay

The antibacterial potential of the essential oils was assessed under in vitro conditions
using non-ventilated, sterile polypropylene Petri dishes. Each dish was filled with 20 mL
of LB agar and inoculated with a fresh bacterial suspension containing 108 colony-forming
units per milliliter (CFU/mL). The essential oils were evenly distributed and spotted
(100 uL/spot) at equidistant points on each plate, with four replicates prepared for each
concentration of the oils being tested. Positive controls, lacking EOs, were also set up for
the phytopathogenic bacterium. All plates were sealed with parafilm and then incubated
at 28 °C. For each pathogen, two control plates were prepared: one containing only the test
bacteria (without the solvent), and another where the test bacteria were cultured with the
solvent (a mixture of 10% DMSO with 0.5% Tween 80 in water). Biometric measurements
were taken after 24 h and again after 7 days of inoculation (bacterial colony diameter).
Antibacterial activity was assessed based on the clear areas where the pathogen failed to
colonize the growth substrate [24].

2.8. Antifungal Assay

The antifungal assay was carried out under similar conditions as in the previous test.
However, PDA medium was chosen to maintain the fungal growth. Mycelia plugs with a
diameter of 8 mm were used to inoculate the central region of the plates. Four sterile paper
disks with a diameter of 5 mm were positioned two centimeters apart and equally spaced
from the fungus inoculum. An EO emulsion volume of 10 uL was placed in each disk.
Four replicates (Petri dishes) per EO concentration were prepared. Additionally, negative
controls lacking EO were made for every plant pathogenic fungus. For the first ten days
following inoculation, plates were parafilm sealed and incubated between 26 and 28 °C,
and daily analyses were performed. During this period, the fungus was able to fully
colonize the growth medium’s surface on the control plates. This represents the highest
level of active growth that can be measured using biometric techniques. To assess the



Appl. Sci. 2024, 14, 3159

6 of 20

marigold EO’s antifungal properties, biometric tests were performed on the fungal growth.
The mycelial growth was measured after 3, 5, 7, and 10 days after the fungus was placed in
Petri dishes and compared to the fungal growth in the control. To assess the marigold EO
antifungal properties, biometric tests were performed on the fungal growth after 10 days.
Fungal inhibition efficacy (E, %) was determined using Equation (3), proposed by [25]:

R, — Ry

c

E= x 100 3)
where R. = the radius of the fungal colony in the control plates, and Rt = the fungal radius
in the test plates.

Light microscopy examinations were conducted on the microbial growth in both the
control and test plates to identify any potential anomalies related to cells and mycelia [24].

2.9. Insecticidal Assay

A 0.5 mL volume of conidial suspension, obtained from an 18-day-old sporulated
culture of B. brongniartii (strain BbgMm1a/09), was used to inoculate Petri dishes containing
potato dextrose agar (PDA) medium. Around 2 h post-inoculation, medium discs with
a 7 mm diameter were excised from these plates. Subsequently, using a microbiological
loop, each disc was transferred to the center of a Petri dish containing PDA medium.
Additionally, a disc of sterile filter paper saturated with marigold essential oil in 7 different
concentrations (1, 2, 5, 10, 20, 50, and 100 uL 1~! air) was affixed to the inner side of the
dish lid. The dilution of essential oil and the concentration preparation were carried out
in a sterile 0.2% water—agar solution, with pipetting performed while being constantly
stirred. The plates were immediately sealed with parafilm and kept in an incubator at 23 °C
after application. Three duplicates of each concentration were tested. Over an interval of
seven days, the colony size was measured in two perpendicular directions. The following
formula was used to calculate the inhibition of mycelial growth in relation to the size of the
control colony (4):

IMG = ((Dc — Ds)/Dc) x 100 4)

where IMG = inhibition of mycelial growth, Dc = diameter of control colony, and Ds = diameter
of sample colony. To assess the insecticidal effect of the essential oil on the insect S. granarius,
adult specimens were utilized in this study. These adults were maintained in darkness at
room temperature of (22 £ 2 °C). Filter papers were saturated with 10 pL of essential oil
and positioned at the base of a 250 mL Berzelius beaker. Subsequently, 100 g of wheat were
added to the beaker, and 30 adult insects were released over the filter paper. The beakers
were placed in 5 L glass jars and covered. Treatments were performed in the dark, with
t = 20 °C and relative humidity RH = 55%. There was no EO used in the control treatment.
The number of dead S. granarius adults was determined at 2, 4, and 7 days after initiating
the treatment [24].

2.10. Statistical Processing of Experimental Data

The purpose of the analysis was to determine the statistical average temporal efficacy
for the EO, depending on the tested concentrations, against F. oxysporum and B. cinerea.
The insecticidal activity was determined using two-way ANOVA followed by Bonferroni
analysis, while the data interpretation was achieved using GraphPadPrism 5.01. software.
For each reading across time, four repetitions of the essential oils were conducted, and
the results were analyzed using simple statistical estimators, including arithmetic means,
medians, and quartiles.

3. Results
3.1. EO and FW Chemical Composition Evaluation with GC/MS

The chemical composition of the EOs obtained from the “Nanuk” marigold variety in
all three years is presented in Table 1.
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Table 1. Chemical composition of the EOs (period 2018-2020) isolated from the aerial plant part of
the marigold (T. patula L., fam. Asteraceae).

Compound Molecular RI 2018 * 2019 * 2020 *
Name Formula (Area %)  (Area %)  (Area %)
D-Limonene CyoHie 14.01 442 5.35 7.83
-Ocimene CyoHie 15.99 5.28 5.57 11.73
Carene CqoH1e 17.54 9.93 11.21 15.45
Oxirane CH4O 23.51 3.02 nd 6.25
-Pinocamphone C10H160 24.63 3.73 nd nd
Ciclohexene methanol C;H140 24.66 3.08 nd 3.13
cis-Tagetone C1oH160 24.71 nd nd 241
trans-Tagetone C10H160 25.13 nd 2.71 4.61
a-Pinocamphone C10H160 25.38 7.90 nd nd
Linalool C10H180 26.02 nd 427 2.34
Azulene C1oHg 26.93 nd 3.10 nd
Caryophyllene Ci5Hoy 26.74 12.69 13.38 3.45
Estragole C10H120 28.98 nd 13.58 4.09
cis-Verbenone C10H140 29.13 5.44 4.23 nd
Germacrene Ci5Hoy 29.44 6.12 6.97 nd
trans-Verbenone C10H140 29.58 10.18 nd 9.81
Eudesmadiene Ci5Hoy 30.89 nd 3.09 nd
Piperitone C10H160 29.86 3.77 9.01 1.36
Elemene Ci5Hps 30.00 4.20 2.53 3.05
Berbenone C10H140 34.27 9.37 nd nd
Piperitenone C10H140 34.07 8.49 6.56 8.73
3-Eicosyne CpoHsg 34.55 nd 4.55 nd
Phytol CooHyO 35.00 nd nd 1.48
Elemol C15Hy60O 37.22 2.38 nd nd
Cadinol Ci15Hp6O 39.30 nd 4.88 1.28
Total of major compounds 25 compounds ideg;i'fgi;():/lo, representing over
Classes
x‘:&g{g‘x‘z 19.63 25.23 35.01
ng);};gtg?;;fis 48.87 4036 16,34
Monoterpenes 68.50 65.59 81.35
ieys(i‘;i(fz;gsﬁg 23.01 24.97 6.50
sg;ﬁii’;‘;teis 238 488 128
Sesquiterpenes 25.39 29.85 7.78
hydrocasbons 0 455 0
Oxygenated 0 0 1.48

diterpenes
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Table 1. Cont.
Compound Molecular RI 2018 * 2019 * 2020 *
Name Formula (Area %) (Area %)  (Area %)
Diterpenes 0 4.55 1.48
Others 6.10 0 9.38

* Essential oils of the “Nanuk” marigold variety obtained during the period 2018-2020; RI—retention index; area
of the peak—the values were expressed as (area percentage); nd—not detected.

For the floral waters obtained from the dwarf marigold variety, the chemical composi-
tion is shown in Table 2.

Table 2. Chemical composition of the FWs (period 2018-2020) isolated from the aerial plant part of
the marigold (T. patula L., fam. Asteraceae).

Compound Molecular RI 2018 * 2019 * 2020 *
Name Formula (Area %) (Area %)  (Area %)
D-Limonene Ci0Hig 14.43 nd 4.33 nd
o-Pinene C10His 16.40 nd 4.28 nd
a-Terpineol C1oH150 17.55 1.16 7.84 nd
Oxirane C,H40 23.52 1.54 nd nd
cis-Tagetone C10H160 24.61 1.34 1.72 0.99
trans-Pinocamphone C1oH160 24.64 2.00 nd nd
trans-Tagetone C10H160 24.78 1.35 2.63 1.24
cis-Pinocamphone C10H160 25.40 456 nd nd
Linalool C1oH150 26.03 1.45 2.23 1.78
Terpinen-4-ol C10H180 27.24 nd nd 0.69
Azulene Cq10Hg 26.94 nd 3.40 nd
Caryophyllene Ci5Hoy 26.75 2.34 12.10 nd
Estragole C10H120 28.98 nd 11.64 0.67
Germacrene Ci5Hoy 29.76 nd 6.61 nd
Citral C1oH160 29.97 2.11 nd 2.39
cis-Verbenone C10H140 29.52 4.87 4.29 6.48
Borneole C10H150 29.55 nd nd 0.73
trans-Verbenone C10H140 29.59 5.43 nd 8.19
o-Humulene Ci5Hoy 29.91 nd 3.17 nd
Piperitone C10H160 30.16 14.18 2.90 10.96
Cadinenes Ci5Hps 30.26 nd 4.89 nd
Eudesmadiene Ci5Hoy 30.97 nd 2.00 nd
Elemene Ci5Hoy 30.91 nd 3.31 nd
Phenylethyl acetate C10H120 32.19 nd nd 0.95
Carvone C10H140 32.68 nd nd 0.79
Thymol C10H140 32.88 1.20 nd 0.70
Piperitenone C10H160 34.08 50.94 9.84 60.19

3-Eicosyne CpoHss 34.57 nd 523 nd
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Table 2. Cont.
Compound Molecular RI 2018 * 2019 * 2020 *
Name Formula (Area %) (Area %)  (Area %)
Phytol CpooHyoO 34.28 1.67 nd nd
Xylenol CgH1pO 35.13 nd nd 1.53
Cadinol Ci5Hp6O 39.31 nd 5.53 nd
Acetyl cresol CyoH100, 39.45 3.86 nd nd
Hydroxy-methylacetophenone CoH190, 39.78 1.72 nd 1.72
Ethanone C,H,O 39.89 nd 2.06 nd
Total of major compounds 34 compounds identified, representing 100%
Classes
Monoterpene
hydrocarbons 0 12.01 0
Oxygenated 90.59 43.09 95.80
monoterpenes
Monoterpenes 90.59 55.10 95.80
Sesquiterpene
hydrocarbons 2.34 32.08 0
Oxygenated 0 553 0
sesquiterpenes
Sesquiterpenes 2.34 37.61 0
Diterpene
hydrocarbons 0 523 0
Oxygenated 167 0 0
diterpenes
Diterpenes 1.67 523 0
Others 5.40 2.06 420

* Floral waters of the “Nanuk” marigold variety, obtained during the period 2018-2020; RI—retention index; area
of the peak—the values were expressed as (area percentage); nd—not detected.

The analyses conducted with GC-MS over three years (2018-2020) on FWs identified,
on average, 16 compounds, representing between 99.99% and 100% of the total compounds
separated. Carene (9.93-15.45%), caryophyllene (3.45-13.38%), piperitenone (6.56-8.73%),
piperitone (1.36-9.01%), and elemene (2.53—4.20%) were the main compounds identified.
Additionally, other compounds were identified in smaller quantities, such as D-limonene
(4.42-7.83%), p-ocimene (5.28-11.73%), etc. (Table 1).

Regarding the compound classes, the following were identified: monoterpenes
(65.69-81.36%), especially oxygenated monoterpenes (40.36-48.88%), along with sesquiter-
penes (7.78-29.85%), particularly sesquiterpene hydrocarbonate (6.50-24.97%). Addition-
ally, diterpenes were identified, more notably in 2019 (4.55%).

3.2. Antioxidant Activity of the EOs and FWs

The comparative antioxidant evaluation of both essential oils (EOs) and floral waters
(FWs) obtained during 2018-2020 is illustrated in Table 3.

For marigold essential oil, the result of the “Nanuk” variety obtained in the three years
(2018-2020) show that it exhibited high antioxidant activity, especially through the DPPH
method, for the samples related to the year 2018 (0.20 = 0.00 g 1-1). The lower the ICs
value, the higher the antioxidant capacity of the analyzed sample. In the case of testing
through the ABTS method, the highest antioxidant capacity was recorded for the sample
from the year 2019 (0.24 & 0.01 g~ 1), followed by the year 2020 (0.17 + 0.00 g~!), compared
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to the year 2018 (0.09 & 0.01 g~ !). The year 2019 showed a significant difference in the
antioxidant activity, influenced by the high humidity levels from the flowering period. The
results obtained through the FRAP method for marigold EO, “Nanuk” variety, show high
antioxidant capacity for the samples from the year 2019 (42.05 + 3.88 g~ !) and the year
2020 (35.04 + 2.18 g~ 1). There was a significant increase in antioxidant capacity for the
marigold essential oil sample from the year 2018 (0.20 4 0.00 171), as well as a substantial
increase in the values obtained through both the ABTS and the FRAP methods.

Table 3. Antioxidant capacity of EOs and FWs obtained from new variety of marigold (T. patula L.,
fam. Asteraceae).

Methods EOs* FWs*
2018 2019 2020 2018 2019 2020
DPPH 2 (IC5, L~ 1) 0.20 £ 0.00 0.61 £+ 0.02 0.72+0.02 35276 £2.21 12550+ 0.14 754.87 +2.19
ABTS @ (mM Trolox g~ 1) 0.09 + 0.01 0.24 £ 0.01 0.17 + 0.00 0.96 £ 0.02 1.58 + 0.30 0.27 £ 0.06
FRAP (mM Trolox g~ 1) 10.51 +£0.27 42.05+3.88 35.04 +2.18 0.05 £ 0.01 0.32 £ 0.00 0.08 £ 0.00

()

* EO—essential oil of marigold, “Nanuk” variety; * FW—floral water of marigold, “Nanuk” variety;
2018-2020—testing period; *—values are expressed as average £ SD (n = 3).

3.3. Antibacterial Activity of the EO

EO obtained by hydrodistillation of marigold inflorescences and shoot tips was tested
against three G-phytopathogenic bacteria: P. carotovorum, P. marginalis, and P. syringae. The
EO expressed wider inhibition areas when applied in ¢ > 50% against the tested bacteria. It
is assumed that, at this concentration, the emulsion contained sufficient solvent to ensure a
good dispersion of the active ingredient and sufficient essential oil for bacterial inhibition.

When tested against P. carotovorum, a correlation of the inhibitory effect with the
concentration was observed (after 24 h and 7 days of incubation, respectively) in the
EOs extracted from the “Nanuk” varieties after measuring the inhibition zones (Figure 2,
Table 4) of bacterial growth. These zones were slightly diminished, mainly by 0.3 <~ 0.4 cm.
Longer incubation times provided the opportunity for viable bacteria cells to multiply and
colonize the area spotted with oil sample, starting from the edge and going toward the
center. However, no colonies developed starting from inside the treated areas. This indicate
bactericidal activity only when the essential oils are in direct contact with the bacterial cells;
otherwise, the effect is bacteriostatic.

(b) (0 (d) (e)

Figure 2. Growth of P. carotovorum bacterium after one day of incubation in the presence of dif-
ferent concentrations of marigold EO. (a) Control without EO, (b) C; = 25% EO; (¢) C; = 50% EO;
(d) C3 =75% EO; (e) C4 = 100% EO.
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Table 4. The action of marigold EO on the bacterium P. carotovorum.

Sample Concentration Inhibition Diameter (cm)
% 24h 7 Days
Control sample - 0 0
100 1.30 1.08
Marigold EO, 75 1.28 1.13
“Nanuk” variety 50 1.05 1.00
25 0.83 0.73

Similar analysis carried out on P. marginalis showed a bacteriostatic effect of the EO
against this pathogen (Figure 3, Table 5).

(@) (b) (0 (d) (e)

Figure 3. Growth of P. marginalis bacterium after one day of incubation in the presence of differ-
ent concentrations of marigold EO. (a) Control without EO, (b) C; = 25% EO; (c¢) C; = 50% EO;
(d) C3 =75% EO; (e) C4 = 100% EO.

Table 5. The action of marigold EO on the bacterium P. marginalis.

Sample Concentration Inhibition Diameter (cm)
% 24h 7 Days
Control sample - 0 0
100 0.80 The bacteria were not
Marigold EO, 75 0.75 influenced by the EO
“Nanuk” variety = 055 anymore, and small

isolated colonies
25 0.53 were identified.

The results obtained on P. syringae show that marigold EO reduced the density of
bacterial growth on the oil spot footprint in all four tested concentrations, with the effect
being bacteriostatic (Figure 4, Table 6).

(a) (b) (9) (d) (e)

Figure 4. Growth of P. syringae bacterium after one day of incubation in the presence of different
concentrations of marigold. (a) Control without EO, (b) C; = 25% EO; (c) Cp = 50% EO; (d) C3 = 75%
EO; (e) C4 = 100% EO.
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Table 6. The action of marigold EO on the bacterium P. syringae.
Sample Concentration Inhibition Diameter (cm)
% 24h 7 Days
Control sample - 0 0
100 0.50 The bacteria were not
Marigold EO, 75 0.40 influenced bydthe ElCl)
“Nanuk” variet anymore, and sma
Y 50 0.30 isolated colonies
25 0.24 were identified.

3.4. Antifungal Activity of the EO

The EO obtained by hydrodistillation were tested against the pathogenic fungi R. solani
(Figures 5 and 6 and Table 7), F. oxysporum (Figure 7 and Table 8), and B. cinerea (Figures 8 and 9
and Table 9). Observations on fungal growth in the presence and absence of the essential
oil were made after 3, 5, and 7 days of incubation at 28 °C. Subsequently, to determine
whether marigold EO exhibits fungicidal or fungistatic activity, the same plates were also
analyzed after 10 days of incubation (Figures 5-9).

(@) (b) (0 (d) (e)

Figure 5. Growth of the phytopathogenic fungus R. solani after 10 days of incubation in the presence
of different concentrations of marigold EO. (a) Control without EO, (b) C; = 25% EO; (c) C; = 50%
EO; (d) C3 =75% EO; (e) C4 = 100% EO.

N

Figure 6. Microscopic images of the mycelium R. solani in the presence of the EO of marigold
(Cy =25%), “Nanuk” variety. The box depicts the magnified studied area, and the arrows highlight
the EO action on the cells.
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Table 7. The action of marigold EO on the phytopathogenic fungus R. solani.
Sample Concentration Inhibition Diameter (cm) Efficiency
Y% 3 Days 5 Days 7 Days 10 Days %
Control sample 0 3.90 3.90 3.90 3.90 /
100 0 0.03 0.13 0.88 77.58
Marigold EO, 75 0 0.18 0.43 1.68 57.00
Nanuk” variety 50 0.23 2.05 3.48 3.90 0
25 1.80 3.40 3.90 3.90 0
(a) (b) (c) (d) (e)
Figure 7. Growth of the phytopathogenic fungus F. oxysporum after 10 days of incubation in the
presence of different concentrations of marigold EO. (a) Control without EO, (b) C; = 25% EO;
(c) C2 =50% EO; (d) C3 =75% EO; (e) C4 = 100% EO.
Table 8. The action of marigold EO on the phytopatogenic fungus F. oxysporum.
Sample Concentration Inhibition Diameter (cm) Efficiency
% 3 Days 5 Days 7 Days 10 Days %
Control sample 0 1.23 2.42 3.20 412 /
100 0.12 0.10 0.45 1.05 74.51
Marigold EO, 75 0.10 0.50 1.00 1.80 56.31
Nanuk” variety 50 0.20 0.70 1.50 2.17 4733
25 0.75 1.60 2.37 3.25 21.12
(@) (b) (©) (d) (e)

Figure 8. Growth of the phytopathogenic fungus B. cinerea after 10 days of incubation in the presence
of different concentrations of marigold EO. (a) Control without EO, (b) C; = 25% EO; (c) C; = 50%

EO; (d) C3 = 75% EO; (e) C4 = 100% EO.
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Figure 9. Inhibitory activity of marigold EO, “Nanuk” variety, against B. cinerea. The arrow highlight
the EO action on the cells (leakage of cytoplasm from the mycelium).

Table 9. The action of marigold EO on the phytopatogenic fungus B. cinerea.

Sample Concentration Inhibition Diameter (cm) Efficiency
% 3 Days 5 Days 7 Days 10 Days Y%
Control sample 0 1.40 2.60 3.45 3.80 /
100 0 0 0 0 100
Marigold EO, 75 0 0 0 0 100
“Nanuk” variety
50 0 0 0 0.35 90.79
25 0 0.44 1.24 2.14 43.75

After 10 days of incubation, EO had an efficacy of 77.6% in inhibiting the growth of
R. solani when applied undiluted and 57.0% at a concentration of C3 = 75% oil in emulsion. The
last concentrations tested (Cq = 25% and C, = 50% in emulsion) did not inhibit the colonization
ability of R. solani, although the hyphae were less abundant compared to the untreated control.
Optical microscopy studies showed that the morphology of R. solani colony in the presence of
the oil at C; = 25% underwent changes. Near the oil-impregnated discs, the cells were shorter
and some of them were slightly swollen and thickened (Figure 6, arrow).

For the phytopathogenic fungus F. oxysporum, it should be noted that marigold EO
(Figure 7) did not have fungicidal activity, only fungistatic, and was able to delay mycelial
growth, with the degree of inhibition depending on the concentration of the oil used and
its composition.

For the “Nanuk” variety of marigold EO after 10 days of incubation, for C; = 25%,
B. cinerea showed delayed growth in the region where the oil was placed (Figure 8), in-
dicating that the inhibitory effect was also due to other non-volatile compounds. As a
general observation, for marigold EO at high concentrations (C > 50%), mycelial growth
was completely suppressed compared to the control, and at C; = 25%, mycelial growth was
only delayed by 3 days.

Optical microscopy data show that in the oil spot area, the fungus had very limited
contact with the agar surface; perforations in the cell wall and leakage of cytoplasm from
the mycelium were observed (Figure 9).

3.5. Insecticidal Activity of the EO

This study aimed to test the effects of this EO, with the goal of obtaining a potential
product that incorporates in its formula both marigold EO and the entomopathogenic
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fungus B. brongniartii to collectively combat the storage insect S. granarius. The results
obtained for the tested marigold EO showed a fungistatic effect of 100% at a concentration
of ¢ = 100 uL L~! air two days after inoculation. It was also observed that in the first
two days, at concentrations of ¢ = 1 uL. L1 air and ¢ = 2 uL. L™ ! air, marigold EO had a
stimulating effect on fungal mycelium growth. The inhibitory effect is positively correlated
with the tested concentration (Figure 10). The two-way ANOVA test showed that the factors,
treatment (df = 3, F = 10.76, p = 0.003), and concentrations (df = 6, F = 198.1, p < 0.0001) had
a highly significant influence on the fungal mycelium growth.

Also, this EO did not exhibit satisfactory fumigant activity against adult S. granarius,
as no mortality was recorded during the testing period. This could be related to the low
concentration of EO in the air and the low incubation temperature. The initial objective
was to combine the attributes of marigold essential oil with those of the entomopathogenic
fungus B. brongniartii, aiming for an enhanced insecticidal effectiveness against the insect
S. granarius. However, given the essential 0il’s lack of efficacy against the insect, it was
decided not to proceed with the experiment involving the mixture of the two solutions. The
two control solutions (fungi and essential oil) were tested only separately against the insect.

Concentration, pl I! air

Figure 10. The fumigant effect of marigold EO, “Nanuk” variety, on mycelial growth in B. brongniartii
at different concentrations (after 2, 4, and 7 days).

4. Discussion
4.1. EO and FW Chemical Composition Evaluation

Diterpenes are not usually present in EOs but are sometimes encountered as minor,
insignificant constituents [26]. The marigold EO was rich in monoterpenic hydrocarbons
(ocimene, limonene, terpinene, myrcene, etc.) and acyclic monoterpenic ketones (tagetone,
dihydrotagetone, tagetenone), which are the primary compounds, in addition to smaller
amounts of sesquiterpenic hydrocarbons and oxygenated compounds. Within these groups,
the chemical diversity is quite high. Figure 11 shows the main chemical structures of
the compounds identified in the marigold EO, which were also found in many other
studies [27,28].

There are studies that mention the impact of geographical origin on the chemical diver-
sity [29] of the EOs obtained from T. patula. In the studies [30,31], limonene, x-terpinolene,
4-vinylguaiacol, and y-terpinene are mentioned as the main compounds; however, there is
a lack of evaluation of some compounds, such as 3-ocimene, 3-caryophyllene, piperitone,
and piperitenone.
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Figure 11. Chemical structures of the main compounds identified in Tagetes spp. EOs [11].

Two studies conducted on the EO obtained from marigolds [31,32] found that the
main identified compounds were limonene, (Z)-3-ocimene, o-terpinolene, (E)-tagetone, (Z)-
tagetone, piperitenone, piperitone, and 3-caryophyllene in variable amounts, confirming
the results obtained in the present work.

Marotti et al. mention that in Italian essential oils obtained from marigold inflores-
cences, the main compounds are piperitone (28.9%), terpinolene (5.8%), 3-caryophyllene
(3.8%), limonene (3.5%), linalool (2.7%), myrcene (1.8%), and terpinen-4-ol (1.1%) [32]. In
the case of the “Nanuk” variety, some of these compounds were identified, but in differ-
ent quantities (usually higher)—for example: piperitones 1.36-9.01%, 3-caryophyllenes
3.45-13.38%, limonenes 4.42-7.83%, and linalool 2.34-4.27%.

As in the investigated case, other studies [33,34] also obtained significant variations
egarding the compounds obtained during the 3 years (2018-2020), depending on the year.
Therefore, the primary factor influencing these variations is likely to be the fluctuation in
climatic conditions. Regarding the compound classes, in marigold FW (“Nanuk” variety),
mainly monoterpene compounds were identified (55.10-95.80%), especially oxygenated
ones (95.80%), followed by sesquiterpenes (37.61% in 2019) and diterpenes in smaller
amounts (1.67-5.23%).

It should be noted that the chemical composition of EO and FW largely depends on a
series of endogenous and exogenous factors, including genetic traits of the plant/variety,
plant organs from which extraction is performed (roots, leaves, stems, capitula), growth
conditions, drying and storage, and stress factors (weather conditions during the cultivation
year, disease, and pest attacks) affecting the plant. The chemical composition of the EO is
influenced by extraction methods and solvents used, extract standardization, etc. [33].

4.2. Antioxidant Activity of the EOs and FWs

The comparative values of antioxidant activity for FWs obtained during the period
2018-2020 through the three methods (DPPH, ABTS, FRAP) showed significant variations
in antioxidant capacity values. It is noticeable that for all the IC5y values of marigold FWs
there was a doubling of the value (over the three years), which correlates with a lower
antioxidant capacity compared to that of the EOs. This could suggest a modification in
their chemical composition due to a decrease in the concentration of compounds with
antioxidant activity.

The results in this study show the ability of EOs obtained from the “Nanuk” variety to
eliminate three different radicals, suggesting their usefulness as potent antioxidant agents
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for further investigations. Additionally, the variation in climatic conditions over the three
years (2018-2020) has influenced the chemical composition of EOs and FWs, indicating
a potential modification in their chemical composition by decreasing or increasing the
concentration of compounds with antioxidant activity.

The study conducted on EOs obtained from the aerial parts of T. ellipitica exhibited
moderate antioxidant activity [35]. The antioxidant properties can be attributed to a high
content of ketones (acyclic monoterpenes), including cis- and trans-tagetenone and tagetone,
found in the composition of the EOs, as well as the synergistic action among various major
and minor compounds [36]. However, the mechanism by which the compounds in EOs
exert their antioxidant effect is not yet fully understood. Several mechanisms have been
proposed, primarily their redox properties, which play a significant role in the absorption
and neutralization of free radicals, as well as the decomposition of peroxides [37].

4.3. Antibacterial and Antifungal Activity of the EO of Marigold

Based on the experimental results obtained, the hypothesis that this EO could have
a bactericidal effect against P. carotovorum is not excluded, and a correlation is observed
between the inhibitory effect and the concentration used. The recorded bacterial growth
resulted from the colonization and expansion of colonies only at the periphery of the EO
spots. No isolated colonies were observed on the EO footprint, supporting the hypothesis
that bacteria that came into direct contact with the EO lost their viability and could not
proliferate further. EOs contain various active compounds that can disrupt multiple targets
in bacterial cells, and one of the most important is the cytoplasmic membrane [38]. Some
compounds in EOs increase the permeability of the cell membrane, leading to its loss
of viability, a phenomenon associated with ion homeostasis and the electron transport
chain [39].

The results obtained in the tests performed on P. marginalis (bacteriostatic effect)
confirm a series of experimental findings. Although after 24 h of incubation good inhibitory
efficiency was observed, in line with the increase in essential oil concentration, after 7 days
of incubation, it was noticed that in the variants where a solvent was used, the colony
density was lower in the previously clear area. Colonies developed in that region were rarer
compared to plates where undiluted EO was tested. Colony density, however, could not be
assessed differentially between test dilutions. Marigold EO used undiluted maintained a
clear area of inhibition of bacterial growth even after 7 days of incubation. This aspect can be
justified by the fact that this oil, being denser, may have evaporated more slowly compared
to the others. However, taking into account the fact that after 7 days bacterial colonies
were also observed in the initially clear area (after 24 h), the EO effect was bacteriostatic.
Tests conducted by [40], showed that hyssop essential o0il was almost inactive against
certain Gram-negative bacteria (P. aeruginosa, E. coli, Salmonella typhi). Romagnoli et al. [41]
extracted the EO from dried T. patula flowers and investigated its antifungal effect on
Penicillium digitatum and B. cinerea strains. The EO showed remarkable activity in both
fungi, reaching 100% inhibition, even at the lowest concentrations. Flower extracts of
T. patula exhibited toxicity against soil-borne fungus F. oxysporum f.sp. lycopersici, causing
wilt disease in tomato plant [41].

Thembo et al. [42] used the aerial parts from T. minuta against isolates from four fungi
species of agricultural and clinical importance: F. verticillioides, F. proliferatum, Aspergillus
flavus, and A. parasiticus. The extraction solvents used were hexane, dichloromethane,
methanol, and water. The concentration of the extracts was 10 mg/mL. The drug ampho-
tericin B and the agricultural fungicide Cantus were used as positive controls.

Despite the promising in vitro results, in-depth studies are required to understand
the mechanisms of action of EOs obtained from Tagetes spp. for their potential use in
biotechnology [43,44]. Compounds in these EOs, especially terpenoids (dihydrotagetones,
tagetones, ocimenones), are responsible for the identified antimicrobial activity [43]. In the
future, the goal is to identify the active compounds in these EOs by fractionating them and
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determining the antimicrobial activity for each compound individually, considering both
synergistic and antagonistic antimicrobial interactions [45].

4.4. Insecticidal Activity of the EO of Marigold

Previous studies have shown that the insecticidal activity of marigold EO correlates
with the major compounds it contains (Table 1). The present study showed that marigold
essential oil exhibited complete inhibition of an entomopathogenic fungus, but it did not
demonstrate any activity against the insect. Consequently, it is not considered a viable
alternative as an insecticide. However, other studies have shown that extracts with similar
compounds could have effects in certain conditions. Zoubiri and Baaliouamer documented
the high effectiveness of EOs of T. minuta against Anopheles gambiae mosquitoes, which
are responsible for malaria transmission [44]. Insecticidal investigation of T. erecta leaf oil
against the white termite of sugarcane fields (Odontotermes obesus Rhamb.) showed that it
conferred 100% mortality at 6 uL/Petri plate dose after 24 h of exposure, whereas at lower
doses and shorter exposures, it showed diminished mortality rates [45,46].

For the EO obtained from T. lucida, repellent activity against Sitophilus zea mais was
observed. The main compounds in this EO were oxygenated monoterpenes and phenolic
compounds [47].

5. Conclusions

The essential oil obtained in the 2020 production showed the best chemical composition
in terms of both the compounds obtained and their quantities.

The antifungal activity demonstrated the most significant efficacy against the phy-
topathogenic fungus B. cinerea, with treatment effectiveness exceeding 90% at concentra-
tions above 50%.

The EO obtained from the “Nanuk” variety of marigold did not exhibit any insecticidal
effects on S. granarius.

The floral water of this variety was solely analyzed for its chemical composition and
antioxidant activity, as the substances of interest were detected in significantly low amounts,
making them unsuitable for other purposes.
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