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ABSTRACT

Essential oils are effective in controlling pathogens and are recognized
as safe for humans and the environment. The objective was to
characterize the chemical compounds in the essential oil of Tagetes
linifolia and to evaluate the in vitro and in vivo effects against Botrytis
cinerea. The essential oil was analyzed using gas chromatography-
mass spectrometry (GC-MS). In vifro assays included six
concentrations of oil (1, 0.5, 0.1, 0.01, 0.001, and 0.0001 %), a control,
and the fungicide Cabrio® C against B. cinerea. Probit analysis was
used to estimate the lethal concentration LC,, and LC,,. Subsequently,
LC,,, LC,,, Tween 80 0.01 % and a control were evaluated on conidial
germination in vitro. LC,, and LC,, were also evaluated on strawberry
fruits. Twenty-five chemical compounds were identified in the essential
oil. The 1and 0.5 % concentrations inhibited B. cinerea with no statistical
difference compared to the commercial fungicide. Tween 80 promoted
conidial germination (89 %) while the lethal concentration LC,, (1.6 %)
completely inhibited germination. Fruit treated with LC,, showed lower
incidence and severity. The essential oil exhibited fungistatic effect
against B. cinerea and a protective effect on strawberry fruits.
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Inhibicién de Botrytis cinerea. / Inhibition of Botrytis cinerea.

RESUMEN

Los aceites esenciales son eficaces para controlar patégenos, ademas, son reconocidos
como seguros para el humano y el ambiente. El objetivo fue caracterizar los compuestos quimicos
en el aceite esencial de Tagetes linifolia y evaluar su efecto in vitro e in vivo contra Botrytis cinerea.
El aceite esencial se analizé mediante cromatografia de gases-masas (GC-MS). Se evaluaron in
vitro seis concentraciones de aceite (1, 0.5, 0.1, 0.01, 0.001 y 0.0001 %), un testigo y fungicida
Cabrio C contra B. cinerea. Mediante analisis Probit se estimo la concentracion letal LC,  y LC, .
Posteriormente, LC,, LC,,, Tween 80 al 0.01 % y un testigo se evaluaron en la germinacion in
vitro de conidios. LC, y LC,, fueron retomados para su evaluacion en frutos de fresa. En el aceite
esencial se identificaron veinticinco compuestos quimicos. Las concentraciones de 1y 0.5 %
inhibieron a B. cinerea sin diferencias estadisticas con respecto al fungicida comercial. Tween
80 promovid la germinacién de conidios (89 %) y con la concentracion letal LC,; (1.6 %) no hubo
germinacion. Los frutos tratados con LC,, mostraron menor incidencia y severidad. El aceite
esencial tuvo efecto fungistatico contra B. cinerea y efecto protector en los frutos de fresa.

PALABRAS CLAVE:Incidencia, moho gris, severidad, Tagetes linifolia.

Introduction

Strawberry (Fragaria x ananassa) is a crop of global importance, in 2023, approximately
434,977 ha were cultivated worldwide, with a production of 10,485,454.06 t (FAOSTAT, 2025).
Mexico is one of the leading producers, in 2024, the national planted area was 15,936.46 ha,
with a yield of 696,112.63 t (SIAP, 2024). Its fruits are a source of vitamins and various bioactive
compounds (Padmanabhan et al., 2016). However, they are highly susceptible to mechanical
damage, dehydration, field rots, storage, transportation, and commercialization (Petrasch et al.,
2019). Losses between 25 % and 55 % have been reported during pre-harvest and up to 89 %
during post-harvest (Vanti et al., 2021). Botrytis cinerea causes gray mold disease, with a high
incidence on strawberry fruits. This pathogen affects approximately 1,400 plant species, resulting
in economic losses (Elad et al., 2016).

Current control strategies against this and other pathogens include synthetic fungicides
such as carbendazim, dicarboximides, anilinopyrimidines, phenylpyrroles, quinone outside
inhibitors, and succinate dehydrogenase inhibitors (Shao et al., 2020). For example, Cabrio C®
(boscalid and pyraclostrobin) is an effective fungicide, as it inhibits mitochondrial respiration in
Botrytis cinerea (Gl et al., 2024). However, several strains of B. cinerea have already developed
resistance to Boscalid and pyraclostrobin (Gl et al., 2024). Also, synthetic fungicides have been
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shown to be highly toxic to a wide range of beneficial soil microorganisms, contaminate water
and food, and pose a risk to aquatic biota (Zubrod et al., 2019; Edward, 2021). Moreover, cases
of fungicide poisoning in agricultural regions are a significant consideration in regulating their
continued use, as they have been linked to neurotoxicity, genetic mutations, the development
of cancerous tumors, congenital malformations, and endocrine disruption (Ahmad et al., 2024).

Therefore, alternative options have been sought, and essential oils from plants have
been proposed as a way to minimize the use of these synthetic products. These generate less
concern for human health and environmental pollution (Zulu et al., 2023). Several essential
oils have demonstrated antifungal activity both in vitro and in vivo against different species of
phytopathogenic fungi (Abdi-Moghadam et al., 2023). Due to their high volatility, ephemeral
nature, and biodegradability (Falleh et al., 2020), they have been granted GRAS (Generally
Recognized as Safe) status by the Food and Drug Administration (FDA) (Jackson-Davis et al.,
2023). Therefore, they are used as fruit preservatives, as they slow down or inhibit fungal growth
(Freche et al., 2022). For example, Echinophora platyloba oil (0.5 %), Citrusxlimon oil (0.01 %),
and Cinnamomum cassia oil (0.01 %) showed potential for strawberry fruit preservation (Freche
et al., 2023; Kebriti et al., 2025).

The Tagetes genus is considered endemic to the American continent (Serrato, 20142).
Therefore, it has been studied for various purposes. The in vitro fungicidal and fungistatic effects
against B. cinerea have already been documented with the essential oils from T. Jucida and T.
remotiflora (Ruiz-Gonzalez et al., 20252; Ruiz-Gonzalez et al., 2025). Their abundant chemical
compounds, primarily monoterpenes, sesquiterpenes, and phenylpropanoids (Salehi et al., 2018;
Serrato, 20142), are responsible for inhibiting mycelial growth and sporulation in certain fungi
(Achimon et al., 2021).

Although information is available on the uses of various Tagetes species in the cosmetics
and food industries, in traditional medicine, and as bactericides and pesticides (Salehi et al.,
2018; Serrato et al., 2014"), the biological properties of some species remain unknown, such as
Tagetes linifolia Seaton, which is regionally distributed in Mexico (Turner, 1996). It is a perennial
shrub, 20-40 cm tall (Turner, 1996), and, to date, no information is available on its chemical
composition, biological effects, or potential uses (Serrato et al., 2014°). Due to the destruction
and alteration of natural habitats, the study and understanding of endemic species represent an
option for their use and conservation (Coelho et al., 2020). Moreover, the cultivation of T. linifolia
offers advantages for its use, as it is a shrub species with the ability to resprout. The objective was
to characterize the chemical compounds in the essential oil of T. linifolia and evaluate its effect in
vitro and in vivo against B. cinerea.
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Materials and Methods
Essential oil extraction and chemical analysis

In Tezontepec, Puebla, Mexico (19.505131, -97.503948), flowering plants of T. linifolia
were collected in October 2022 (Figure 1). The fresh tissue consisting of flowers, stems, and
leaves was ground, and a 4 kg sample was subjected to hydrodistillation using an ltalian-type
distiller, a yield of 0.87 mL kg was obtained. The essential oil was transferred to amber glass
bottles and stored under refrigeration (4 °C). Three herbarium specimens were deposited in the
“Herbario-Hortorio JES” of the Universidad Auténoma Chapingo (voucher 35885).

Figure 1. Tagetes linifolia flowering at Tezontepec, Puebla, Mexico.

Source: Miguel Angel Ruiz Gonzalez.

The chemical analysis of the essential oil was performed at the Laboratorio de Productos
Naturales of the Preparatoria Agricola Chapingo using the Solid-Phase Microextraction (SPME)
technique (Xu & Ouyang, 2018). The fiber was exposed to the vapor phase of the sample (1 pL)
and injected into a gas chromatograph coupled to an ion trap mass spectrometer (GC-MS Agilent
Technologies 7890 Agilent 240, Agilent Technologies). A VF-5ms capillary GC column, 30 x 0.25
(0.25), was used. The injector temperature was set at 250 °C, with a split/splitless injection mode
(1:20). AVF-5 MS column (30 m x 250 um x 0.25 ym) was used with helium as the carrier gas and
a flow rate of 0.5 mL min"' and a pressure of 0.5 atm. The oven was programmed with a heating
ramp from 70 °C to 120 °C at 2 °C min™, then from 120 °C to 230 °C at 15 °C min'. The sample
was analyzed in duplicate.

The chemical compounds were identified by comparing the retention times and mass
spectra with the National Institute of Standards and Technology (NIST) mass spectral library and
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confirmed by calculating the Kovats index, as compared to the literature (NIST: https://webbook.
nist.gov/chemistry/). n-Alkanes (C8-C20) were used to calculate this index, and a variation of *
40 units was used to identify the compounds. The relative abundance of each compound was
estimated based on peak area.

In vitro evaluation

The experiment was conducted at the Laboratorio de Resistencia Genética at the
Universidad Auténoma Chapingo, Texcoco, Mexico. B. cinerea (GenBank accession number:
PP401673.1) was reactivated in Potato Dextrose Agar (PDA) culture medium (BD Bioxon®) and
incubated in a culture oven (Ecoshel, 91210) under dark conditions at 18 + 2 °C for five days.

Through dilutions, emulsions were prepared using 0.01 % Tween 80 (Sigma Aldrich
Company, Darmstadt, Germany), double-distilled water, and essential oil at six concentrations (1,
0.5, 0.1, 0.01, 0.001, and 0.0001 %), the control was PDA medium sterilized in autoclave (AESA,
CV 300) at 120 °C for 15 min. 1 g L' of the fungicide Cabrio C (boscalid and pyraclostrobin) was
used as a reference. Antifungal activity was evaluated using the poisoned medium technique
(Erhonyota et al., 2023). A four-day-old colony was used to obtain a 3.5 mm disc containing
mycelium with a sterile dissection needle, which was placed in the center of 90 mm diameter
Petri dishes. The incubation conditions remained the same. Over a period of five days, and
every 24 hours, mycelial growth was measured using a digital vernier (Truper, 14388). Mycelial
growth inhibition was estimated from the data obtained (Fokkema, 1973). At the end of the in vitro
evaluation, the lethal concentrations LC,, and LC_, were determined using Probit analysis in the
SAS academic software (Castillo, 2007).

Evaluation of Probit concentrations in conidia

The LC,, and LC,, concentrations were evaluated on B. cinerea conidia. In a 250 mL
Erlenmeyer flask, 100 mL of sterile double-distilled water and 10 pL of Tween 80 were added.
Conidia of B. cinerea were obtained from a 12-day-old colony with sporulation by scraping. The
Erlenmeyer flask was vortexed (Cole-Parmer, lllinois, USA) for 10 s and the conidia count was
performed in triplicate in a Neubauer chamber (Marienfeld, CNLBO01). A conidia suspension of
5x10° was obtained.

In PDA medium combined with essential oil, the following treatments were prepared: a)
PDA+LC,,, b) PDA+LC,, c) PDA+Tween 80 at 0.01 %, and d) control with only PDA. Prior to
emptying the PDA medium, 2 L of the suspension (100 conidia) was added to the center of each
Petri dish, and then the PDA medium was emptied at room temperature. The Petri dishes were
homogenized by circular movements to distribute the conidia in the culture medium and incubated
under the previously described conditions. Every 24 h, the germinated conidia were counted until

96 h.
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Evaluation of Probit concentrations on fruits

Commercially ripe fruits from strawberry var. “FESTIVAL” plants were harvested and
disinfected with sodium hypochlorite (Clorox®) at 50 ppm for 3 min. The fruits were rinsed with
sterile double-distilled water and placed on absorbent paper. Treatments with inoculated and
uninoculated fruits were evaluated. The fruits were immersed for 15 seconds in the essential oll
emulsion of LC_, and LC,,, prepared with Tween 80 (0.01 %) and double-distilled water.

Five fruits were placed in transparent hinged polystyrene containers and, after 6 hours,
only the fruits in the inoculation treatment were inoculated by spraying with 10 mL of a suspension
of conidia (1%10¢) of B. cinerea. The containers were refrigerated at 4 °C, and the development of
fruit rot was evaluated using an incidence analysis (Equation 1) at five, ten, and fifteen days post-
inoculation. Fifteen days post-inoculation, surface mycelium growth was recorded to estimate
severity (Equation 2) (McKinney, 1923). The scale developed by Romanazzi et al. (2013) was
used: 0) healthy fruit; 1) 1-20 % of the fruit surface infected; 2) 21-40 % of the fruit surface infected;
3) 41-60 % of the fruit surface infected; 4) 61-80 % of the fruit surface infected; 5) more than
80 % of the fruit surface infected. Uninoculated fruit and inoculated fruit without the application of
essential oils were used as controls.

Equation 1: estimate of incidence on fruit

Equation 2: severity estimation in fruits on a scale of 0-5

Xi: severity scale score
ni: number of fruits with scale xi
N: total number of fruits observed

Z: highest score

Revista Bio Ciencias 13, e1767. 6
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Data analysis

A completely randomized design was used in the experiments. The in vitro treatments with
PDA medium had five replicates. For the fruit evaluation, three replicates were performed with five
fruits in each replicate. The variables inhibition, germination percentage, incidence, and severity
were analyzed using the SAS academic software through analysis of variance and Tukey’s multiple
comparison tests (p < 0.05).

Results and Discussion
Chemical compounds in essential oil

Twenty-five chemical compounds were identified in the essential oil of T. linifolia, including
40 % terpenoids, 32 % monoterpenes, 12 % sesquiterpenes, and some esters (8 %), ketones
(4 %), and alcohols (4 %) (Table 1), which is consistent with Salehi et al. (2018), who mention that
Tagetes essential oils are rich in monoterpenes and low in sesquiterpenes. The major compounds
were: 1,5-heptadien-4-ol, 3,3,6-trimethyl- (34.99 %), (E)-Tagetone (13.47 %), and B-Pinene
(3.24 %). The first major compound is reported for the first time in Tagetes, while the other
compounds are common in the genus (Salehi et al., 2018). The compound 1,5-heptadien-4-
ol, 3,3,6-trimethyl- was also reported as the primary compound (7.36 %) in the essential oil of
Artemisia austro-yunnanensis (Chen-Xing et al., 2014), while (E)-Tagetone (6.24 %) is found in
Tagetes minuta (De Oliveira et al., 2018). The compounds present in T. linifolia oil may have
significant effects and diverse applications.

In vitro evaluation

The 0.5 % and 1 % concentrations inhibited mycelial growth by 83 and 86 %, respectively,
with no statistical differences compared to the commercial fungicide (Figure 2). Even at low
dilutions (0.01 and 0.001 %), inhibition was 19 % and 28 %, with statistical differences compared
to the control (Figure 2). The inhibitory effect on B. cinerea has already been observed in other
Tagetes species (Ruiz-Gonzalez et al., 20252, Ruiz-Gonzalez et al., 2025°) and its effect is mainly
attributed to monoterpenes in a concentration-dependent manner (Pedroso et al., 2024). The high
inhibition could also be attributed to the amount of terpenes present in the essential oil, as these
have been shown to decrease mitochondrial content (Haque et al., 2016).

Revista Bio Ciencias 13, e1767. 7
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Table 1. Chemical compounds and relative abundance (RA) in Tagetes
linifolia essential oil.

Compound RA KIC Compound RA KIC

* 1,5-Heptadien-4-ol, 34.99 1068 £ 12.8 - 3-Carene 0.15 1005 £+ 3.2

3,3,6-trimethyl
* (E)-Tagetone 13.47 1136 £11.8 * B-Linalool 0.12 1081 + 14.3
- B-Pinene 3.24 970+ 12.4 = 6-Methyl-5-hepten-2-one 0.09 958 + 17
- trans-B-Ocimene 2.55 1034 £ 0.1 * 2-Isopropylidene-5- 0.09 1151+ 9.5

methylhex-4-enal
= 1-Pentanol, 2.54 1085 £ 22.1 * Bicyclo[3.1.1]heptan-3-one, 0.08 1151 + 36.7
5-cyclopropylidene- 2,6,6-trimethyl-, (1a,2a,5a)-

- a-Thujene 1.54 968 + 24.9 / Cariofileno 0.07 1424 +1.8
- Camphene 0.70 943 + 4.6 * Elsholtzia ketone 0.06 1167 £ 23.9
- o-Cimene 0.60 1025 + 0.1 / a-Bergamotene 0.05 1407 + 15.6
* Verbenone, (L)- 0.56 1191 + 34.7 - a-Pinene 0.05 931 +4.9
- Limonene 0.52 1014 £ 10.8 + cis-3-Hexenyl acetate 0.04 983+ 15
- B-Sabinene 0.31 964 + 2.7 * endo-Borneol 0.04 1148 + 18.2
+  Sorbic acid vinyl ester 0.30 990 + 33.4 / (-)-B-Bourbonene 0.01 1408 +12.2
* 3,6-Dimethyl- 0.20 1178 £ 31.4

2,3,3a,4,5,7a-

hexahydrobenzofuran

KIC: Kovats index calculated + standard deviation, C10H16 (-): monoterpenes, C15H24 (/): sesquiterpenes,
(=): ketones, (+): esters, terpenoids (*): terpenes that undergo biochemical modifications through enzymes that
add oxygen molecules and move or remove methyl groups.

The compounds B-pinene, (-)-B-bourbonene, and trans-B-ocimene were also identified in
the essential oil of T. remotiflora and T. lucida, and their inhibition of B. cinerea was outstanding
(Ruiz-Gonzalez et al., 2025?; Ruiz-Gonzalez et al., 2025°). Therefore, the inhibitory effect observed
with T. linifolia is also attributed to these compounds (Table 1) and to the ability of essential oils
to be absorbed into the lipophilic surface of the mycelium (Kiran et al., 2016), as well as to the
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synergistic effect of all compounds, as indicated by Hleba et al. (2024). It has been demonstrated
that B-pinene serves as the primary compound for the development of new fungicides (Zhang et
al., 2025), as it acts by interfering with the cell wall (Andrade et al., 2019). This compound had
a relative abundance of 3.24 % in T. linifolia (Table 1). Also, the compound 1,5-heptadien-4-ol,
3,3,6-trimethyl- previously identified in Artemisia austro-yunnanensis exhibits antioxidant activity
(Chen-Xing et al., 2014), and (E)-Tagetone present in T. minuta, together with other characteristic
compounds of the species, has antifungal, antibacterial, insecticidal, nematicidal, antiviral, and
antimicrobial activity (Bandana et al., 2018). Therefore, the inhibition results of T. linifolia against
B. cinerea open the possibility of exploring its effects on other pathogens.

100 +

80

60

40

20 i I
0 -

0.01 0001 00001 TO
Concentrations (%)

Inhibition (%)

Figure 2. Inhibition of Botrytis cinerea mycelial growth with Tagetes linifolia
essential oil.

Means with the same letters are not statistically different (Tukey < 0.05). TO: control, FC: commercial fungicide
Cabrio C. 1, 0.5, 0.1, 0.01, 0.001, 0.0001: concentration of essential oil used (v/v).

Probit analysis

Probit analysis was used to determine the lethal concentrations of 50 % (LC,,) and 90 % (LC,),
LC,, at 0.04 % (v/v) and LC,, at 1.6 % (v/v) (Table 2). These concentrations were subsequently
used to evaluate conidia germination on fruits.

Revista Bio Ciencias 13, e1767. 9
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Table 2. Lethal concentrations LC, and LC, of Tagetes linifolia
essential oil obtained using Probit analysis.

Essential oil (v/v) LC LC p-value

50 90

Tagetes linifolia 0.04% 1.6% <0.0001

LC,,: lethal concentration causing 50% mortality, LC,: lethal concentration causing 90% mortality, p-value:
represents heterogeneity in the analyzed population.

Evaluation of Probit concentrations in conidia

At LC,, (1.6 %) conidia germination was inhibited entirely with statistical differences
compared to the control, while at LC,, (0.04 %) resulted in 17 % germination at 96 h (Figure 3).
In other studies, essential oils from Origanum vulgare and Thymus vulgaris (0.08 %) have been
evaluated, which partially inhibited the germination of conidia of Penicillium expansum (83.14-
98.34 %) and Botrytis cinerea (51.73-71.57 %), and at 0.1 % there was total inhibition (Fincheira
et al., 2023). The essential oils of Curcuma longa, Pimenta dioica, Rosmarinus officinalis, and
Syzygium aromaticum (0.1 %) contained similar compounds (a-pinene, endo-borneol, camphene,
B-pinene, limonene, B-linalool, verbenone, and caryophyllene) to those found in T. linifolia
(Table 1). They inhibited the germination of Fusarium verticillioides conidia by 24.2 to 87.2 %
(Achimén et al., 2021). This supports the fact that essential oils have a synergistic effect and act
in a concentration-dependent manner (Hleba et al., 2024; Pedroso et al., 2024).

On the other hand, the surfactant Tween 80 promoted conidia germination (89 %) even
more than the control (79 %). However, when used to prepare the emulsion with the essential oll
(LC,, and LC,), it seemed to have no effect, as potent inhibition of germination was observed
(Figure 3). Although surfactants (Tween 20 and Tween 80) are used to release conidia from the
conidiophores, they can interfere with the germination of some fungi. In Pyrenophora triticirepentis,
Tween 20 at 0.02 % delayed germination, however, within two hours, all conidia had germinated
(Jacques et al., 2021). Mwamburi et al. (2015) observed that Tween 80 inhibits the germination of
Beauveria bassiana at concentrations of 0.5 and 1 %, but stimulates germination at concentrations
of 0.1 %. Tu et al. (2014) observed that Aureobasidium pullulans cells appeared more dispersed
and larger after application of 0.02 % Tween 80. Due to the effects observed with Tween 80, it is
suggested to standardize concentrations and evaluate its use with beneficial fungi, as its ability to
promote conidial germination could offer advantages.

Revista Bio Ciencias 13, e1767. 10
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Figure 3. Conidia germination of Botrytis cinerea in PDA medium with lethal
concentration LC_, Tween 80 (TW80), and control (TO).

50°

Treatment with lethal concentration LC, is not included as there was no conidia germination. Means with the
same letters are not statistically different (Tukey < 0.05).

Evaluation of Probit concentrations on fruits

The incidence of gray mold caused by B. cinerea was lower in uninoculated fruits treated with
the lethal concentration LC,,, while in inoculated fruits the incidence was higher (Table 3). During
five days of refrigeration, fruits treated with LC, showed no pathogen incidence, after ten days, the
incidence was 6.6 %, and after fifteen days, the incidence was 50 % (Table 3). With the application
of LC,,, the surface infection was 1-20 % (Figure 4), unlike the inoculated and uninoculated control
treatments, which exhibited the highest incidence from day five to day fifteen (80-90 %). Although,
strawberry fruits are susceptible to physical, physiological, or pathological damage (Qaderi et al.,
2022). Israfi et al. (2022) and Da Costa et al. (2023) mention that essential oils can slow down the
progression of fungal and bacterial diseases in fruits. Moreover, they demonstrated that Melaleuca
alternifolia essential oil (0.05 %) reduced the severity of Colletotrichum musae in bananas by up
to 98 % (Da Costa et al., 2023).

Severity was higher (Table 3) in the inoculated and uninoculated control treatments (4.8
and 3.8) as the infected fruit surface ranged from 61 to 81 % (Figure 4), a condition that renders the
fruit unsuitable for consumption. Fruits treated with the median lethal concentration (LC,,and LC,))
exhibited lower incidence than the control after five days, but the severity renders them ineffective
as strawberry fruit preservatives (Table 3 and Figure 4). The protective effect against B. cinerea
in strawberry fruits has already been demonstrated with essential oils from Aloysia citriodora,
Cymbopogon winterianus, Lippia alba, Ocimum americanum, Citrusxlimon, and Cinnamomum

Revista Bio Ciencias 13, e1767. 1
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cassia (Fontana et al., 2021; Freche et al., 2023). On the other hand, Ji et al. (2024) demonstrated
that Origanum vulgare oil (0.006 %) reduced the incidence of Botrytis cinerea and Alternaria
alternata, and also induced defense-related enzymes such as phenylalanine ammonium-lyase,
polyphenol oxidase, peroxidase, chitinase, and [-1,3-glucanase in blueberry fruits (Vaccinium
corymbosum L. “O’Neal”). The application of essential oils is promising in food preservation, and
the results of this study provide an important precedent for the use of T. linifolia essential oil as a
potential product to counteract the negative effects caused by B. cinerea.

Table 3. Incidence and severity of Botrytis cinerea in strawberry fruits
treated with LC, and LC,  essential oils and refrigerated for 15 days.

Treatments Incidence Severity
5d 10d 15d 15d
TO uninoculated 133+ 115 466+11.5%® 80+202 3.8+08°
TO inoculated 40+20°2 53.3+11.5° 90+11.5¢° 48+04°
LC,, 0x0° 6.6+11.5¢° 50 +20° 1+£0.7°¢
LG, 6.6+11.5° 13.3+11.5¢% 73.3+23¢2 1.8+04¢%
LC,, 6.6+11.5° 40 £ 20 @e 73.3+11.5° 3+1.8%®
LC,| 0x0° 466+11.5%® 93.3+11.5° 48+04°
p-value 0.0509 0.0040 0.1762 <.0001
DMS 31.6 36 51.2 1.9

TO: control, LC: lethal concentration, I: inoculated, severity: damage scale 0-5. Means with the same letters are
not statistically different (Tukey < 0.05).

In this study, the LC, treatment of T. linifolia was effective in controlling the disease in post-
harvest up to five days (Table 3 and Figure 4), an important precedent to explore its application
in vapor phase (Tancinova et al., 2022) or prepare active biofilms based on polysaccharides with
essential oils for food preservation (Khan et al., 2023). Optimal concentrations still need to be
standardized, as essential oils can have organoleptic effects and alter multiple physicochemical
properties related to fruit quality (Freche et al., 2022).

Although the application of essential oils is an effective and safe alternative for humans
(Taghavi et al., 2018), it is important to consider that 1149.43 kg of fresh tissue would be required
to obtain 1 L of T. linifolia essential oil. Alternative methods, such as microwave-assisted
extraction, which offers higher yields and shorter extraction times, should be explored (Souiy,
2023). Agronomic management of T. linifolia could serve as an alternative approach to increase
the essential oil content, as suggested by Georgieva et al. (2022). Likewise, future studies will
continue to research other fruits and experiment with combinations of essential oils to observe
their effects. The endemic nature, aromatic profile, abundance and striking flowering of T. linifolia
make it a valuable phytogenetic resource for future research. It even has ornamental potential, an
important aspect that will contribute significantly to its conservation.
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Figure 4. Protective effect of Tagetes linifolia essential oil fifteen days after
incubation in inoculated and uninoculated fruits.

LC,, and LC,: Probit concentrations, TO: control, I: inoculated fruits.

Conclusions

The endemic nature of T. linifolia makes its study and conservation important. The chemical
characterization of T. linifolia essential oil allowed the identification of a new major compound
(1,5-heptadien-4-ol, 3,3,6-trimethyl-) for the Tagetes genus. Previous reports on this compound
indicate its antioxidant activity, and the relative abundance of this compound in conjunction with the
monoterpenes, terpenoids, and sesquiterpenes of T. linifolia showed biological activity against B.
cinerea in vitro and in vivo. The inhibitory effect on conidia germination stands out. The reduction
in incidence and severity on strawberry fruits is one of the evaluated properties, however, T.
linifolia essential oil could also be applied to other fruits affected by B. cinerea or tested for its
effect on other microorganisms. More detailed analyses of biological activity are necessary, and
future studies should incorporate additional factors, such as different temperature ranges, which
play a crucial role in fruit preservation.
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