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Abstract

Alternaria rot, caused by Alternaria alternata, is one of the most destructive diseases of pitahaya (Hylocereus
spp.). We investigated the effect of the essential oil of Baccharis dracunculifolia (Asteraceae) (EOB) in the
control of A. alternata. Two studies were performed in Petri dishes containing potato dextrose agar medium
amended with concentrations of the EOB ranging from 5 to 1,000 pg mL™" (first study) and from 30 to 2,000 pg
mL™". The diameter of the fungal colony was recorded daily. These data were used to calculate the the area under
the mycelial growth progress curve (AUMGPC) and mycelial growth index (MGI). In the third study, the control
of Alternaria rot in pitahaya fruits by EOB was investigated by adding the EOB into an edible coat based on
cassava starch and sorbitol which was prepared in Tween 20. Three treatments, containing EOB at 500, 1,000 or
2,000 pg mL™"', were assessed. Two additional treatments, one containing water and another containing only the
edible coating served as controls. Pitahaya fruits were immersed in those solutions for 10 min, allowed to dry
and inoculated with 4. alternata 48 h later. The EOB was found to inhibit the mycelial growth and a negative
and quadratic model best described the relationship of the EOB concentrations with MGI and AUMGPC. Results
from the experiment performed with pitahaya fruits showed that Alternaria rot was decreased with increasing
EOB concentrations. Therefore, EOB is a promising and ecofriendly method that may be included in the
management of Alternaria rot in pitahya.
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1. Introduction

Pitahaya (Hylocereus undatus Haw.), also known as dragon fruit, is a member of the Cactaceae family that is
native to the tropical forest regions of Mexico and Central and South Amercia (Mizrahi et al., 1997). The fruit
has received great attention in the recent years not only due to its attractive color and economic value as food
products, but especially for its health properties (Kim et al., 2011). Health benefits of pitahaya are linked to its
remarkable antioxidant activity conferred by its betacyanin content (Wybranice et al., 2007), decreasing
cholesterol levels and preventing diseases such as cancer and hypertension besides having anti-inflammatory and
antidiabetic effects, and reducing the risk of cardiovascular disease (Stintzing et al., 2002; Cos et al., 2004;
Wahdaningsih et al., 2020).

Since pitahaya is a newly cultivated crop, postharvest studies have been limited. In natural conditions, fruits keep
quality around six to eight days after harvesting, whereas an inadequate handling and environment results in
quicker deterioration, decreasing shelf life and compromising its commercial value (Castro et al., 2017;
Chaemsanit et al., 2018). Given the lack of studies, research-based information to develop postharvest
techniques that maintain fruit quality and increase fruit availability in the marketplace are needed (Freitas &
Mitcham, 2013).
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Beyond fruit losses caused during handling, transport and storage, postharvest diseases dramatically contribute to
fruit deterioration, resulting in black spots, necrosis, rot, and deterioration, making the fruit unsuitable for
consumption and resulting in disposal (Ortiz-Hernandez & Carrillo-Salazar, 2012; Castro et al.,, 2017).
Alternaria spp. is widely spread in the environment, encompassing numerous saprophytic, endophytic and plant
pathogenic species, causing deterioration in cereals, fruits and vegetables both in pre- and post-harvest
(Garganese et al., 2016). Recently, macro- and micro-morphological analysis confirmed the presence of
Alternaria alternata causing deterioration and rot in pitahaya fruits during storage (Castro et al., 2017).

Essential oils have emerged as a promising and ecofriendly alternative for plant disease control. Indeed, some
essential oils have demonstrated to be effective against Alternaria spp. Immersion of carrot seeds in both the
neem and the orange essential oils displayed lower A. alternata incidence regardless of their concentration; the
effect of the essential oils was similar to that of a standard fungicide applied as seed treatment (Lima et al., 2016).
The growth of A. padwickii was completely inhibited by the essential oils of Callistemon citrinus and
Cymbopogon citratus (Nguefack et al., 2013). Similarly, the essential oils of Cinnamomum zeylanicum and
Eucalyptus caryophyllus were suggested to be promising for the control of A. alternata, since they were active
against the fungus (Castro et al., 2017).

Baccharis dracunculifolia (Asteraceae) is native plant from Brazil, commonly known as ‘Alecrim-do-campo’
and is widely used in folk medicine to treat inflammation, hepatic disorders and stomach ulcers (Massignani et
al., 2009). However, to the best of our knowledge, such species have not been investigated for its potential in the
control of plant pathogens. In the present work, we performed in vitro and in vivo analysis to investigate whether
the essential oil of B. dracunculifolia is active against A. alternata and, in turn, decreases the symptoms of
Alternaria rot in pitahaya fruits.

2. Material and Methods
2.1 Pathogen Isolation

Pitahaya fruits displaying Alternaria rot symptoms were collected in Marialva, Parana State, Brazil. Fruits were
washed in tap water with soap, rinsed and allowed to dry. Epidermal sections of 1 cm? in the transition between
symptomatic and asymptomatic region were removed from the fruits. Fragments were immersed in alcohol (70%)
for 30 seconds, sodium hypochloride (0.5%) for 1 minute and distilled sterile water (three times) for 1 minute.
Then, fruit segments were allowed to dry in a sterile filter paper and transferred into Petri dishes containing
potato dextrose agar (PDA) medium. Petri dishes were incubated at 28 °C for 7 days. Alternaria alternata was
identified according Castro et al. (2017), who isolated the fungus from pitahaya fruits in the same municipality.

2.2 Plant Material Collection and Identification and Extraction of the Essential Oil

Mature leaves of B. dracunculifolia were collected in May 2018, in the municipality of Santa Helena city
(Latitude 24°48'15" South and Longitude 54°15'16” West), Parana, Brazil. Plant species was botanically
identified at the Herbarium ECT (Embrapa Clima Temperado, Pelotas, Rio Grande do Sul, Brazil) and exsiccates
were deposited with registration number ECT0003428. Plant material was processed and the essential oil was
analyzed as reported by Brandenburg et al. (2020). Plant material was dried at room temperature (24 °C) for 4
days. Thus, leaves were hydrodistilled for 3 hours using a Clevenger-type apparatus (Stahl & Schild, 1981). The
essential oils obtained were separated from the hydrolates using ethyl ether, the organic phases were dried with
anhydrous Na,SOy, filtered and the solvent was evaporated under vacuum at low temperature. The yields of the
essential oil samples were calculated by considering the dry mass of each starting material (Ascari et al., 2019).

2.3 Essential Oil of Baccharis dracunculifolia and Its Effect in the Mycelial Growth of Alternaria alternata

Two experiments were performed in the Laboratory of Plant Health at the Universidade Tecnologica Federal do
Parana-Campus Santa Helena to investigate the inhibitory activity of the essential oil of B. dracunculifolia (EOB)
in the mycelia growth of A. alternata.

Six concentrations of the EOB were assessed for each experiment. EOB concentration ranged from 5 (T2) to
1,000 ug mL™ (T7) for the first study and from 30 (T2) to 2,000 ug mL" (T7) for the second one. EOB
concentrations were calculated based on a geometric progression. Such concentrations were obtained from a
stock solution of the EOB was prepared in 1% Tween 20. In both experiments, a solution of 1% Tween 20 served
as control (T1).

Each concentration of EOB was added to the melted (~45 °C) potato dextrose agar (PDA) medium with the aid
of a pipette. Thus, the culture medium was poured into Petri dishes (100 mm in diameter). After culture medium
was solidified, a 5 mm myecelial disc of A. alternata was removed from the edge of 7 days old colony and
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transferred to the center of the Petri dishes of each treatment. Petri dishes were incubated in a BOD chamber at
25 °C and a 12 h photoperiod.

Mycelial growth of A. alternata colony of each treatment was assessed daily from 48 h onwards using a digital
caliper. Assessements proceed until the fungus grew over throughout the PDA medium in the control treatment.
Colony diameter was determined in two orthogonal directions and mean diameter was calculated. Data from
mean diameter were used to calculate the mycelial growth index (1) and the area under the mycelial growth
progress curve (2) as they folow:

MGI = 3(D - Dp)/(Tp - T) )

where, MGI = mycelial growth index; D = actual mean diameter (mm) of the colony; Dp = mean diameter (mm)

of the colony in the previous day; T = time of the assessment made at “D”’; Tp = time of the assessment made at
‘EDp’9.

AUMGPC = (D + D)2 x (Tp - T) 2)

where, AUMGPC = area under the mycelial growth progress curve; D = actual mean diameter (mm) of the
colony; Dp = mean diameter (mm) of the colony in the previous day; T = time of the assessment made at “D”;
Tp = time of the assessment made at “Dp”’.

2.4 Essential Oil of Baccharis dracunculifolia in the Control of Alternaria Rot in Pitahaya Fruits

One experiment was performed in the Laboratory of Plant Health at the Universidade Tecnologica Federal do
Parana-Campus Santa Helena to investigate whether EOB incorporated into an edible coat controls Alternaria rot
in pitahaya fruits. The edible coat has been researched aiming at increasing shelf life of pitahaya fruits.

Pitahaya fruits (Hylocereus undulatus) of approximately 15 cm in length and 10 cm in diameter were collected in
Marialva, Parana State, Brazil. Fruits were transported to the place were the experiment was carried out and they
were surface-disinfested for 5 min in 0.5% sodium hypochloride. Only fruits that did not show injury or disease
symptoms and which had approximately the same size were used in the study. Concentrations of EOB that were
most inhibitory in vitro were assessed in this study. The following treatments were evaluated: negative control
(T1), EOB at 500 ug mL" (T2), EOB at 1,000 pg mL™" (T3), EOB at 2,000 pg mL™" (T4) and positive control
(TS). The edible coat was composed of cassava starch (3%), Tween 20 (1 mL) and sorbitol (4 mL). Tween 20
and sorbitol were added to improve plasticizing characteristic. The negative control (T1) and positive control (T5)
were composed of distilled water and the edible coat without the EOB.

Cassava starch-based coat was prepared by heating the suspension (cassava starch and water) to 70 °C. The
suspension was allowed to cool at room temperature (25 °C) and Tween, sorbitol and EOB were then added.
Fruits were immersed in the solutions for 2 min and placed on screens until the coating was completely dried.
Fruits were transferred to a BOD chamber at 25 °C and a 12 h photoperiod for 48 h, when they were inoculated
with 4. alternata.

Pitahaya fruits were inoculated with a mycelial disc of 4. alternata. The fungus was grown in Petri dishes (100
mm in diameter) containing BDA culture medium and were incubated in a BOD chamber at 25 °C and a 12 h
photoperiod. Inoculation was carried out under fruit scales after making a hole (3 mm in depth) with needle tip.
Two holes in opposed sides at the middle region of the fruit were made and then a mycelial disc (5 mm in
diameter) of A4. alternata was placed over each hole. Mycelial discs were removed from the edge of fungal
colony 7 days after incubation. After inoculation, fruits were placed in polypropylene trays that were covered
with moistened plastic bags. The fruits were then incubated in a BOD chamber at 25 °C for 7 days, when disease
assessments were performed. The diameter of Alternaria rot lesions was determined using a digital caliper.
Measurements were took in the two orthogonal directions considering the largest diameter of the lesion in each
edge. Mean diameter was obtained and values were expressed as lesion area (cm?).

2.5 Statistical Analysis and Experimental Design

For in vitro assays, seven treatments with five replications were assessed, whereas five treatments with five
replications were employed for in vivo assays. Each experimental unit consisted in a Petri dish (in vitro assays)
or a pitahaya fruit (in vivo assays). All studies were conducted in a completely randomized design. Data were
subjected to the analysis of variance (ANOVA). Data from the in vitro studies were subjected to regression
analysis, whereas means obtained for in vivo assays were compared based on the Tukey’s test (P < 0.05).
Statistical analysis was performed using the software Minitab 16.
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3. Results

Twelve days after incubation, colony of 4. alternata grew throughout over the BDA medium in Petri dishes of
the control treatment (Figure 1). Low concentrations (< 70 ug mL"'; T2 and T3) of the essential oil of B.
dracunculifolia (EOB) almost did not inhibit the mycelial growth of the fungus, whereas a small inhibition was
observed in concentrations between 160 and 373 ug mL™ (T4 and T5). When EOB concentrations were higher
than 860 ug mL™ (T6 and T7), the highest inhibitory effect was observed.

Figure 1. Effect of different concentrations of the essential oil of Baccharis dracunculifolia (EOB) in the
mycelial growth of Alternaria alternata. Treatments included a control without EOB (A) and the EOB
concentrations of 29.99 (B), 69.47 (C), 160.92 (D), 372.73 (E), 863.38 (F) or 1999.86 pg mL™" (G)

The progress curve of mycelial growth for the first in vitro assay showed that low concentrations of EOB (< 42
ug mL"'; T2-T4) were similar to the control (T1) and a slight inhibition was observed in BDA amended with
EOB at 120 pg mL™' (T5). There was a higher inhibitory effect when EOB was used at the concentrations of 346

(T6) and 1,000 pg/mL (T7) (Figure 2A). The treatments T5, T6 and T7 decreased the final colony diameter by 8,
24 and 29% relative to the control.

A negative and quadratic model best fitted to describe the relationship between EOB concentrations and
AUMGPC and MGI (Figures 2B and 2C). The lowest values of AUMGPC and MGI were obtained at the EOB
concentrations of 950 and 500 pg mL™, respectively.

13



jas.ccsenet.org Journal of Agricultural Science Vol. 13, No. 7; 2021

120 18
——TI1 T2 —&—T3 —%—T4 —%—T5 T6 T7

=3
S

y=1E-05x%-0.019x + 16.97
R2=0.995

oo
=}
AUMGPC (x1000)
o

Mycelial growth (mm)
P =)
(=] =]

[
S

o
o

48 72 96 120 144 168 192 216 240 264 288 312 0 200 400 600 800 1000 1200
Time (h) EOB concentrations (ug ml")
4.0
C
32 1 y=2E-06x>- 0.002x + 3.011
5 q R*=0.981
=
E
s 24 |
z
Eh
=
S 16 [
>
=
08
0.0

0 200 400 600 800 1000 1200
EOB concentrations (ugml"')

Figure 2. Effect of different concentrations of the essential oil of Baccharis dracunculifolia (EOB) in the
mycelial growth of Alternaria alternata (mm) (A), area under the mycelial growth progress curve (B) and
mycelial growth index (C). Treatments included a control without EOB (T1) and the EOB concentrations of 5
(T2), 14.42 (T3), 41.62 (T4), 120.09 (T5), 346.05 (T6) or 999.97 ug mL™' (T7).

Bars represent standard errors of the means (n = 5)

In agreement with visual observations of Petri dishes, assessments of colony diameter made in the second in
vitro assay revealed none and a slight inhibitory effect of low (< 70 pg mL™'; T2 and T3) and intermediate (161
and 373 pg mL”'; T4 and T5) EOB concentrations, respectively (Figure 3A). Higher inhibitory effect was
observed for EOB used at 863 (T6) and 2,000 ug mL™" (T7). Colony diameter in the last assessment was reduced
by 14, 14, 32 and 34% for T4, TS5, T6 and T7, respectively, in comparison to the control.

The relationship between EOB concentrations and AUMGPC and MGI was best described by a negative and
quadratic model (Figures 3B and 3C). The EOB concentration of 1250 pg mL™" resulted in the lowest values for
both AUMGPC and MGL.
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Figure 3. Effect of different concentrations of the essential oil of Baccharis dracunculifolia (EOB) in the
myecelial growth of Alternaria alternata (mm) (A), area under the mycelial growth progress curve (B) and
mycelial growth index (C). Treatments included a control without EOB (T1) and the EOB concentrations of
29.99 (T2), 69.47 (T3), 160.92 (T4), 372.73 (T5), 863.38 (T6) or 1999.86 pg mL™"' (T7). Bars represent standard
errors of the means (n = 5)

Pitahaya fruits from the control (T1) displayed severe symptoms of Alternaria rot that covered almost thoroughly
the fruit surface (Figure 4). Symptoms were water-soaked in appearance and brown to dark in color. Fruits
exhibited extensive maceration of the tissue and pulp consistency was lost. A slight decrease in symptoms of
Alternaria rot was observed when EOB was applied at 500 (T2) and 1,000 pg mL™" (T3) which was in a sharp
contrast with the EOB concentration of 2,000 pg mL™', which almost completely suppressed disease symptoms.
The appearance and severity of the Alternaria rot symptoms in fruits that were treated only with the edible coat
(TS) were similar to those observed in the control (T1).

Figure 4. Effect of different concentrations of the essential oil of Baccharis dracunculifolia (EOB) in the
Alternaria rot in pitahaya fruits. Treatments included a negative control with water (A) and the EOB
concentrations of 500 (B), 1,000 (C) or 2,000 pug mL™" (D). The EOB was incorporated into an edible coat based
on cassava starch (3%), 4 mL sorbitol and 1 mL Tween 20. An additional treatment containing only the edible
coat served as a positive control (E)
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Lesion area of Alternaria rot was significantly reduced by the EOB regardless of the concentration (Figure 5).
The EOB concentrations of 500 (T2) and 1,000 pg mL™" (T3) were similar, decreasing lesion area in 52 and 59%,
respectively, relative to the control (T1). The EOB concentration of 2,000 pg mL™ (T4) resulted in the lowest
disease intensity, with a 97% reduction lesion area in comparison to the control (T1). Lesion area did not differ
for controls (T1 and T5), indicating that cassava starch did not show an inhibitory activity against 4. alternata.
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Figure 5. Effect of different concentrations of the essential oil of Baccharis dracunculifolia (EOB) in the lesion
area (cm®) of Alternaria rot in pitahaya fruits. Treatments included a negative control with water (T1) and the
EOB concentrations of 500 (T2), 1,000 (T3) or 2,000 pg mL™" (T4). EOB were incorporated into an edible coat
based on cassava starch (3%), 4 mL sorbitol and 1 mL Tween 20. An additional treatment containing only the
edible coat served as a positive control (T4)

4. Discussion

Demand for pitahaya consumptiom has increased sharply over the past few years, mainly owing its health
properties. However, its fruits deteriorate rapidly under environmental conditions; rots caused by fungi,
including A. alternata, are among the most important factors responsible for that and some essential oils have
been investigated for the control of post-harvest diseases (Castro et al., 2017). Despite the essential oil of B.
dracunculifolia (EOB) have been demonstrated to show antimicrobial activity (Ferronatto et al., 2007; Cazella et
al., 2019), studies regarding its potential against plant pathogens are still lacking. Here, we provide novel
insights of the potential of EOB in the control of Alternaria rot in pitahaya fruits.

Previous studies demonstrated that EOB displays bacteriostatic and bactericidal activities, mainly against
Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus, as well as fungistatic
and fungicidal activities, including Aspergillus spp., Penicillium spp. and Trichoderma viride (Ferronatto et al.,
2007; Cazella et al., 2019). In agreement with these observations, our results showed that EOB inhibited the
mycelial growth of A. alternata. Nevertheless, the effect of EOB in mycelial growth was found to be
dose-dependent; lowest values of AUMGPC and MGI were found with EOB concentrations of 900 and 1,250 pg
mL"', respectively, for experiment 1, and 500 and 1,250 ug mL™', respectively, for experiment 2. Studies using a
different methodology revealed that minimum inhibitory concentrations (MIC) of EOB for bacteria varied from
0.50 to 12.65 mg mL™" and for fungi ranged from 8.43 to 16.87 mg mL™" (Cazella et al., 2019), demonstrating
that the antibacterial activity of EOB was more effective than the antifungal one.

Other essential oils rather than EOB have been demonstrated inhibit the growth of plant pathogenic fungi and the
inhibitory activity varied according to the essential oil. Investigations of different essential oils against the same
fungus we studied in this work (4. alternata) revealed that the most effective essential oils were from
Cinnamomum zeylanicum (MIC = 250 pg mL™") and Eugenia caryophyllus (MIC = 500 ug mL™), followed by
Cymbopogon flexuosus, Eucalyptus globulus and Rosmarinus officinalis (MIC = 1,000 pg mL™) (Castro et al.,
2017). In vitro evaluation of antifungal properties of eighteen essential oils added to the fungal growth medium
of five pathogens (Lasiodiplodia theobromae, Colletotrichum gloeosporioides, Alternaria citrii, Botrytis cinerea
and Penicillium digitatum) isolated from mango, avocado, citrus, grapes and cactus pear showed that Thyme oil
was the most effective inhibitor, totally inhibiting all of the pathogens tested at concentrations of 1,000 ul L™,
with the exception of a resistant Penicillium strain (Combrinck et al., 2011). Although A. alternata growth was
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not completely inhibited by EOB in the present study, the pronounced reductions in mycelial growth observed at
high doses (> 1,000 pg mL™") of EOB indicate its potential to be used in the control of the fungus.

The antimicrobial activity of several essential oils has been linked to the antifungal properties of their constituent
compounds. The effective essential oils against A. alternata presented considerable amounts of eugenol (90.5%
for C. zeylanicum and 80.7% for E. caryophyllus), whereas the lower activity of C. flexuosus, E. globulus and R.
officinalis indicated that neral, geranial, 1,8-cineole, limonene, and p-cymene in, a-pinene, 1,8-cineole and
camphor were less effective against the fungus (Castro et al., 2017). A high concentration (4,000 ul L") of
Cymbopogon citratus, whose major constituents were geranial and neral, was required to completely inhibit
uredospore germination of Olivea neotectonae (Osorio et al., 2018). Octanoic acid is the major component of
noni (Morinda citrifolia) essential oil, which was demonstrated to inhibit different plant pathogenic fungi,
including Aspergillus niger, Aspergillus fumigatus, Bipolaris maydis, Colletotrichum gloeosporiodies,
Curvularia spp., Exserohilum turcicum, Helminthosporium spp., Olivea neotectonae, Rhizopus oryzae and
Sclerotium spp. (Sahoo et al., 2012; Silva et al., 2017; Osorio et al., 2018; Veloso et al., 2018, 2020; Dias et al.,
2020). The chemical analysis of the essential oil of the plants that was used in the present study (EOB) showed
high proportion of sesquiterpenes in the volatiles samples, such as d-elemene, germacrene D, bicyclogermacrene,
bicyclogermacrene, germacrene D and f-caryophyllene (Ascari et al., 2019; Brandenburg et al., 2020), whereas
spathulenol and trans-nerolidol, both oxygenated sesquiterpenes, were the major compounds found in other study
(Cazella et al., 2019). Plant species, climate conditions, soil type, harvesting seasons, age of leaves, geographic
region, and extraction process are known to influence the chemical composition of the plant essential oil (Cazella
et al., 2019). Some of the sesquiterpenes found in both EOB and other plants are known for their antimicrobial
activity against Candida spp., Mycobacterium tuberculosis, Microsporum gypseum and Trichophyton
mentagrophytes (Lee et al., 2007; Tan et al., 2016) and nerolidol is the major constituent compound of many
plants that display antimicrobial activity (Chan et al., 2016). Therefore, some sequiterpene of B. dracunculifolia
is believed to be responsible for the inhibitory activity of EOB observed in vitro against A. alternata.

The essential oils have been demonstrated to cause a wide range of structural dysfunctions to fungal hyphae. In 4.
alternata, essential oil of C. flexuosus, C. zeylanicum and E. caryophyllus reduced the growth and caused
different structural changes, such as hyphae disruption, extravasation of cell content, deformation of the integrity
of the hyphae, and tumescence of the hyphae with the possible formation of adhesive mucilage (Castro et al.,
2017). Although the mechanisms of action of essential oils against 4. alternata are not completely understood,
their lipophilic nature allows them to interact with cell membranes, thereby increasing the permeability and
disturbing these structures (Lima et al., 2019). The essential oils constituents can interfere with electron transport
chain, thereby reducing ATP production, besides affecting enzyme systems, granulate the cytoplasm,
extravasation of cellular content and production of reactive oxygen species, which, in turn, damage cell
membranes, DNA, proteins, and lipids and finally caused fungal death (Rasooli et al., 2006; Costa et al., 2011;
Veloso et al., 2020).

The edible coat containing EOB was found to decrease symptoms of Alternaria rot in pitahaya fruits. Decreases
in lesion area of Alternaria rot ranged from 52% at 500 pg mL™ to 97% at 2,000 pg mL™" of EOB. These findings
are in line with previous reports that observed decreases in postharvest diseases as a result of EO treatment. The
area under anthracnose progress curve in papaya fruits was reduced by Essential oils from C.citratus and E.
citriodora, Lippia sidoides and M. citrifolia (Carnelossi et al., 2009; Dias et al., 2020). The Essential oils from E.
cariophyllus and C. zeylanicum at 500 or 1,000 pg mL™" inhibited mycelial growth of A. alternata by 26-31% on
the epidermis of pitahaya fruits (Castro et al., 2017). The association of paraffin + noni, gelatin + octanoic acid
and suflower oil + thymol decreased the area under anthracnose progress curve in papaya fruits and disease
control was suggested to be a result of the combined action of both coat and essential oil constituents (Dias et al.,
2020), which is somewhat different of our findings, in which we did not observe a significant effect for cassava
starch coat. Interestingly, we observed that decreases in lesion area greatly surpassed those observed in mycelial
growth; while mycelial growth was reduced by 34% at 2,000 ug mL", there was a 97% decrease in lesion area.
This finding indicates that other mechanism(s) beyond the direct effect of EOB in the fungus may be involved in
decreasing Alternaria rot symptoms in pitahaya fruits; most likely, EOB can prime pitahaya fruits for enhanced
defense against A. alternata infection. Accordingly, essential oils have been demonstrated to induce a wide range
of defense responses when applied before pathogen infection. The defense-related genes, such as those encoding
pathogenesis-related (PR-1) proteins, WRKY transcription factors, thaumatinlike protein, lipoxygenase, ethylene
response factor and chitinase, were differentially expressed in tomato plants that were treated with essential oil
from fennel seeds (Foeniculum vulgare), which was behind a decrease of 42% in Fusarium wilt severity in
comparison to plants that were not treated with essential oil (Kalleli et al., 2020). Similarly, decreases in
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incidence and severity of brown rot severity in peach treated with thyme oil were associated to higher activities
of defense-related enzymes, including B-1,3-glucanase, chitinase, phenylalanine ammonia-lyase and polyphenol
oxidase besides increased phenol content, which is known to play a major role in plant defense against pathogen
invasion (Cindi et al., 2016). Based on our findings, EOB is believed to have a dual mode of action in the control
of Altenaria rot in pitahaya through an antifungal activity as well as by inducing defense responses in fruits. The
latter activity is particularly important for the management of postharvest diseases since the activity of EOB as
an elicitor molecule may wide its spectrum of control against other rotting fungi.

5. Conclusions

Our results demonstrated that the essential oil of B. dracunculifolia (EOB) displays antifungal activity against 4.
alternata. The EOB incorporated into an edible coat supresses almost completely the symptoms of Alternaria rot
in pitahaya fruits. Data from the present study shed light on the potential of EOB as an ecofriendly and effective
tool to be included in the management of postharvest diseases, which can lengthen the shelf life of pitahaya
fruits.
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