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Abstract

Lettuce is susceptible to several diseases, especially soft rot caused by bacteria of the genus Pectobacterium.
Due to the adaptability of this pathogen and the lack of disease control registered for the crop, the objective
of this work was to evaluate the effects of essential oils in the management of soft rot caused by P.
aroidearum in lettuce. The study was developed at the Universidade do Estado da Bahia, Juazeiro, BA, Brazil,
and the essential oils (EOs) of orange, bergamot, lemongrass, palmarosa, citronella, cloves, tea tree,
rosemary, sage, and ginger were used in concentrations of 0.25; 0.5; 0.75 and 1.0% to assess the in vitro
growth inhibition of the bacterium. Subsequently, the curative effects of the disease were evaluated by
applying the EOs that obtained the best results in vitro in lettuce plants of the susceptible variety “Moénica”.
The treatments were applied, via spraying, 12 hours after inoculation using the bite method with bacterial
suspension. The best in vivo treatment was selected to assess its preventive and curative activity, as well as
to find the ideal concentration for reducing epidemiological variables and chromatographic characterization.
The EOs of palmarosa, sage, citronella, lemongrass, and cloves (0.25%), and that of sage (0.75%), inhibited
bacterial growth in vitro. The EO of salvia showed the best results in vivo, inhibiting the growth of the disease
in concentrations of 0.50 and 0.75%, so it was selected for the preventive and curative control tests alone.
The preventive treatment was not efficient for the management of soft rot in lettuce, however, from the
regression analysis, a concentration of 0.64% of the salvia EO was found as a potential for curative control
of this bacteriosis, as it reduces the incidence and severity of the disease. Linalyl acetate and linalool were
found in higher concentrations in the chromatographic analysis. These components, probably, conferred the
bactericidal capacity of the EO of sage, being potential for the use in the control of P. aroidearum in lettuce.

Keywords: Alternative control. Curative control. Essential oil of sage. Lactuca sativa. Preventive control.

1. Introduction

Lettuce (Lactuca sativa L.) is the most produced and consumed leafy vegetable (Sediyama et al.
2016). It has also great economic, nutritional, and social importance, as it is primarily grown by family
farmers (Sala and Costa 2012). However, this crop is subject to factors that might limit its production and
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Efficacy of essential oils in the management of soft rot caused by Pectobacterium aroidearum in lettuce

depreciate product quality for marketing and consumption. Bacterial diseases are one of the most limiting
factors of lettuce crops, primarily those caused by the genus Pectobacterium, which causes soft rot (Beriam
2007). These bacteria are characterized by penetrating plant tissue through natural or mechanical injuries,
the ability to survive in the soil, mainly with high humidity and to be disseminated via seeds (Michereff et al.
2005).

Recently, the species Pectobacterium aroidearum has been described as a highly virulent species,
mainly in monocotyledons (Nabhan et al. 2013), and in Brazil was reported by Barroso et al. (2019) causing
symptoms of soft rot in lettuce. The initial symptom of this disease in lettuce is the appearance of wilt in
outer leaves, caused by the collapse of vascular tissues. As the disease progresses, the stem might show
maceration, and the plant will rot. This disease can occur both in the pre- and post-harvest (Raid 1997).

Due to the high adaptability of this pathogen and the lack of registered control for Pectobacterium in
the lettuce, it is necessary to search for alternatives for the effective phytosanitary management of this crop.
In this regard, the use of essential plant oils stands out. Essential oils can be defined as aromatic and volatile
products derived from secondary plant metabolism, found in leaves, flowers, fruits, and skins of several plant
species (Conner 1993; Silveira et al. 2012).

Several substances with antibiotic potential are found in the chemical composition of these natural
products, which ought to be studied either for their direct use by rural farmers or as raw material for the
formulation of new products. However, their antimicrobial activity might vary depending on the
geographical location of the plant material, harvest season, genotype, and climatic conditions. Therefore, it
is important to characterize the chemical composition and biological activity of essential oils obtained from
plants of a given region (Viuda-Martos et al. 2010; Militello et al. 2011).

Considering the wide antimicrobial potential of essential oils, the aim of this study was to evaluate
the effect of different essential oil concentrations in the management of soft rot in lettuce caused by
Pectobacterium aroidearum.

2. Material and Methods

This study was conducted at the Phytopathology Laboratory and greenhouse of the Department of
Technology and Social Sciences (DTCS) of the State University of Bahia-UNEB, Campus Ill, Juazeiro-BA, Brazil.

Obtaining and preparing the inoculate

The isolate Pectobacterium aroidearum (UNEB 3) was obtained from lettuce of the 'Elba’ variety with
symptoms of soft rot in a vegetable garden in the municipality of Petrolina-PE, Brazil (9°21'39,8” S;
40°32'27,2” 0). It was then preserved in sterile distilled water (SDW) in the collection of the Phytopathology
Laboratory of the State University of Bahia (UNEB).

An isolate pathogenicity test was performed with lettuce seedlings, clipped lettuce leaves, and
clipped chard leaves (Beta vulgaris L.), using the method of injecting a bacteriological suspension of the
isolate, adjusted in As3p = 0.36 (1x10° UFC.mL™?), with 48 h of incubation (Mariano and Souza 2016). Once
the typical symptoms of soft rot caused by Pectobacterium aroidearum appeared, reisolation was performed
to prove Koch's assumptions.

Essential oils

We used ten 100% pure and natural vegetable oils of medicinal and aromatic plants from
Phytoterapica - Solua Comercial Ltda in the present study; clove (Eugenia caryophyllata Thunb), citronella
(Cymbopogon winterianus Jowitt), bergamot (Citrus bergamia Risso et Poiteau), Rosemary (Rosmarinus
officinalis L.), palmarosa (Cymbopogon martin [Roxb.] Wats), sage (Salvia sclarea L.), ginger (Zingiber
officinale Roscoe), melaleuca (Melaleuca alternifolia Maiden & Betche, Cheel), orange (Citrus aurantium L.),
and lemongrass (Cymbopogon citratus Stapf).
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In vitro sensitivity of Pectobacterium aroidearum to essential oils

For the in vitro study, essential oils were added to the CPG medium (1 g of hydrolyzed casein, 10 g of
peptone, 10 g of glucose, 18 g of agar, and 1000 mL of distilled water) for the following treatments: essential
oils at 0.25%, 0.5%, 0.75%, and 1.0% (v/v) concentrations, and at 0%, which consisted of the witness. The
culture medium mixed with each oil (and its respective concentration) was added to Petri dishes with 9 cm
diameter and kept under refrigeration at approximately 12°C for 48 hours.

After this period, the bacterial suspension of the isolate Pectobacterium aroidearum (UNEB 3) was
prepared, obtained from fresh cultures in CPG medium incubated for 48 hours at 28°C. The bacterial
suspension concentration was adjusted in Assp = 0.36 (1x10° UFC mL™) with the help of a photocolorimeter
(Analyser 500, Brazil). After that, 100 pL of bacterial suspension P. aroideraum, previously diluted in ADE
until 10°UFC mL?, was spread over the CPG medium with a Drigalski strap. Petri dishes were incubated at
28 °C for 48 h in a BOD (Biochemical Oxygen Demand) type incubator.

In vitro sensitivity of the P. aroidearum isolate to essential oils was determined by counting colonies
per dish and by calculating UFC/mL, according to the methodology by Paret et al. (2010).

Essential oils in the control of soft rot in lettuce

Lettuce seedlings from the susceptible variety 'Mdnica' were used to evaluate the direct effect of
essential oils in the control of soft rot caused by P. aroidearum. Sowing was performed into plastic trays
containing a commercial substrate, and after 18 days, seedlings were transplanted to 500-mL vases
containing commercial substrate and sand at a 2:1 (v/v) ratio, previously sterilized in an autoclave for 2 h,
repeating the process after 24 h and letting it rest for seven days.

Prior to the experiments, plant phytotoxicity to treatments was evaluated. Treatments in which
plants showed anomalies in their development and plant coloration, with leaf browning on the leaves, were
discarded.

In order to check the activity of essential oils, plants were inoculated in the petiole region 60 days
after sowing with a bacterial suspension, adjusted in As3o = 0.36 (1x10° UFC mL™) with a photocolorimeter,
using the pricking method, adapted from Ren et al. (2001), in which plant tissue is penetrated with the help
of hypodermal syringes, and the bacterial suspension is injected into the foliar mesophyll. Plants remained
in a wet chamber for twelve hours, using moistened plastic bags around the plants under greenhouse
conditions (T of 25.2°C 2 and RH of 57% %2).

After 12 hours, lettuce plants were pulverized with all concentrations that had positive in vitro results,
and that did not cause essential oil phytotoxicity. To obtain the oil concentrations applied directly onto the
plant in the treatments, oils were emulsified with tween 20 (1:1) and diluted in SDW until the desired
concentration was obtained. Evaluations were performed every six hours after inoculation until thirty hours
were completed.

The following epidemiological components were analyzed: A) Incidence; B) Severity; C) Reduced
Disease Incidence (RDI); D) Reduced Disease Severity (RDS); E) Area Under Disease Progress Curve (AUDPC).

Disease severity was estimated with the help of a descriptive scale ranging from 1 to 9, adapted from
Ren et al. (2001), where: 1= no lesion on the inoculated petiole, 2= less than 5 mm, 3= lesions between 5
and 10 mm in the inoculated petiole, 4= more than 10 mm in the inoculated petiole but not into the leaves,
5= lesions reached the leaf blade and main stem, 6= the main stem was infected but no symptoms in non-
inoculated leaves, 7= main stem, and other leaves also infected 8= whole plant nearly dead, and 9= plant
dead.

Reduced Disease Incidence was estimated using the formula adapted and proposed by Silva et al.
(2014) RDI% = [(INCT-INCTr)/INCT] x 100, where INCT = Incidence on the witness and INCTr = Incidence on
the treatment. Likewise, Reduced Disease Severity was estimated using the formula RDS% = [(SEVT-
SEVTr)/SEVT] x 100, where SEVT = Severity of witness, and SEVTr = Severity of treatment.

AUDPC was calculated using the formula proposed by Shaner and Finney (1977): =2 [(Yi + n1 +Yi)/2]
[Xi +1-Xi] -1=1, where Yi is disease proportion in the ith repetition; Ti is time in hours in the ith observation,
and n is the total number of observations.
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The oil with the best resultin the in vivo experiment conducted in a greenhouse was evaluated for its curative
and preventive effect.

Determination of the minimum inhibitory concentration of sage oil

Based on in vivo results obtained in the greenhouse, the experiment with sage oil was repeated and
the concentration was decreased to find the lowest inhibitory concentration, in order to confirm the curative
effects of the treatment with this oil and evaluate its preventive effect and determine an optimal
concentration for recommended application. Therefore, the following concentrations were tested: 0.0%,
0.15%, 0.25%, 0.50%, and 0.75%, using the curative and preventive treatment methodology.

The preventive method consisted of applying sage oil at different concentrations 72 hours prior to
inoculation with the bacterial suspension P. aroidearum adjusted in As3p = 0,36 (1x10° UFC mL?) with a
photocolorimeter using the pricking method (Ren et al. 2001). The curative method followed the same
methodology used during the study of the effects of all essential oils, in which the treatment at different
concentrations was sprayed on lettuce plants 12 hours after inoculation. In order to obtain the essential oil
concentrations, used both for bacterial suspension inoculation and to evaluate epidemiological components
'Incidence’, 'Severity', and 'AUDPC', the methodologies used in the previous experiment were also adopted.

Essential oil composition

The identification of compounds essential oil compounds was performed by gas chromatography at
the Instituto de Pesquisas em Farmacos e Medicamento (IPeFarM) of the Universidade Federal da Paraiba
(UFPB), using a gas chromatograph coupled to a mass spectrophotometer, model GCMS-QP2010 Ultra, in
Shimadzu equipment.

The chromatographic column used was capillary RTX-5MS (5% Diphenyl / 95% dimethyl polysiloxane),
30 m long and 0.25 mm internal diameter.

The compounds were identified by comparing the mass spectra with the spectra in the equipment
database, NIST2008, NIST2008 + Shimadzu, and FFNSC 1.3.

Statistical analyses

The in vitro experiment was conducted with an Entirely Randomized Design, with five replicates in
each treatment, each replicate represented by one Petri dish. The in vivo experiments were comprised of
four replicates, with each replicate comprised of four leaves in a Completely Randomized Design. Each
experiment was repeated twice. Data obtained were analyzed and submitted to a test of comparison of
means or a polynomial regression test with the help of the R (version 3.5.1) (R Development Core Team) and
Sisvar (version 5.6) programs.

3. Results and Discussion

The pathogenicity test was successfully performed as soft rot symptoms were reduced in the hosts
tested, showing the pathogenicity of isolate UNEB 3.

The antimicrobial activity of essential oils derived from the species studied was initially determined
based on the in vitro sensitivity of the bacterial isolate Pectobacterium aroidearum (UNEB 3). Compared to
the witness, palmarosa, sage, citronella, lemongrass, and clove oils were observed to have positive results
of inhibition of bacterial colony growth at a concentration of 0.25%. Sage oil, on the other hand, inhibited
bacterial growth at a concentration of 0.75%. Essential orange, rosemary, bergamot, ginger, and melaleuca
oils were not active in the concentration range studied (Table 1).

In the greenhouse assay, which was conducted to determine whether the most effective
concentrations of essential oils in in vitro tests also had phytotoxicity in lettuce, clove, and orange oils (1.0%),
palmarosa and citronella oils (0.75 and 1.0%), and lemongrass oil (0.75 and 1.0%) were observed to be
phytotoxic.

Lettuce plants in which the preventive treatment was applied with sage oil at 0.50 and 0.75% had
highly effective control with a 100% reduction in disease incidence and severity. These data are confirmed
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as these plants also had the lowest AUDPC. Sage oil at 0.25% and 1.0% also had satisfactory results with
93.75% and 81.25% of reduced disease incidence, respectively (Table 2).

Table 1. In vitro sensitivity of Pectobacterium aroidearum to essential oils, determined by counting colonies
in CPG culture medium.

Concentration

Essential oil 0% 0.25% 0.5% 0.75% 1.0%
Orange 8.35%A' 8.33%%A 8.21°A 8.112A 8.16%4
Rosemary 8.09%A 8.70%A 8.37 8.08%A 3.9808
Palmarosa 8.40% 0.00°8 0.00°8 0.00°8 0.00°8
Sage 8.05% 1.8698C 3.618 0.00b¢ 0.00
Bergamot 8.38%A 8.23%A 7.97°A 8.00%A 7.90%A
Ginger 8.45%A 8.18%A 8.33%A 8.21°A 4.058
Citronella 8.33%A 0.00V® 0.00¢8 0.00°8 0.00¢8
Lemongrass 8.41%A 0.00°8 0.00°® 0.00°8 0.00°®
Clove 8.46°A 0.00V® 0.00¢B 0.00°8 0.00¢B
Melaleuca 8.543 8.25% 8.17% 7.90% 7.83%

"Means followed by the same lowercase letter in the column and uppercase letter on the row do not differ statistically using
Tukey's test with (P<0.05). 2Values expressed in Log (UFC mL1+1).

Table 2. Curative effect of essential oils in the management of soft rot in lettuce caused by Pectobacterium
aroidearum evaluated by the epidemiological components Incidence (INC), Reduced Disease Incidence
compared to the witness (RDI), Severity (SEV), Reduced Disease Severity compared to the witness (RDS),
Incubation Period (IP), and Area Under Disease Progress Curve (AUDPC).

Treatments INC (%) RDI (%) SEV RDS (%) PI (hours) AUDPC
Sage 0.25% 6.25% 93.752P 1.125% 74.1820 0.3752 26.437%
Sage 0.50% 0@ 1002 1.0° 1002 0@ 24.0°
Sage 0.75% 0? 1002 1.0° 100° 0° 24.0°
Sage 1.0% 18.75%° 81.252b¢ 1.375%° 68.622b¢ 3.375% 30.0%°
Lemongrass 0.25% 50% 5QPcd 2.5625% 43.62°¢ 7.1252b 47.43%b¢
Clove 0.25% 37.5% 62.52bcd 2.187% 52.752b¢ 5.252b 42.932bc
Clove 0.50% 2520 75.02bcd 1.81220 60.372b¢ 3.0% 38.052%¢
Clove 0.75% 56.25% 43,75 3.375° 41.56°¢ 6.375% 62.623¢
Palmarosa 0.25% 31.25% 68.752bcd 1.81252% 58.812b¢ 3.0% 41.062b¢
Palmarosa 0.50% 5032° 5Qbcd 2.562% 45,12b¢ 6.0 49.873b¢
Citronella 0.25% 68.75% 31.25¢ 2.875% 35.81¢ 6.375% 62.62°¢
Witness 100° NA* 4.437° NA 11.25° 77.81¢
CV (%) 58.45 54.86 25.35 35.08 42.66 17.40

"Means followed by the same lowercase letter do not differ statistically using Tukey's test with 5% significance. 2Incidence (INC),

expressed by the percentage of sick plants for each corresponding concentration. 3Data were transformed (vx + 0.5) in order to
better adjust to the analysis of variance (ANOVA). “Not applicable.

Other treatments also had satisfactory results, as they did not statistically differ from sage oil, which
had the best indices in the analyses of epidemiological variables. Clove oil (0.25 and 0.50%) and palmarosa
oil (0.25%) are some examples, as they significantly reduced disease incidence and severity.

Literature on the effect of essential plant oils on P. aroideraum is scarce. However, Joshi et al. (2016),
using eugenol, a major constituent of clove oil, observed reduced production of P. aroidearum and P.
carotovorum subsp. brasiliense biofilm in cabbage (Brassica oleracea L.), potato (Solanum tuberosum L.), and
calla lily (Zantedeschia aethiopica (L.) Spreng.). The biofilm produced by these bacteria is a kind of aggregate
that allows them to fixate onto host tissue (Kubheka et al. 2013). In the same study, the reduced enzymatic
activity of pectate lyase, polygalacturonase, and protease was observed. These enzymes are responsible for
macerating host tissue, causing the typical symptom of soft rot.
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Jeong et al. (2009) observed that lemongrass oil inhibited the in vitro growth of 3 different P.
carotovorum isolates at 0.50%. The authors indicated that this inhibition is due to the physical nature of
essential oils, which are capable of penetrating the tissue 100 times as fast as water, and 10,000 times as
fast as salts since they have a low molecular weight (Burt et al. 2005; Edris 2007). The antimicrobial
properties of lemongrass essential oil might be attributed to the presence of 80% of citral, citronella,
geraniol, methyl-heptane, n-dectil-aldehyde, and linalool in plants, which are active ingredients used to
produce pesticides (Oparaeke 2004; Simeon and Abubakar 2014).

As citronella oil derives from the same genus as lemongrass, it has similar characteristics regarding
its antimicrobial activity. Costa et al. (2008) observed that citronella oil was more effective than the antibiotic
tetracycline in inhibiting the growth of six P. carotovorum subsp. carotovorum (Jones 1901) Hauben et al.
1998 isolates at a MIC of 1%. Positive results are also found in other species of plant disease-causing bacteria,
such as Pseudomonas syringae pv. tomato (Okabe) Young, Dye & Wilkie (Silva et al. 2014), Ralstonia
solanacearum (E.F. Smith) Yabuuchi et al. (Martins et al. 201 0), Agrobacterium tumefaciens (Smith and
Townsend 1907) Conn 1942, and Streptomyces spp. Waksman & Henrici 1943 (Huang and Laksman 2010).

In the analysis of data from the in vivo experiment with sage oil, linear regression, and polynomial
regression were adjusted to the treatment for the variables analyzed, and satisfactory coefficients of
determination (R?) were obtained, except for severity in the preventive control (Figure 1). In order to
determine the lowest oil concentration with which the lowest incidence, severity, and AUDPC were
obtained, the first derivative in the regressions equation with the highest adjustment obtained was equal to
zero.

In the preventive treatment, a small reduction in disease incidence was observed using sage essential
oil, with values close to 40% at the highest concentration studied compared to the witness (Figure 1A).
Regarding the epidemiological variable 'severity', sage oil was not capable of reducing the severity of soft
rot in lettuce and did not significantly differ from the witness (Figure 1B).

Some of these studies show that the use of essential oils might be considered a viable alternative in
the preventive treatment of plant diseases, mostly those of fungal nature, such as tomato bacterial spot
(Alternaria solani) (Lucas et al. 2012) and anthracnose in sorghum (Colletotrichum graminicola) (Sarmento-
Brum et al. 2013), with better effects than the curative treatment. Lucas et al. (2012), in one of the few
studies on the preventive oil-based treatment of pathogenic bacteria, obtained reduced bacterial spot in
tomato caused by Xanthomonas vesicatoria, by treating the plants with clove essential oil. However, in our
study, sage oil did not show efficacy in the preventive control of soft rot in lettuce.

When applying the curative treatment, disease incidence reduced by approximately 90% starting at
a concentration of 0.25% of sage oil, and it decreased with increased concentration (Figure 1E). The lowest
disease incidence value was obtained at 0.5%.

For the epidemiological variable 'severity', plants had the lowest severity score at a concentration of
approximately 0.79% according to the scale proposed by Ren et al. (2001), with values of approximately 1.62.
The lowest AUDPC value was obtained at 0.5741 of oil concentration, with which values of approximately
31.6 were obtained (Figure 1F). Therefore, considering concentrations that caused the highest reduction in
all epidemiological variables studied, the mean concentration of 0.64% caused reduced incidence, severity,
and AUDPC.

The results obtained in this study are positive compared to the literature. In one of the few studies
found using sage oil to treat bacteria of the genus Pectobacterium, Silva et al. (2012) obtained severity values
of 4.7 with sage oil at 0.5% in a P. carotovorum subsp. carotovorum isolate and did not have positive in vitro
results.

Sage essential oil is also reported to have positive effects on Gram-negative bacteria, including
Pectobacterium atrosepticum (Van Hall 1902) Gardan et al. 2003, reducing the effects of this disease by up
to 65% (Zaidi-Yahiaoui et al. 2009). There is more information on the effects of sage in the reduction of
diseases in pathogenic fungi, such as grapevine mildew caused by the fungus Plasmopara viticola (Berk. and
M.A. Curt.) Berl. & De Toni. In a study conducted by Dagostin et al. (2010), an extract derived from sage
provided a 94% reduction in disease incidence and a 63% reduction in AUDPC for disease severity in berries
and leaves, reaching a disease control level similar to that obtained with the traditional chemical control
with. copper.
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Figure 1. Effect of sage essential oil in the preventive and curative treatment of soft rot in lettuce caused
by P. aroidearum. A — disease incidence in preventive control; B — disease severity in preventive control; C -
area Under Disease Progress Curve (AUDPC) in prevetive control; D — disease incidence in curative control;
E — disease severity in curative control; F — area Under Disease Progress Curve (AUDPC) in curative control.

These results might be explained by Pop et al. (2016) who observed that the antioxidant activity of
sage decreases the concentration of the stable DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical, reducing
its concentration by up to 92%. DPPH is frequently used to evaluate the antioxidant activity of natural
compounds in an easy, rapid, and sensitive manner (Al-Qudah et al. 2014).

Kuzma et al. (2007), who evaluated the antimicrobial activity of sage, initially observed the presence
of diterpenoids in its composition, derived from its secondary metabolism. These diterpenoids have a
bacteriostatic behavior in Gram-positive and Gram-negative bacteria, as well as in fungi. Aside from the
bacteriostatic effect, these compounds showed to be bactericidal for Gram-positive bacteria. According to
the authors, diterpenoids prevent bacterial adhesion and biofilm formation. Some studies also show that
several species of the genus Salvia have antibacterial effects, e.g., the study by Hussain et al. (2011), in which
the major compounds of Salvia officinalis, linalyl acetate, and linalool, had the highest activity.
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Essential oil composition

In total, 74 constituents of sage essential oil were found, of which 70 could be identified. Of these,
the compounds present in Table 3 presented the highest concentrations. Linalyl acetate, 9-octadecenoic acid
(9-Octadecenoic acid), and linalool were the major compounds because they had the highest relative
concentration rates, with 23.25, 9.84, and 9.33% of the total constituents, respectively.

Table 3. Relative concentration (%), obtained by gas chromatography, of the sage essential oil constituents.

Essential oils constituents Relative concentration (%)
Linalyl acetate 23.25
9-Octadecenoic acid, (E) 9.84
Linalool 9.33
9,12-Octadecadiecoic acid (Z, Z) 6.85
Bicyclo [3.1.0] hexan-3-one, 4-methyl-1-(1-methylethyl) 6.00
Camphor 4.86
Octadecanoic acid 431
6,11-Hexadecadien-1-ol 4.28
Eucalyptol (1,8-CINEOLE) 2.69
n-Hexadecanoic acid 2.35
Others 26.24

Some research has already been conducted with these major compounds, highlighting linalool as a
starting compound for several important syntheses, such as linalyl acetate itself, which was found in higher
concentration. In addition, it has been tested as acaricide, bactericide, and fungicide and is present in other
oils, such as bergamot (Aguiar et al. 2017).

Despite reports of the efficiency of these constituents, little research is focused on the use of these
components for the development of products aimed at controlling phytopathogenic bacteria. Although
there are no studies in this context, due to the efficiency of sage oil in reducing soft rot in the present work,
there is a clear need for studies of these components alone or in combination, and not just the major
components, for the control of P. aroidearum.

Thus, knowing the constitution of this essential oil becomes essential, since it will be possible to direct
studies that aim to take advantage of its potentialities and modes of action in bacteria that cause disease in
plants.

4. Conclusions

In the present study, the preventive treatment was not efficient for the management of soft rot in
lettuce, however, that sage oil at the concentration 0.64% was capable to reduce the bacterial growth of P.
aroidearum when applied for curative purposes and can be recommended for the control of this disease.
The linalyl acetate and linalool, found in higher concentrations in the chromatographic analysis, probably
conferred the bactericidal capacity of the essential oil of sage, being potential for use in the control of P.
aroidearum in lettuce disease.
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