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Efficiency of essential oils to control Colletotrichum
theobromicola in vitro

Eficiéncia de dleos essenciais no controle de Colletotrichum theobromicola
in vitro
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Abstract: Essential oils promote the inhibitory control of several fungi, including those within the genus
Colletotrichum, the causal agent of Anthracnose, a disease which may occur at any stage of development
in various crops, reducing up to 70% of crop production in some cases. Thus, the use of alternative
products constitutes an important strategy for the integrated management, promoting less persistent
molecules in the environment and lower toxicity rates, providing health benefits to producers and
consumers of agricultural products. In this context, the present study evaluated the in vitro fungitoxic
effect of essential oils from Java citronella (Cymbopogon winterianus), clove (Syzygium aromaticum),
eucalyptus (Eucalyptus globulus) and rose pepper (Schinus terebinthifolius) on the mycelial growth of
Colletotrichum theobromicola. The experiment was performed under completely randomized design, in
a 4x5 factorial scheme (4 essential oils x 5 concentrations), with five replications, and the experimental
unit consisting of a Petri dish. The treatments were generated by combining the concentrations (0, 5, 10,
15, 25 and 50 yL mL") of essential oils (citronella, clove, eucalyptus and rose pepper). The plates were
inoculated with the pathogen C. theobromicola and incubated for seven days at 25 = 2 °C. To verify the
difference between treatments, the percentage of mycelial growth inhibition (PGI) was estimated. The
mycelial growth of C. theobromicola was significantly reduced with increasing concentrations of essential
oils. At a concentration of 50 yL mL", the essential oil from S. terebinthifolius showed the best result
inhibiting 54.57% of mycelial growth, followed by the oil from S. aromaticum (49.26%), C. winterianus
(23.70%) and E. globulus (17.90%). All the studied oils showed antifungal activity.
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Resumo: O emprego de 6leos essenciais promove o controle inibitério de diversos fungos, entre esses o
género Colletotrichum, agente causal responsavel por uma das principais doengas, a Antracnose, a qual
se manifesta em todos os estagios de desenvolvimento, reduzindo até 70% da produgdo em algumas
culturas. Dessa forma, o emprego desses produtos alternativos auxilia como importante estratégia no manejo
integrado, apresentando menor persisténcia no meio ambiente e baixa toxidade, proporcionando beneficios
a saude dos produtores e dos consumidores de produtos agricolas. Nesse contexto, o presente estudo
avaliou o efeito fungitdxico in vitro dos 6leos essenciais de citronela (Cymbopogon winterianus), cravo-
da-india (Syzygium aromaticum), eucalipto (Eucalyptus globulus) e pimenta-rosa (Schinus terebinthifolius)
sobre o crescimento micelial de Colletotrichum theobromicola. O delineamento experimental foi inteiramente
casualizado, em esquema fatorial 4x5 (4 6leos essenciais x 5 concentracdes), com cinco repeticées, sendo
a unidade experimental constituida por uma placa de Petri. Os tratamentos foram gerados pela combinacéo
das concentracées (0; 5; 10; 15; 25 e 50 pL mL") dos 6leos essenciais (citronela, cravo-da-india, eucalipto
e pimenta-rosa). As placas foram inoculadas com o patdégeno C. theobromicola e incubadas por sete dias
a 25 + 2 °C. Para verificar a diferenga entre os tratamentos foi estimada a porcentagem de inibicao de
crescimento micelial (PIC). O crescimento micelial de C. theobromicola foi reduzido significativamente com
0 aumento das concentracées dos 6leos essenciais. Na concentracédo de 50 uL mL™, o éleo essencial de S.
terebinthifolius apresentou o melhor resultado de inibicao micelial (54,57%) do fungo, seguido dos 6leos de
S. aromaticum (49,26%), C. winterianus (23,70%) e E. globulus (17,90%). Os 6leos estudados apresentaram
atividade antifungica.

Palavras-chave: Controle alternativo. Antracnose. Fungicida natural.
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INTRODUCTION

Plant pathogenic fungi answer for relevant global
agricultural production losses (BRZEZINSKA, 2014).
Fungi within the genus Colletotrichum are considered
among the main plant pathogens due to their wide
geographical distribution, extensive variety of susceptible
hosts and high number of plant pathogenic species
(DEAN et al., 2012). Among the species within this
genus, Colletotrichum theobromicola causes the disease
known as anthracnose in various crops with economic
significance in many countries (WEIR e al., 2012;
RODRIGUES et al., 2014; COSTA et al., 2019). The
disease may occur at any stage of plant development,
infecting leaves, shoots, flowers and fruits, and
reducing up to 70% of crop production (JUNQUEIRA;
JUNQUEIRA, 2014).

Symptoms of anthracnose on leaves consist of small
circular spots with yellowish halos which become chlorotic
and fall, causing premature defoliation MUNHUWEYI
et al., 2016). In fruits it expresses itself as circular or
irregular lesions of dark-brown or bright-brown color
which expand with fruit maturation. Fruits show an oily
appearance, with depressions and dry appearance, with
fruit flesh being damaged. The disease may also express
as a soft rot and cause fruit drop (KIMATI et al., 2011).
Temperature and high relative humidity contribute to the
development of the disease, resulting in significant losses
due to the difficult control (GHINI e? al., 2011).

Plant sanitary problems observed in the field are
minimized through the conventional agricultural system
based on the utilization of fertilizers and highly toxic
chemical pesticides. Such agriculture model causes
biological and ecological imbalances (TAKESHITA
et al., 2014) and various problems to human health
(SHEAHAN et al., 2017). The indiscriminate use of
those products may also favor the occurrence of resistant
pathogens, leading to the necessity for a progression of
stronger chemical products which in turn will cause more
significant damages, including higher production costs
(PERINA et al., 2015), environmental contamination
(SILVA; MELO, 2013) and higher quantity of food
residues, which restricts exportation of agricultural
products (BALLESTE et al., 2020).

In this view, several studies try to identify natural
products which may have on its constitution substances
with fungitoxic properties that may be employed to
control pathogens of important crops, with less risk for
human health and less environmental issues (LIMA et al.,
2019). Among natural products, essential oils fit within
these characteristics, being constituted by complex
compounds elaborated from secondary metabolites
from plants and with low toxicity to humans (RAUT;
KARUPPAYIL, 2014).

INTRODUCAO

Os fungos fitopatogénicos sdo responsaveis por relevantes
perdas na produgdo agricola mundial (BRZEZINSKA,
2014). Entre esses, o género Colletotrichum ¢ considerado
um dos principais devido a ampla distribui¢do geografica,
grande variedade de hospedeiros suscetiveis e elevado
numero de espécies fitopatogénicas (DEAN et al.,
2012). Entre as espécies desse género, o Colletotrichum
theobromicola causa a doenga chamada antracnose, que
infecta culturas de importdncia econdmica em varios
paises (WEIR et al., 2012; RODRIGUES et al., 2014;
COSTA et al., 2019) e se manifesta em todos os estagios
de desenvolvimento, atacando folhas, brotacdes, flores e
frutos de qualquer idade, reduzindo até 70% da producdo
em algumas culturas (JUNQUEIRA; JUNQUEIRA, 2014).

Os sintomas da antracnose nas folhas consistem em
pequenas manchas circulares com halos amarelos que
se tornam clordticas e caem, acarretando desfolhamento
prematuro (MUNHUWEYTI ef al., 2016). Nos frutos,
apresentam-se em forma de lesdes circulares ou irregulares
de coloragdo pardo-clara a pardo-escura, aumentando de
tamanho de acordo com a maturagdo do fruto. Os frutos
apresentam aparéncia oleosa, deprimidos e murchos,
afetando a polpa. Podem se apresentar, ainda, na forma de
podridao mole e provocar queda dos frutos (KIMATI et al.,
2011). Temperatura ¢ umidade elevada contribuem para
o desenvolvimento dessa doenga, resultando em grandes
prejuizos decorrentes do dificil controle (GHINI et al., 2011).

Os problemas fitossanitarios relatados no campo
sdo minimizados por meio do sistema convencional
de producdo agricola, que se baseia na aplicacdo de
fertilizantes e pesticidas quimicos altamente toxicos. Esse
modelo de agricultura promove desequilibrios biologicos
e ecologicos (TAKESHITA et al., 2014), além de varios
problemas a saude humana (SHEAHAN et al., 2017). O
uso indiscriminado desses produtos também pode favorecer
o surgimento de patogenos resistentes, necessitando da
aplicagdo progressiva de agroquimicos mais fortes que
ird proporcionar danos ainda mais relevantes, como o
aumento dos custos de producdo (PERINA ef al., 2015),
contaminag@o do meio ambiente (SILVA; MELO, 2013),
maior quantidade de residuos em alimentos, o que limita a
exportagdo de produtos agricolas (BALLESTE et al., 2020).

Nesse contexto, varios estudos vém buscando identificar
produtos naturais que apresentem na composicao substancias
com propriedades fungitoxicas e que sejam capazes de ser
empregadas no controle de patdgenos prejudiciais as culturas,
€ que sejam menos agressivos ao meio ambiente ¢ a saude
humana (LIMA et al., 2019). Entre os produtos naturais,
os Oleos essenciais se enquadram nessas caracteristicas,
constituidos por compostos complexos elaborados a partir
de metabolitos secundarios das plantas e com baixa toxidade
a humanos (RAUT; KARUPPAYIL, 2014).
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Properties of the essential oils from Java citronella
(Cymbopogon winterianus Jowitt), clove (Syzygium
aromaticum (L.) Merr; L. M. Perry), eucalyptus
(Eucalyptus globulus Labill) and rose pepper (Schinus
terebinthifolius Raddi) were studied by diverse
researchers and their biological activities, including
antifungal activity, were described in the literature (CRUZ
et al., 2015; ARRUDA et al., 2019; LIMA et al., 2019;
MOHAMED et al., 2020). The utilization of essential oils
promotes the inhibitory control of many fungi, including
those from the genus Colletotrichum (RAMOS et al.,
2016; CRUZ et al., 2017), exhibiting less persistence in
the environment and low toxicity, providing benefits for
farmers and consumers’ health. Thus, the objective of the
present work was to evaluate the effect of essential oils
from C. winterianus, S. aromaticum, E. globulus and S.
terebinthifolius on the mycelial growth of Colletotrichum
theobromicola in vitro.

MATERIAL AND METHODS

The experiment was completed at the Laboratory
of Phytopathology at the Campus for Engineering and
Agricultural Sciences (CECA) from the Federal University
of Alagoas (UFAL), located at the km 85 of the BR 101
North highway (9°27°54.71”’S — 35°49°39.27”W), in the
municipality of Rio Largo, 27 km from the city of Maceio,
the capital of the state of Alagoas, Brazil.

The isolate used in the experiment was obtained from
the phytopathogens’ collection from the Federal University
of Alagoas (COUFAL), originated from leaves from
Anonaceae species exhibiting anthracnose in a commercial
plantation in the state of Alagoas and identified as
Colletotrichum theobromicola through Bayesian Inference,
based on multilocus analysis of genes actin (ACT),
B-tubulin (TUB2), calmodulin (CAL), chitin synthase
(CHS-1), manganese superoxide dismutase (SOD),
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and
the region of the internal transcribed spacer (ITS) (COSTA
etal., 2019).

The experiment was performed under completely
random design, in a factorial 4x5 (4 essential oils x 5
concentrations). Concentrations were established at 5; 10;
15; 25 and 50 uL. mL"". Five replicates were used for each
treatment, considering one Petri dish as the experimental
unit.

Oils selected for the experiment were previously
recorded in the literature as promising against different
pathogens. Concentrations were also determined based
on literature (CRUZ et al., 2015; ARRUDA et al., 2019;
LIMA et al., 2019; MOHAMED et al., 2020). In order to
obtain the final concentrations the method of direct dilution
in culture medium was used (PEREIRA ef al., 2006).

As propriedades dos 6leos essenciais de citronela
(Cymbopogon winterianus Jowitt), cravo da india
(Syzygium aromaticum (L.) Merr; L. M. Perry), eucalipto
(Eucalyptus globulus Labill) e pimenta rosa (Schinus
terebinthifolius Raddi) foram estudadas por diversos
pesquisadores, e suas atividades bioldgicas, incluindo
atividade antifungica, foram relatadas na literatura
(CRUZ et al., 2015; ARRUDA et al., 2019; LIMA et
al.,2019; MOHAMED et al., 2020). O emprego de 6leos
essenciais promove o controle inibitorio de diversos
fungos, incluindo o género Colletotrichum (RAMOS
et al., 2016; CRUZ et al., 2017), apresentando menor
persisténcia no meio ambiente e baixa toxicidade,
proporcionando beneficios a satde dos produtores e
consumidores de produtos agricolas. Assim, objetivou-se
avaliar o efeito dos 6leos essenciais de C. winterianus,
S. aromaticum, E. globulus e S. terebinthifolius no
crescimento micelial de Colletotrichum theobromicola.

MATERIAL E METODOS

O trabalho foi conduzido no Laboratério de
Fitopatologia do Campus de Engenharias e Ciéncias
Agrarias (CECA) da Universidade Federal de Alagoas
(UFAL), localizado no km 85 da BR 101 Norte
(9°27°54.71”S — 35°49°39.2770), no Municipio de Rio
Largo, situado a 27 km da cidade de Maceid, capital do
estado de Alagoas.

O isolado utilizado no experimento, proveniente da
colecdo de fitopatogenos da Universidade Federal de
Alagoas (COUFAL), foi obtido de sintomas de antracnose
em folhas de anonaceas em plantio comercial no estado
de Alagoas e identificado por Inferéncia Bayesiana
baseados nas analises multi-locus dos genes actina (ACT),
B-tubulina (TUB2), calmodulina (CAL), chitina synthase
(CHS-1), manganese-superoxido dismutase (SOD),
gliceraldeido-3-fosfato desidrogenase (GAPDH) e regido
do espaco interno transcrito (ITS), como Colletotrichum
theobromicola (COSTA et al.,2019).

O delineamento experimental foi inteiramente
casualizado, em esquema fatorial 4x5 (4 6leos essenciais
X 5 concentragdes). As concentragdes consistiram
em 5; 10; 15; 25 e 50 uL mL-'. Para cada tratamento
foram empregadas cinco repeti¢cdes, sendo a unidade
experimental uma placa de Petri.

Os dleos selecionados para o estudo tinham resultados
promissores relatados em diferentes trabalhos e com
patogenos distintos. As concentragdes foram definidas
com base na literatura (CRUZ et al., 2015; ARRUDA
et al., 2019; LIMA et al., 2019; MOHAMED et al.,
2020). Para obter as concentragdes finais, utilizou-se
o procedimento de dilui¢do direta em meio de cultura
(PEREIRA et al., 2000).
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The essential oils were purchased in the local
market, with oils from S. aromaticum and E. globulus
being form Bioesséncia® and C. winterianus and S.
terebinthifolius from Via Aroma®. The products were
extracted by steam distillation, according specifications
and methodology from the manufacturers.

Mycelium disks of C. theobromicola with 5
mm diameter were obtained from the margin of the
colonies, after 7 days growing in Potato Dextrose
Agar (PDA) medium and were placed in Petri dishes
containing synthetic PDA (20 mL of culture medium
per Petri dish) supplemented with the essential oils
at test concentrations. The concentration 0 pl mL!
corresponded to the control. The experimental control
consisted of Petri dishes containing only synthetic
PDA medium, where the disks containing the pathogen
were set.

Petri dishes containing the pathogen were
incubated in a Biochemical Oxygen Demand (BOD)
chamber at 25°C and photoperiod of 12 h. Seven days
after inoculation the evaluation of mycelial growth
was performed, consisting in measuring the diameter
of colonies, obtained by the mean value of two
perpendicular measures using a digital caliper. Results
were used to calculate the percentage of mycelial
growth inhibition (PGI) according to the formula (1).

Os oleos essenciais foram adquiridos no comércio
local, sendo S. aromaticum e E. globulus da marca
Bioesséncia®; C. winterianus e S. terebinthifolius
da marca Via Aroma. Os produtos foram extraidos
por destilagdo a vapor, de acordo com metodologia e
especificacdes proprias dos fabricantes.

Discos de micéliode 5 mm, didmetro da espécie C.
theobromicola, foram removidos da margem da colonia,
com 7 dias de crescimento em meio de Batata-Dextrose-
Agar (BDA) e depositados em placas de Petri contendo
meio BDA sintético (20 mL de meio de cultura por
placa de Petri), suplementado com os 6leos essenciais
nas concentragdes testadas. A concentragdo 0 L mL"!
correspondeu a testemunha. Para a testemunha foram
utilizadas placas de Petri contendo apenas meio de
cultura BDA sintético onde foram depositados discos
do patégeno.

As placas contendo o patogeno foram incubadas em
estufa Biochemical Oxygen Demand (BOD) a 25°C e
fotoperiodo de 12 h. Aos 7 dias apds a inoculagdo, foi
realizada a avaliag@o do crescimento micelial do fungo
que consistiu em medigdes do diametro das coldnias,
obtidas pela média de duas medigdes perpendiculares,
utilizando paquimetro digital. Os resultados foram
submetidos ao céalculo da porcentagem de inibigdo
micelial (PIC) de acordo com a féormula (1).

(Witness growth — Treatment growth) x 100)

PGI =

(Witness growth)

Data was submitted to analysis of variance
(ANOVA) and means were compared by the Tuckey
test at 5% probability using the software SISVAR®. In
order to verify the effect of different concentrations
from different essential oils on C. theobromicola
growth, the regression model was used for the in
vitro experimental data using the software Past,
version 2.17c.

RESULTS

Essential oils from Java citronella (C.
winterianus), clove (S. aromaticum), eucalyptus
(E. globulus) and rose pepper (S. terebinthifolius)
reduced the mycelial growth of Colletotrichum
theobromicola up to 40%, in vitro. Oils from S.
terebinthifolius and S. aromaticum were the most
efficient (Figure 1).

Os dados obtidos foram submetidos a analise de
varidncia (ANOVA) e as médias comparadas pelo Teste
de Tukey em nivel de 5% de probabilidade, utilizando
o programa SISVAR®. Para verificar o efeito das
diferentes concentragdes dos distintos 6leos essenciais
sobre o crescimento de C. theobromicola foi utilizado
o modelo de regressdo sobre os dados do experimento
in vitro usando o programa Past, versdo 2.17c.

RESULTADOS

Os oleos essenciais de citronela (C. winterianus),
cravo (S. aromaticum), eucalipto (E. globulus)
e pimenta rosa (S. terebinthifolius) reduziram o
crescimento micelial in vitro de Colletotrichum
theobromicola em até 40%. Observou-se que os 6leos
de S. terebinthifolius e S. aromaticum foram superiores
aos demais (Figura 1).
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Figure 1 - In vitro percentage of mycelial growth inhibition (PGI) of Colletotrichum theobromicola

with different essential oils studied.

Eucalyptus globulus, Cymbopogon winterianus; Schinus terebinthifolius and Syzygium aromaticum. Different letters
represent significant differences between treatments by the Tuckey test (p < 0.05).

Figura 1 - Porcentagem de inibicdo do crescimento micelial (PIC) in vitro de Colletotrichum
theobromicola dos diferentes dleos essenciais estudados.

Eucalyptus globulus; Cymbopogon winterianus; Schinus terebinthifolius e Syzygium aromaticum. Letras diferentes
representam diferenca significativa entre os tratamentos pelo teste de Tukey (p < 0,05).

The effect of dosages of essential oils on
C. theobromicola mycelial growth in vitro was
described by the linear model (Figures 2A and
2D), showing the increase of oil concentration,
independently of the oil origin, favored the
inhibition of mycelial growth. The maximum
dosage studied (50 pL mL"") of different essential
oils, inhibited up to 55% of the mycelial growth.
Oils form S. terebinthifolius (55%) (Figure 2D)
and S. aromaticum (49%) (Figure 2B) were
superior, however, all essential oils were effective
to control the pathogen.

Results observed in Figures 2A and 2D are
important, considering a potential alternative
and innovative strategy to control this fungus,
once there is no record in literature on studies
concerning the effect of essential oils from S.
terebinthifolius, S. aromaticum, C. winterianus
and E. globulus inhibiting C. theobromicola.

O efeito das doses dos oOleos essenciais
na reducdo do crescimento micelial de C.
theobromicola in vitro foi descrito por modelo
linear (Figuras 2A a 2D), indicando que o aumento
da concentragdo do o6leo, independentemente
do tipo de 6leo, favoreceu sua inibi¢cdo. A dose
maxima estudada de 50 pL mL-' dos distintos
6leos essenciais inibiu em até 55% o crescimento
micelial. Os 6leos de S. terebinthifolius (55%)
(Figura 2D) e S. aromaticum (49%) (Figura 2B)
foram superiores aos demais. Mas todos os 6leos
foram efetivos no controle do patégeno.

Os resultados observados nas Figuras 2A a
2D se revestem de importdncia como estratégia
alternativa e inovadora no controle desse fungo,
uma vez que ndo ha relato em outros estudos sobre
o efeito dos Oleos essenciais S. terebinthifolius,
S. aromaticum, C. winterianus ¢ E. globulus na
inibigcdo de C. theobromicola.
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Figure 2 - Percentage of inhibition of Colletotrichum theobromicola mycelial growth according to

different concentrations of essential oils.

A — Cymbopogon winterianus; B — Syzygium aromaticum; C - Eucalyptus globulus; D - Schinus terebinthifolius. ***p < 0.001

pelo test F.

Figura 2 - Porcentagem de inibigdo micelial no crescimento de Colletotrichum theobromicola em
funcdo de diferentes concentragbes dos oleos essenciais estudados.
A — Cymbopogon winterianus; B — Syzygium aromaticum; C - Eucalyptus globules; D - Schinus terebinthifolius. ***p < 0,001

pelo teste F.

DISCUSSION

Essential oils promote microbial control due
to their high chemical complexity, derived from
their diverse components. These components
act through different mechanisms on different
targets, simultaneously. These characteristics are
advantageous when compared to synthetic fungicides,
reducing the possibility of pathogen resistance (LIMA
et al., 2019).

DISCUSSAO

Os Oleos essenciais promovem controle
microbiano, em virtude da sua alta complexidade
quimica, proveniente de diversos constituintes.
Esses constituintes agem por mecanismos de agdo
distintos em diferentes alvos simultaneamente. Essas
caracteristicas proporcionam vantagens ao uso de
fungicida sintético, reduzindo a possibilidade de
resisténcia em fitopatégenos (LIMA et al., 2019).
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According to the literature, phenolic compounds such as
citronellol, geraniol and nerol in the oil form C. winterianus
(CRUZ et al., 2015), eugenol, B-caryophyllene, a-humulene,
caryophyllene oxide and eugenyl acetate in S. aromaticum
(ROJAS et al., 2014), eucalyptol or 1,8-cineole, a-pinene,
o-cimene, limonene, y-terpinene in E. globulus (MACEDO
et al., 2009) and §-3-carene, limonene, a-pheellandrene
and a-pinene in S. terebinthifolius (SANTOS et al., 2007),
are the main components in these oils associated with
antimicrobial activity.

The effect of the studied oils inhibiting C.
theobromicola is verified in Figure 1. The mechanism
of action of the essential oils from C. winterianus are
associated to modifications in the morphologic structures
in microorganisms, promoting interactions with ergosterol
from cell membranes, resulting in the disruption of cell
membranes (OLIVEIRA et al., 2015). The mechanisms
from S. aromaticum oils are related to their hydrophobicity,
which promotes interactions with cell walls and the lipids
from the cell membrane and mitochondria, modifying cell
permeability and causing disturbances on their structures
(LIMA et al., 2019). Regarding S. terebinthifolius, the
mechanisms of action for its essential oils are associated
with the inhibition of cell wall formation in fungi (ALVES
et al., 2013). The essential oils from E. globulus need
further studies to completely define their mechanisms of
action against microorganisms and fungi (BARBOSA et
al., 2016).

Figures 2A and 2D, show the efficiency of the studied
oils to control the mycelial growth in vitro at different
concentrations, with emphasis to S. terebinthifolius oils
(55%) and S. aromaticum (49%). In vitro inhibition
of fungal growth using different oils are reported in
the literature. Cruz et al. (2015), while evaluating oils
form C. winterianus, verified a reduction in mycelial
growth in three isolates of Fusarium solani evaluated at
increasing concentrations (5, 10, 15, 20, 25 and 30 pL
mL"). Studying the control of fungal pathogens, Lima
et al. (2019) reported total inhibition of the mycelial
growth in Fusarium verticillioides, at low concentrations
of S. aromaticum oils. In a similar manner, Arruda
et al. (2019) reported total control of Rhizoctonia
solani and Sclerotium rolfsii using a concentration of
2.0 uL mL" of E. globulus oils.

Evaluating anti-fungal activity of S. terebinthifolius
oils, Mohamed ef al. (2020) reported the inhibition of
Bipolaris oryzae, Fusarium oxysporum, F. solani and R.
solani growth, with significant results at a dosage of 3%.
In addition to evidence the anti-fungal potential from
different essential oils, these studies suggest that the
concentration required to inhibit mycelial growth in vitro
will depend of the microorganism evaluated, validating
the investigation of minimal concentrations required for
different pathogens of economic importance.

De acordo com a literatura, compostos fenolicos, como
o citronelol, geranial e neral no 6leo de C. winterianus
(CRUZ et al., 2015), o eugenol, B-cariofileno, o-humuleno,
oxido de cariofileno e acetato de eugenil no S. aromaticum
(ROJAS et al., 2014), eucaliptol ou 1,8-cineol, a-pineno,
o-cimeno, limoneno, y-terpineno no E. globulus (MACEDO
et al., 2009) e 6-3-careno, limoneno, a-felandreno e
a-pineno na S. ferebinthifolius (SANTOS et al., 2007),
sdo os constituintes majoritarios presentes nesses 6leos que
comumente estao associados a atividade antimicrobiana.

Na Figura 1, verificou-se efeito dos 6leos estudados
sobre a inibi¢do do C. theobromicola. O mecanismo de
acdo do dleo essencial de C. winterianus esta associado
a modificagdes nas estruturas morfologicas dos
microrganismos, promovendo interagdo com o ergosterol
da membrana, acarretando o rompimento da membrana
celular (OLIVEIRA et al., 2015). Para o 6leo de S.
aromaticum, o mecanismo de agdo ¢ relacionado a sua
hidrofobicidade, que propicia interagdo com a parede e os
lipidios da membrana celular e mitocondrias, alterando a
permeabilidade celular e ocasionando distirbios em suas
estruturas (LIMA et al., 2019). Para o S. terebinthifolius,
o mecanismo de agdo estd relacionado a inibicdo da
formagdo da parede celular dos fungos (ALVES et al.,
2013). O ¢6leo de E. globulus requer mais estudos para
definir completamente o seu mecanismo de atividade
antimicrobiana e antifungica (BARBOSA et al., 2016).

As Figuras 2A a 2D mostram a efetividade dos
6leos estudados para o controle micelial do fungo in
vitro em diferentes concentra¢des, sobressaindo-se os
oleos S. terebinthifolius (55%) e S. aromaticum (49%).
Resultados inibitérios no crescimento fungico, usando
diferentes 6leos em condigdes in vitro, sdo reportados
na literatura. Cruz et al. (2015), avaliando o o6leo de
C. winterianus, verificaram redu¢do do crescimento
micelial de trés isolados de Fusarium solani em fungao
do aumento das doses (5, 10, 15, 20, 25 e 30 uL mL"").
Estudando o controle de alguns patdgenos fungicos, Lima
et al. (2019) alcangaram inibicdo total do crescimento
micelial de Fusarium verticillioides com baixas doses de
S. aromaticum. Enquanto Arruda et al. (2019) atingiram
o controle total de Rhizoctonia solani e Sclerotium rolfsii
com a concentragdo 2,0 uL. mL" do 6leo de E. globulus.

Avaliando a atividade antifungica do o6leo de S.
terebinthifolius, Mohamed et al. (2020) conseguiram inibir
o crescimento de Bipolaris oryzae, Fusarium oxysporum,
F. solani e R. solani com resultados mais promissores na
dose de 3%. Além de comprovar o potencial antifungico
dos diferentes Oleos essenciais, os resultados desses
estudos sugerem que a concentragdo necessaria para inibir
o crescimento micelial em condi¢des in vitro dependera
do microrganismo avaliado, justificando a investigacdo
da concentracdo minima em outros fitopatdogenos de
importancia economica.
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The employment of essential oils from different vegetal
species to control C. theobromicola was previously reported
in the literature, with significant results regarding mycelial
growth. Oliveira ef al. (2019) reported a concentration of
200 uL mL"' of Zingiber officinale Roscoe essential oil,
inhibited 69% of mycelial growth. Oliveira et al. (2019b),
while evaluating the toxic effect from different essential
oils against the mycelial growth in C. theobromicola,
verified total inhibition using oils from Piper marginatum
and P. callosum at a concentration of 1%.

With respect to the genus Colletotrichum, the control
of some species using essential oils is registered in some
studies. Ramos ef al. (2016), while studding the control
of C. gloeosporioides, verified that various oils showed
anti-fungal activity at different concentrations varying
form 0.8% (Melaleuca alternifolia), 3.2%, (E. globulus),
6.3% (Citrus limon, Cymbopogon citratus, S. aromaticum,
Cinnamomum verum and Azadirachta indica), 12.5%
(Mentha spicata and C. winterianus), 25% (Copaifera
langsdorffii), 50% (Cocos nucifera and Z. officinale)
to 100% (Ocimum basilicum). Cruz et al. (2017), while
evaluating the anti-fungal activity of the essential oils
from Lippia gracilis, attained 50% inhibition of mycelial
growth in C. acutatum with the lowest concentration tested
(0.15%).

The results in the present study signpost for management
programs to control Colletotrichum theobromicola with
the participation of Annonaceae’s farmers in the Brazilian
Northeastern region. The pathogen, as frequently reported,
has caused the anthracnose disease in annona orchards.
Innovative alternative strategies in management programs
are extremely necessary due to the aggressiveness of this
disease, which arises rapidly in crops causing significant
losses for farmers, reducing production between 53 to
70% when extended rainfall periods are present during
blooming and fruit formation stages (JUNQUEIRA;
JUNQUEIRA, 2014).

CONCLUSIONS

The essential oils studied showed anti-fungal activity,
specifically inhibiting mycelial growth in C. theobromicola;

At the maximum dosage studied of 50 uL. mL"!, the
highest control percentages were observed in essential oils
from S. terebinthifolius (55%) and S. aromaticum (49%).
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O uso de 6leo essencial de outras espécies vegetais no
controle de C. theobromicola foram relatados na literatura,
com resultados significativos para a inibi¢do micelial.
Oliveira et al. (2019a) relataram que a concentragdo de
200 pL mL"do dleo de Zingiber officinale Roscoe inibiu
69% do crescimento micelial do patdgeno. Oliveira et
al. (2019b), avaliando o efeito fungitoxico de diferentes
oleos essenciais sobre o crescimento micelial de C.
theobromicola, constataram inibigao total do crescimento
micelial nas espécies Piper marginatum e P. callosum na
concentragdo de 1% dos oleos.

Em relagdo ao género Colletotrichum, o controle por meio
de oleos essenciais ¢ relatado em diversos estudos. Ramos
et al. (2016), no controle in vitro de C. gloeosporioides,
verificaram que os diversos 6leos utilizados apresentaram
atividade fungicida em diferentes concentragdes, que variaram
de 0,8% (Melaleuca alternifolia), 3,2%, (E. globulus),
6,3% (Citrus limon, Cymbopogon citratus, S. aromaticum,
Cinnamomum verum € Azadirachta indica), 12,5% (Mentha
spicata e C. winterianus), 25% (Copaifera langsdorffii), 50%
(Cocos nucifera e Z. officinale) e 100% (Ocimum basilicum).
Cruz et al. (2017), avaliando a atividade antifiingica de 6leos
essenciais de genotipos de Lippia gracilis, alcangaram com a
menor concentracao testada (0,15%) a inibi¢ao do crescimento
micelial de C. acutatum em mais de 50%.

Os resultados deste estudo apontam para um plano de
gerenciamento no controle de Colletotrichum theobromicola
juntamente com os produtores de annonaceas na regido
Nordeste. Visto que o patdogeno, conforme se relatou com
maior frequéncia, tem causado a doenga antracnose nos
pomares de Annona. Estratégias alternativas inovadoras
para se empregar no manejo sdo extremamente necessarias
devido a agressividade com a qual a doenga vem se
instalando rapidamente nos plantios e causando prejuizos
na produgdo, reduzindo a producdo em 53 a 70% quando
ocorrem chuvas prolongadas durante a floragao e formagao
dos frutos (JUNQUEIRA; JUNQUEIRA, 2014).

CONCLUSOES

Os oleos estudados apresentam atividade antifungica,
especificamente na inibigdo micelial para C. theobromicola;

Na dose maxima estudada, 50 pL. mL"' do 6leo, os
maiores controles se deram pelos 6leos S. terebinthifolius
(55%) e S. aromaticum (49%).
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