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RESUMO

Avaliou-se o efeito fungitéxico in vitro de Oleos essenciais de copaiba (Copaifera sp.) E
eucalipto (Eucalyptus sp.) sobre o crescimento micelial de Alternaria alternata e
Colletotrichum musae. O trabalho foi realizado no Centro de Ciéncia e Tecnologia
Agroalimentar da Universidade Federal de Campina Grande, Pombal, Brasil, no peiodo de
julho a agosto de 2018. Os experimentos foram conduzidos em delineamentos inteiramente
casualizados com sete tratamentos e cinco repeti¢des. Os 6leos essenciais foram incorporados
ao meio de cultura PDA (Potato-Dextrose-Agar) e vertidos em placas de Petri. Os tratamentos
consistiram de quatro concentracdes de 6leo (0,4, 0,6, 0,8 e 1,0%), um controle negativo
(0,0%) e dois controles positivos (os fungicidas Thiram e Mancozebe). Os fungos foram
inoculados em placas e incubados por sete dias a 27 £ 2 ° C. O diametro das coldnias foi
medido a cada dia e utilizado para calcular a porcentagem de inibi¢ao do crescimento micelial
(PIC) e indice de velocidade de crescimento micelial (IVCM). Os 6leos de copaiba e eucalipto
reduziram o crescimento micelial de A. alternata e C. musae em todas as concentracdes. O
Oleo de copaiba apresentou inibicdo moderada, com percentuais médios variando de 26,6 a
33,68% para A. alternata e de 39,5 a 49,6% para C. musae. O 6leo de eucalipto apresentou
alta inibicdo, com médias variando de 30,0 a 79,7% para A. alternata e 35,6 para 66,3% para
C. musae. As concentragdes 0,8 e 1,0% apresentaram os maiores valores de inibicio em
ambos os Oleos, porém essas inibi¢des foram menores que as causadas pelos fungicidas. O
6leo de eucalipto na concentragdo 1,31% poderia inibir totalmente A. alternata, mas em todos
0s outros casos, os 6leos seriam incapazes de causar inibicdo total. Oleos de copaiba e
eucalipto inibem o crescimento micelial de A. alternata e C. musae em condigdes in vitro. As
concentracdes de 0,8 e 1,0% proporcionaram o maior efeito inibitorio.

Palavras-chave: Antifungico; Copaifera sp.; Eucalyptus sp.; fungitoxidade; crescimento
micelial.



ABSTRACT

This study evaluates the in vitro fungitoxic effect of copaiba (Copaifera sp.) and eucalyptus
(Eucalyptus sp.) essential oils on the mycelial growth of Alternaria alternata and
Colletotrichum musae. The work was carried out at the Center for Agrifood Science and
Technology of the Federal University of Campina Grande, Pombal, Brazil, from July to
August 2018. The experiments comprised completely randomized designs with seven
treatments and five replicates. Essential oils were incorporated into PDA culture medium
(Potato-Dextrose-Agar) and poured into Petri dishes. The treatments consisted of four oil
concentrations (0.4, 0.6, 0.8, and 1.0%), a negative control (0.0%) and two positive controls
(the fungicides Thiram and Mancozeb). The fungi were inoculated on plates and incubated for
seven days at 27+£2°C. The diameter of the colonies was measured every day and use to
calculate the percentage of mycelial growth inhibition (PGI) and index of mycelial growth
speed (IMGS). Copaiba and eucalyptus oils reduced the mycelial growth of A. alternata and
C. musae in all concentrations. The copaiba oil showed a moderate inhibition, with mean
percentages ranging from 26.6 to 33.68% for A. alternata and 39.5 to 49.6% for C. musae.
The eucalyptus oil showed high inhibition, with means ranging from 30.0 to 79.7% for A.
alternata and 35.6 to 66.3% for C. musae. The concentrations 0.8 and 1.0% had the highest
inhibition values in both oils, but these inhibitions were lower than the ones caused by the
fungicides. The eucalyptus oil at 1.31% could totally inhibit A. alternata, but in all other
cases, the oils were unable to cause total inhibition. Copaiba and eucalyptus oils inhibit the
mycelial growth of A. alternata and C. musae under in vitro conditions. Concentrations of 0.8
and 1.0% provided the highest inhibitory effect.

Keywords: Antifungal; Copaifera sp.; Eucalyptus sp.; fungitoxicity; mycelial growth.
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1 INTRODUCAO

A produgdo de frutos tem grande importincia econdmica no Brasil, especialmente nas
regides Nordeste, Sul e Sudeste, uma vez que as condi¢des climdticas favorecem o
desenvolvimento de frutas (ADAMI et al., 2016). A fruticultura contribui para a economia
nacional, tanto no mercado interno quanto nas exporta¢des, com uma producdo anual de 44
toneladas de frutas, receita bruta de R$ 33 bilhdes e manutengdo de R$ 5 milhdes de
empregos (BRASIL, 2018).

O Brasil € um dos maiores produtores e exportadores mundiais de alimentos, sendo o
terceiro pais no ranking de producdo de frutas frescas (BUENO; BACCARIN, 2012). No
entanto, os problemas fitossanitdrios enfraquecem o mercado internacional de frutas no Brasil,
principalmente devido as doencas pds-colheita que reduzem a qualidade final dos frutos
destinados a exportacdo, o que diminui a producdo e acarreta perdas significativas
(NASCIMENTO et al., 2014).

Processos infecciosos pos-colheita sdo latentes. Os fitopatdgenos se estabelecem na
fase pré-colheita quando os frutos ainda estdo saudaveis. Porém, os sintomas das doengas
surgem apenas durante a pés-colheita, quando o amadurecimento favorece o desenvolvimento
dos patdgenos. Este processo ocorre principalmente durante a preparacdo dos frutos para
comercializacdo (CAMARGO et al., 2011).

Os fungos Alternaria alternata e Colletotrichum musae estdo entre 0s principais
fitopatdgenos causadores de doencas pds-colheita. A. alternata causa podridao pds-colheita
em mamao (Carica papaya L.) (BARBOZA, 2015) e meldao (Cucumis melo L.)
(NASCIMENTO et al., 2014) e manchas superficiais em tangerina (Citrus reticulata)
(AZEVEDO et al., 2010) e manga (Mangifera indica L.) (DROBY; PRUSKY, 1987). C.
musae é um fitopatégeno amplamente distribuido, que causa antracnose e doenca da podridao
da coroa [GRIFFE, 1973; WILSON et al., 1999; BASTOS; ALBUQUERQUE, 2004;
BONNET et al., 2013), sendo estas as principais doengas pds colheita da banana (Musa spp.),
em todas as regides produtoras do mundo.

Os agricultores brasileiros, geralmente, controlam as doencas causadas por fungos
usando produtos quimicos altamente toxicos que contaminam o meio ambiente e prejudicam a
satide humana (FARIA et al., 2007; RIGOTO et al., 2013; ADAMI et al., 2016). O uso de

agrotoxicos limita a exportacdo de frutas devido as regras rigidas para o registro em mercados
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exigentes, como os paises europeus, € os residuos deixados na alimentacio (MARINHO,
2010; SILVA et al., 2014).

A busca por produtos naturais tem aumentado em todo o mundo, principalmente
devido a problemas causados por diversos produtos sintéticos ao meio ambiente e a saide
humana (BANDONI; CZEPACK, 2008). Novas tecnologias e pesquisas beneficiaram
controles complementares ou alternativos para doencas de plantas. Nesse sentido, os 6leos
essenciais apresentam diversas propriedades desejdveis quando comparados a outros
agroquimicos, como a ag¢do larvicida e fungicida (CARMO et al., 2008; SILVA et al., 2008),
baixos riscos ao meio ambiente e a saide humana e baixo custo na produ¢do (NASCIMENTO
etal.,2013).

Os oleos essenciais de eucalipto (Eucalyptus spp.) e copaiba (Copaifera spp.)
mostraram atividade antimicrobiana em varios estudos. Por exemplo, 6leos essenciais de
eucalipto apresentaram capacidade fungitéxica contra Fusarium oxysporum, Botrytis cinerea
e Bipolaris sorokiniana (SALGADO et al., 2003), enquanto o 6leo de copaiba reduziu o
crescimento de Colletotrichum gloeosporioides (SOUSA et al., 2012), Aspergillus spp.
(DEUS et al., 2011) e Scytalidium lignicola (SOBRAL et al., 2006).

A concentragdo de 6leo interfere nas atividades fungicidas e fungistaticas. O mesmo
O6leo pode apresentar um amplo espectro de acdo contra diferentes espécies de
microorganismos, variando nas suas concentracdes inibitérias minimas em cada espécie
(ANTUNES; CAVACOB, 2010). Por exemplo, o d6leo de eucalipto (Eucalyptus globulus)
apresentou diferentes concentracdes inibitorias minimas de acordo com os fungos combatidos
(TYAGI; MALIK, 2010).

Neste sentido, este trabalho teve como objetivo avaliar in vitro o efeito fungitéxico dos
Oleos essenciais de eucalipto e copaiba, sobre o crescimento micelial de Alternaria alternata e

Colletotrichum musae.



11

2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar in vitro o efeito fungitéxico dos 6leos essenciais de eucalipto e copaiba sobre

o crescimento micelial de Alternaria alternata e Colletotrichum musae;

2.2 OBJETIVOS ESPECIFICOS

e Verificar o efeito das diferentes concentragdes dos 6leos no controle do crescimento
micelial de Alternaria alternata € Colletotrichum musae;

e Comparar o efeito dos 6leos essenciais com fungicidas comerciais.
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3 MATERIAL E METODOS

3.1 CONDUCAO DO EXPERIMENTO

O trabalho foi conduzido no Laboratério de Fitopatologia do Centro de Ciéncias e
Tecnologia Agroalimentar (CCTA) da Universidade Federal de Campina Grande (UFCG),
campus de Pombal, no periodo de julho a agosto de 2018.

Para a realizagdo do experimento foram utilizadas as estirpes 3499 de Colletotrichum
musae e 0878 de Alternaria alternata, cedidas pela cole¢cdo de cultura de fungos
fitopatogénicos Prof. Maria Menezes da Universidade Federal Rural de Pernambuco.

Os Oleos essenciais utilizados foram o de Eucalipto (Eucalyptus sp.) e Copaiba

(Copalifera sp.), obtidos comercialmente em loja de produtos naturais.

3.2 TRATAMENTOS E DELINEAMENTO EXPERIMENTAL

O experimento foi conduzido no delineamento experimental inteiramente casualizado
(DIC) com 7 tratamentos (4 dosagens do Oleo, 1 testemunha negativa e 2 testemunhas
negativas) em cinco repeticdes cada. Os tratamentos consistiram do meio de cultura
autoclavado suplementado com os 6leos nas seguintes concentracdes: 0,0; 0,4; 0,6; 0,8 e
1,0%; a testemunha negativa consistiu no meio de cultura sem a suplementacdo dos 6leos
essenciais; as testemunhas positivas consistiram na suplementacdo com dois fungicidas tiram
e mancozebe, nas doses recomendadas pelos fabricantes: (250 pL L‘l) e (0,2 g L‘l),
respectivamente. As concentragdes do 6leo foram estabelecidas com base no estudo realizado

por Ugulino et al. (2018).

3.3 INSTALACAO E CONDUCAO DO EXPERIMENTO

Os o6leos essenciais de eucalipto e copaiba foram incorporados ao meio de cultura
BDA (Batata Dextrose Agar) autoclavado e fundente. Apés o resfriamento, o meio foi vertido
em placas de Petri de 7,5 cm de diametro em condig¢des assépticas. Discos de meio de cultura
com 1 cm de diametro contendo micélios dos fungos foram transferidos para o centro de cada
placa contendo os tratamentos. Em seguida, as placas foram envolvidas em pléstico filme e

incubadas em estufa do tipo B.O.D (Biochemical Oxygen Demand) a temperatura de 27+2 °C.
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O crescimento das colonias foi mensurado diariamente até que a colonia tomasse toda
a superficie do meio de cultura de uma das placas ou no periodo maximo de 7 dias. A
avaliacdo do crescimento micelial consistiu em medicoes didrias do didmetro das coldnias
obtido através da média de duas medidas perpendiculares, com o auxilio de régua graduada,
obtendo-se a média do crescimento didrio para cada repeticdo de cada tratamento. Com o
resultado das medidas, foram calculados a porcentagem de inibi¢cao micelial (PIC; BASTOS,
1997) e o indice de velocidade de crescimento micelial IVCM; OLIVEIRA, 1991), de acordo

com as féormulas (1) e (2):

(Crescimento da testemunha—Crescimento do tratamento)x100

PIC =

)

Crescimento da testemuna

Diametro médio atual—Diametro médio anterior

IVCM = 3,

2)

Numero de dias ap6s a inoculagio

3.4 ANALISE ESTATISTICA

Foram realizadas regressoes lineares e quadrdticas para verificar o efeito da
concentracdo dos 6leos sobre o crescimento dos fungos. Como em alguns casos o valor de R?
foi muito préximo entre o modelo linear e o quadratico, utilizamos o Critério de Informacao
de Akaike (AIC) para decidir qual modelo representa melhor a relacdo dleo versus fungo.
Simplificadamente, quanto menor o valor AIC melhor o modelo. Apenas o melhor modelo foi
representado em gréfico. A significancia de cada termo das equacdes foi avaliada utilizando-
se o teste T.

Testes de hipotese para verificar a significancia da diferenca entre o tratamento com
maior concentragdo dos 6leos (1%) e os tratamentos com fungicidas (Tiram e Mancozebe).
Utilizamos os testes ndo-paramétricos Kruskal-Wallis seguido da comparacdo multipla de
Wilcoxon por que os dados ndo satisfizeram o pressuposto de distribui¢do de probabilidades
normal da ANOVA e do teste de Tukey. Todas as andlises foram realizadas no programa R
Core Team 3.5.1. Foram consideradas significativas as diferencas com valor de probabilidade

abaixo de 5%.
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4 RESULTADOS E DISCUSSAO

Todas as concentracdes de 6leos de copaiba e eucalipto reduziram o crescimento
micelial de Alternaria alternata e Colletotrichum musae (Figura 1). As maiores concentragdes
(0,8 e 1,0%) proporcionaram as melhores inibicdes de crescimento. Nessas concentragdes,
respectivamente, o 6leo de copaiba inibiu 31,4 e 33,7% de A. alternata e 46,9 e 49,6% de C.
musae, enquanto o 6leo de eucalipto inibiu 52,6 e 79,6% de A. alternata e 66,3 € 41,2% de C.

musae.

Alternaria alternata Colletotrichum musae
3 - 60 y =-38.843x%" 4+ 70.531x™"" +0.8289™ 80 y=-72.536x""" +119.67x" +0.7224"
R R2=0.8096 R2=0.892
L 60
3 é 40
R
- 40
a —
g2 2
i &
S 5
a
0 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Concentracéo do oleo de Copaiba (%) Concentracio do oleo de Copaiba (%)
Alternaria alternata Colletotrichum musae
100 e 100 % e
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S 80 80
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5% 20 - 20
N 0
0.0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1
Concentracéo do oleo de Eucalipto (%) Concentracio do oleo de Eucalipto (%)

Figura 1. A. Efeito de diferentes concentracdes do 6leo essencial de copaiba sobre a
porcentagem de inibi¢do do crescimento micelial de Alternaria alternata e Colletotrichum
musae. B. Efeito de diferentes concentracdes do o6leo essencial de eucalipto sobre a
porcentagem de inibi¢do do crescimento micelial de Alternaria alternata e Colletotrichum

musae. A linha vermelha mostra a dire¢ao do efeito estimado pela andlise de regressao.

*iP < 0.05; ** P < 0.01; *** P < (0.001; ns: Nao significativo.

Oleo de copaiba: Alternaria alternata (F = 46.78, p = 1.191e-08); Colletotrichum musae (F = 90.82, p = 2.339e-
11).

Oleo de eucalipto: Alternaria alternata (F = 76.29, p = 9.205e-09); Colletotrichum musae (F = 18.22, p =
2.155e-05).
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Comparando as mesmas concentragdes, as inibi¢cdes causadas por ambos os 6leos
contra A. alternata e C. musae diferiram das inibicdes causadas em outros fungos. Por
exemplo, os 6leos de copaiba e eucalipto teve baixo efeito fungitéxico no crescimento de
Macrophomina phaseolina. Ugulino et al. (2018) relataram as inibicdes médximas de 33 e
21%, respectivamente. Por outro lado, estes 6leos exercem moderada a alta inibicdo no
crescimento de Colletotrichum gloeosporioides. Sousa et al. (2012), também utilizando os
6leos de copaiba e eucalipto, encontraram reducdes de 50 e 100% no crescimento de C.
gloeosporioides.

Os Oleos de copaiba e eucalipto exibiram um efeito dependente da dose quando
testados no controle de A. alternata e C. musae, ou seja, a inibicdo aumentou com a dosagem
utilizada. Ugulino et al. (2018), ao testar o efeito do 6leo de copaiba no controle de M.
phaseolina, obtiveram o resultado oposto ao nosso, a maior inibicao ocorreu na menor dose
testada (0,4%), com maior crescimento micelial nas maiores concentracdes de dleo.

Assim, o aumento do poder inibitério em func¢do da concentracdo de 6leo depende das
espécies de microrganismos estudadas. Em alguns organismos, o aumento da concentracio
potencializa o efeito inibitorio, em outros, o efeito pode ser reduzido, o que gera o desperdicio
do produto.

De acordo com os resultados da regressdo, a inibicdo total poderia ser alcancada
apenas quando se utiliza 6leo de eucalipto contra A. alternata em uma concentracdo de
1,31%. Nos demais casos, a modelagem sugere que os 6leos s@o incapazes de inibir 100% do
crescimento micelial. Portanto, sugerimos que os valores maximos de inibi¢do foram obtidos
entre as concentracoes testadas no presente estudo. A utilizacdo de concentracdes superiores a
1,0% no controle de A. alternata e C. musae seria economicamente inviavel.

Em contraste com nossos resultados, testes feitos com 6leo de diferentes espécies de
eucalipto (SALGADO et al., 2003) ou diferentes partes da mesma planta (DAWAR et al.,
2007) mostraram aumento da inibicdo com o aumento das concentragdes. Portanto, varios
fatores podem afetar a composi¢ao quimica do 6leo, que por sua vez influencia sua atividade
bioldgica. Alguns exemplos sdo os fatores genéticos da planta (MORAIS et al., 2009), fatores
ecoldgicos em torno da planta e condi¢des edafoclimaticas (clima, temperatura e tipo de solo)
(ANDRADE et al., 2012).

As técnicas de cultivo aplicadas ao material vegetal utilizado para obter o dleo
também afetam sua composi¢do quimica, como o periodo de colheita, o preparo do material

antes da extracdo e a parte da planta utilizada na producao de 6leo (MAIA et al., 2015).
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No presente estudo, o 6leo de copaiba causou inibicio moderada no crescimento
micelial de ambos os fungos, pois ndo atingiu 50% de inibi¢do. O 6leo de eucalipto causou
alta inibicao, pois reduziu 79,6% do crescimento de A. alternata e 66,3% de C. musae. Franca
et al. (FRANCA et al., 2018), ao avaliarem o efeito do 6leo de hortela-pimenta sobre o
crescimento de A. alternata, também obtiveram moderada inibi¢do, uma vez que as maiores
concentracoes, 0,8 e 1,0%, inibiram apenas 41,6 e 37,1%, respectivamente.

Outros Oleos vegetais apresentaram resultados superiores, por exemplo, o o6leo
essencial de tangerina (Citrus reticulata) inibiu 84% do crescimento de A. alternata na
concentracdo de 0,1 mL 100 mL-1, enquanto que a 0,2 mL 100 mL-1 o 6leo causou inibi¢dao
total (CHUTIA et al., 2009). O 6leo essencial de Lippia gracilis promoveu inibicao completa
de Alternaria sp. crescimento na concentragdo de 750 pL L! (BARBOZA, 2015). O 6leo
essencial de capim-limao (Cymbopogon citratus) apresentou concentragdo inibitoria minima
de 14,49 pg mL™ no crescimento de A. alternata (GUIMARAES et al., 2011).

Durante os testes in vitro para controle de Colletotrichum musae, o 6leo de pimenta de
macaco (Piper aduncum) inibiu 100% do crescimento micelial e germinacdo de esporos nas
concentragdes de 100 pg mL™" ¢ 150 ng mL™", enquanto no controle in vivo da podridao em
frutos de banana prata, a melhor inibicdo foi obtida com o 6leo na concentracdo de 1,0%
(BASTOS; ALBUQUERQUE, 2004).

O efeito antifiingico dos 6leos testados foi geralmente menor do que o obtido pelos
fungicidas comerciais (Tiram e Mancozebe) (Figura 2).

No controle de A. alternata, a inibi¢do causada pelo 6leo de copaiba teve efeito mais
fraco em relacdo aos fungicidas, enquanto o Oleo essencial de eucalipto na maior
concentracdo teve o mesmo efeito do fungicida mancozebe e menor efeito que o fungicida
thiram. No controle de C. musae, a inibi¢ao fungica promovida por ambos os 6leos na maior
concentracdo foi inferior aos dois fungicidas.

Os melhores resultados quanto a inibi¢do do crescimento foram obtidos nas maiores
concentracoes (0,8 e 1,0%). Nestas, o 6leo de copaiba inibiu em média 31,4 e 33,7% de A.
alternata e 46,9 e 49,6% de C. musae. Enquanto o 6leo de eucalipto inibiu, em média, 52,6 e

79,6% de A. alternata; e 66,3 € 41,2% de C. musae.
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Figura 2. A. Porcentagem de inibicdo do crescimento micelial de Alfernaria alternata e
Colletotrichum musae na maior concentracdo testada do 6leo essencial de copaiba e nos
tratamentos testemunha. B. Porcentagem de inibicdo do crescimento micelial de Alternaria

alternata e Colletotrichum musae na maior concentracdo testada do 6leo eucalipto e nos
tratamentos testemunha.

A velocidade de crescimento micelial de A. alternata e C. musae diferiu
significativamente entre as concentracoes de dleos (Figura 3).

Os tratamentos com concentragdes de 0,8 e 1,0% reduziram a taxa de crescimento de
A. alternata para 0,44 e 0,43 cm dia! utilizando 6leo de copaiba e 0,3 e 0,1 cm dia™
utilizando 6leo de eucalipto, ambos diferindo do controle negativo, que apresentou a maior
taxa de crescimento (0,64 cm dia'l). Os tratamentos nas mesmas concentracoes acima
reduziram a taxa de crescimento de C. musae para 0,62 e 0,59 cm dia! utilizando 6leo de

copaiba e 0,41 e 0,69 cm dia! utilizando 6leo de eucalipto, ambos diferindo do controle

negativo (1,18 cm dia'l).
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Alternaria alternata Colletotrichum musae
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Figura 3. A. Efeito de diferentes concentragdes do 6leo essencial de copaiba sobre velocidade
de crescimento micelial de Alternaria alternata e Colletotrichum musae. B. Efeito de
diferentes concentracdes do 6leo essencial de eucalipto sobre a porcentagem de inibi¢do do
crescimento micelial de Alternaria alternata e Colletotrichum musae. A linha vermelha

mostra a dire¢do do efeito estimado pela andlise de regressao.
*:p <0,05; **: p <0,01; ¥**: p <0,001.

Oleo de copaiba: Alternaria alternata (F = 62.66, p = 8.242e-10); Colletotrichum musae (F = 87.32, p = 3.439e-
11).

Oleo de eucalipto: Alternaria alternata (F = 79.89, p = 6.081e-09); Colletotrichum musae (F = 16.73, p =
3.828e-05).

Os resultados obtidos no presente estudo sugerem a existéncia de compostos
biologicamente ativos nos o6leos essenciais de copaiba e eucalipto, que garantem uma
atividade antifungica contra Alternaria alternata e Colletotrichum musae em condicdes in
vitro. A baixa toxicidade e a rdpida degradacao no ambiente conferem vantagens aos 6leos
essenciais sobre os agroquimicos convencionalmente utilizados no controle de fitopatégenos
(COIMBRA et al., 2006). Além disso, o baixo custo de producdo e a redugdo dos riscos a

saude dos produtores e consumidores finais aumentam os beneficios desses produtos.
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Nesta perspectiva, os resultados deste trabalho fornecem informacdes para a
elaboracdo de produtos naturais para culturas agroecoldgicas, visando reduzir o uso de
fungicidas convencionais. Sugerimos o estudo do controle in vivo de A. alternata e C. musae
para avaliar a atividade dos dleos em diferentes espécies de plantas e estabelecer as

concentracdes inibitorias seguras desses produtos.
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5 CONCLUSAO

Os 6leos essenciais de copaiba (Copaifera sp.) e eucalipto (Eucalyptus sp.) inibem o
crescimento de Alternaria alternata e Colletotrichum musae em condigdes in vitro, sendo as

concentracdes 0,8 e 1,0% as que promoveram o maior efeito inibitdrio.
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ABSTRACT

Aims: This study evaluates the in vitro fungitoxic effect of copaiba (Copaifera sp.) and eucalyptus
(Eucalyptus sp.) essential oils on the mycelial growth of Alternaria alternata and Colletotrichum
musae.

Study design: The experiments comprised completely randomized designs with seven treatments
and five replicates.

Place and Duration of Study: The work was carried out at the Center for Agrifood Science and
Technology of the Federal University of Campina Grande, Pombal, Brazil, from July to August 2018.
Methodology: Essential oils were incorporated into PDA culture medium (Potato-Dextrose-Agar) and
poured into Petri dishes. The treatments consisted of four oil concentrations (0.4, 0.6, 0.8, and 1.0%),
a negative control (0.0%) and two positive controls (the fungicides Thiram and Mancozeb). The fungi
were inoculated on plates and incubated for seven days at 27+2°C. The diameter of the colonies was
measured every day and use to calculate the percentage of mycelial growth inhibition (PGI) and index
of mycelial growth speed (IMGS).

Results: Copaiba and eucalyptus oils reduced the mycelial growth of A. alternata and C. musae in all
concentrations. The copaiba oil showed a moderate inhibition, with mean percentages ranging from
26.6 to 33.68% for A. alternata and 39.5 to 49.6% for C. musae. The eucalyptus oil showed high
inhibition, with means ranging from 30.0 to 79.7% for A. alternata and 35.6 to 66.3% for C. musae.
The concentrations 0.8 and 1.0% had the highest inhibition values in both oils, but these inhibitions
were lower than the ones caused by the fungicides. The eucalyptus oil at 1.31% could totally inhibit A.
alternata, but in all other cases, the oils were unable to cause total inhibition.

Conclusion: Copaiba and eucalyptus oils inhibit the mycelial growth of A. alternata and C. musae
under in vitro conditions. Concentrations of 0.8 and 1.0% provided the highest inhibitory effect.

Keywords: Antifungal; Copaifera sp.; Eucalyptus sp.; fungitoxicity; mycelial growth.
1. INTRODUCTION

Fruit production has great economic importance in Brazil, especially for the northeastern, southern,
and southeastern regions, given that climatic conditions benefit the development of fruits [1].
Fruticulture contributes to the national economy both in the domestic market and exports with an
annual production of 44 tons of fruit, a gross income of R$ 33 billion, and the maintenance of 5 million
jobs [2].

Brazil is among the largest producers and exporters of food worldwide, being the third country in the
ranking of fresh fruits production [3]. However, phytosanitary problems weaken the Brazilian
international market of fruits, primarily due to the post-harvest diseases that reduce the final quality of
fruits intended to export, which decreases production and entails significant losses [4].




Post-harvest infectious processes are latent. The phytopathogens establish in the pre-harvest stage
when the fruits are still healthy. However, the symptoms of diseases appear only during the post-
harvest, when the ripening favors the development of the pathogens. This process occurs mainly
during the preparation of fruits for commercialization [5].

The fungi Alternaria alternata and Colletotrichum musae are among the main phytopathogens of post-
harvest diseases. A. alternata causes post-harvest rot in papaya (Carica papaya L.) [6] and melon
(Cucumis melo L.) [4], and superficial spots on mandarin (Citrus reticulata) [7] and mango (Mangifera
indica L.) [8]. C. musae is a widely distributed phytopathogen that causes anthracnose and crown rot
disease [9,10,11,12], major post-harvest banana diseases (Musa spp.) in all producing regions of the
world.

Brazilian farmers usually control the diseases caused by fungi using highly toxic chemicals that
contaminate the environment and impair human health [1,13,14]. The use of pesticides limits the
export of fruit due to the hard rules for the registration in demanding markets, such as European
countries, and the residues left in food [15,16].

The search for natural products has increased worldwide, mainly due to problems caused by several
synthetic products to the environment and human health [17]. New technologies and research have
benefited complementary or alternative controls to plant diseases. In this sense, essential oils have
several desirable properties when compared to other agrochemicals, such as larvicidal and fungicidal
action [18,19], low risks to the environment and human health, and low cost [20].

The essential oils of eucalyptus (Eucalyptus spp.) and copaiba (Copaifera spp.) have shown
antimicrobial activity in several studies. For example, eucalyptus essential oils showed fungitoxic
capacity against Fusarium oxysporum, Botrytis cinerea, and Bipolaris sorokiniana [21], while the
copaiba oil reduces the growth of Colletotrichum gloeosporioides [22], Aspergillus spp. [23] and
Scytalidium lignicola [24].

The oil concentration interferes in its fungicidal and fungistatic activities. The same oil having a broad
spectrum of action against different species of microorganisms may vary its minimum inhibitory
concentrations for each species [25]. For example, eucalyptus oil (Eucalyptus globulus) has different
minimum inhibitory concentrations according to the combated fungus [26].

In this sense, this study aimed to evaluate in vitro the fungitoxic effect of the essential oils of
eucalyptus and copaiba on the mycelial growth of Alternaria alternata and Colletotrichum musae.

2. MATERIAL AND METHODS
2.1 Conduction of the experiments

The study was carried out in the Laboratory of Phytopathology, Federal University of Campina
Grande, Campus of Pombal-PB, between July and August of 2018. We developed four experiments,
each one consisting of one type of essential oil against one species of fungus. The trials comprised
completely randomized designs with seven treatments and five replicates each.

We used the 0878 strain of Alternaria alternata and 3499 of Colletotrichum musae provided by the
collection of phytopathogenic fungi Prof. Maria Menezes of the Federal Rural University of
Pernambuco. The pure essential oils of copaiba and eucalyptus were purchased at a local store
specialized in natural products.

The oils were added to autoclaved PDA culture medium (Potato Dextrose Agar), on the following
concentrations (treatments): 0.0%; 0.4%; 0.6%; 0.8%, and 1.0%. The 0.0% treatment comprised a
negative control. The positive controls consisted of supplementing the culture medium with two
commercial fungicides, thiram and mancozeb, at the doses recommended by the manufacturers, 250
uL L' and 0.2 g L™, respectively. The concentrations of the oils were chosen based on a study by
Ugulino et al. [27].



After cooling, the medium was poured into Petri plates of 9 cm in diameter under aseptic conditions.
Discs of culture medium with 1 cm in diameter containing the fungus mycelium were transferred to the
center of each plate containing the treatments. Then, the plates were wrapped in plastic film and
incubated for 7 days in a B.O.D incubator (Biochemical Oxygen Demand) at a temperature of 27+2°C.

The mycelial growth was assessed through daily measurements of colony diameters with a graduated
ruler. For each colony, a daily data comprised the average of two perpendicular measurements. With
the result of the measures, we calculated the percentage of mycelial growth inhibition (PGl; [28]) and
the index of mycelial growth speed (IMGS; [29]), according to the formulas (1) and (2):

PGI = [(negative control growth —treatment growth)]x100 (1 )
- negative control growth
current mycelial growth—previous mycelial growth
IMGS = ¥, (2)

number of days of incubation

2.2 Statistical analysis of data

The effect of oils concentrations on fungi growth was investigated through linear and quadratic
regressions. Since in some cases the R? value was very close between the two models, we used the
Akaike Information Criterion (AIC) to decide which model best represented the relationship between
the oil concentrations and fungus growth. Simply put, the lower the AIC value, the better the model.
Only the best models were plotted in graphs. The significance of each term of the equations was
assessed using the test T.

Hypothesis tests were performed to verify the significance of differences between the treatment with
the highest concentration of oils (1%) and the treatments with fungicides (Thiram and Mancozeb). We
used Kruskal-Wallis non-parametric tests followed by Wilcoxon's multiple comparisons because the
data did not satisfy the normal probability distribution assumption of parametric tests. All analyzes
were carried out in the R 3.5.1 software [30]. Differences with a probability value below 5% were
considered significant.

3. RESULTS AND DISCUSSION

All concentrations of copaiba and eucalyptus oils reduced the mycelial growth of Alternaria alternata
and Colletotrichum musae (Fig. 1). The highest concentrations (0.8 and 1.0%) provided the best
growth inhibitions. At these concentrations, respectively, copaiba oil inhibited 31.4 and 33.7% of A.
alternata

and 46.9 and 49.6% of C. musae, while eucalyptus oil inhibited 52.6 and 79.6% of A. alternata and
66.3 and 41.2% of C. musae.
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Fig. 1. A. Effect of different concentrations of copaiba essential oil on the percentage
of inhibition of mycelial growth of Alternaria alternata and Colletotrichum musae. B.
Effect of different concentrations of eucalyptus essential oil on the percentage of
inhibition of mycelial growth of Alternaria alternata and Colletotrichum musae. The red
line shows the direction of the effect estimated by the regression analysis.

*P <0.05; " P <0.01; ™ P <0.001; ns: No significant.

Copaiba oil: Alternaria alternata (F = 46.78, p = 1.191e-08); Colletotrichum musae (F = 90.82, p = 2.339e-11).
Eucalyptus oil: Alternaria alternata (F = 76.29, p = 9.205e-09); Colletotrichum musae (F = 18.22, p = 2.155e-05).

Comparing the same concentrations, the inhibitions caused by both oils against A. alternata and C.
musae differed from the inhibitions caused on other fungi. For example, copaiba and eucalyptus oils
have a low fungitoxic effect on the growth of Macrophomina phaseolina. Ugulino et al. [27] reported
the maximum inhibitions of 33 and 21%, respectively. On the other hand, these oils exert moderate to
high inhibition on the growth of Colletotrichum gloeosporioides. Sousa et al. [22], also using the
copaiba and eucalyptus oils, found reductions of 50 and 100% on the growth of C. gloeosporioides.

Copaiba and eucalyptus oils exhibited a dose-dependent effect when tested in the control of A.
alternata and C. musae, i.e., inhibition increased with the dosage used. Ugulino et al. [27], when
testing the effect of copaiba oil on the control of M. phaseolina, obtained the opposite result to ours,
the highest inhibition occurred in the lowest dose tested (0.4%), with higher mycelial growth at higher
oil concentrations. Thus, the increase of inhibitory power as a function of oil concentration depends on
the species of microorganism studied. In some organisms, increased concentration potentiates the
inhibitory effect, in others; the effect be reduced, which generates waste of the product.



According to the regression results, the total inhibition reached only when using eucalyptus oil against
A. alternata in a concentration of 1.31%. In the other cases, the modeling suggests that the oils are
unable to inhibit 100% of mycelial growth. Therefore, we suggest that the maximum inhibition values
obtained among the concentrations tested in the present study. The use concentrations higher than
1.0% on the control of A. alternata and C. musae would be economically unviable.

In contrast to our results, tests made with oil from different species of eucalyptus [21] or different parts
of the same plant [31] showed increasing inhibition with the rising of concentrations. Therefore,
several factors can affect the chemical composition of the oil, which in turn influences its biological
activity. Some examples are the genetic factors of the plant [32], ecological factors surrounding the
plant and edaphoclimatic conditions (climate, temperature and soil type) [33]. The crop techniques
applied to the vegetal material used to obtain the oil also affect its chemical composition, such as the
period of harvest, the preparation of the material before the extraction, and the part of the plant used
in the production of oil [34].

In the present study, the copaiba oil caused only a moderate inhibition on the mycelial growth of both
fungi because it did not reach 50% inhibition. The eucalyptus oil caused a high inhibition because it
reduced 79.6% of the growth of A. alternata and 66.3% of C. musae. Franga et al. [35], when
evaluating the effect of peppermint oil on the growth of A. alternata, also obtained moderate inhibition,
since the highest concentrations, 0.8 and 1.0%, inhibited only 41.6 and 37.1%, respectively. Other
vegetable oils showed superior results, for example, the essential oil of mandarin (Citrus reticulata)
inhibited 84% of A. alternata growth in the concentration of 0.1 mL 100 mL™', while at 0.2 mL 100 mL™
the oil caused total inhibition [36].

The essential oil of Lippia gracilis promoted complete inhibition of Alternaria sp. growth in the
concentration of 750 pL L™ [6]. The essential oil of lemongrass (Cymbopogon citratus) had a minimum
inhibitory concentration of 14.49 pyg mL" on the growth of A. alternata [37]. During in vitro tests to
control Colletotrichum musae, the spiked pepper oil (Piper aduncum) inhibited 100% of mycelial
growth and spore germination at concentrations of 100 pug mL™" and 150 ug mL™, while in the in vivo
control of banana rot, the best inhibition obtained with the oil in the concentration of 1.0% [11].

The antifungal effect of tested oils was generally lower than the obtained by commercial fungicides
(thiram and mancozeb) (Fig. 2). In the control of A. alternata, the inhibition caused by copaiba oil had
a weaker effect compared to the fungicides, whereas the essential oil of eucalyptus in the highest
concentration had the same effect of the mancozeb fungicide and a lower effect than thiram fungicide.
In the control of C. musae, the fungal inhibition promoted by both oils in the highest concentration was
inferior to the two fungicides.
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Fig. 2. A. Percentage inhibition of mycelial growth of Alternaria alternata and Colletotrichum
musae in the highest tested concentration of copaiba essential oil and the positive control
treatments. B. Percentage inhibition of mycelial growth of Alternaria alternata and
Colletotrichum musae in the highest tested concentration of eucalyptus oil and the positive
control treatments.

The mycelial growth speed of A. alternata and C. musae differed significantly between the
concentrations of oils (Fig. 3). Treatments with concentrations of 0.8 and 1.0% reduced the growth
rate of A. alternata for 0.44 and 0.43 cm dia” using copaiba oil and 0.3 and 0.1 c¢m day™ using
eucalyptus oil, both differing from the negative control, which had the highest growth rate (0.64 cm
day’1). Treatments at same concentrations above reduced the growth rate of C. musae to 0.62 and
0.59 cm day'1 using copaiba oil and 0.41 and 0, 69 cm dia™ using eucalyptus oil, both differing from
the negative control (1.18 cm day™).
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Fig. 3. A. Effect of different concentrations of copaiba essential oil on the index of
mycelial growth speed of Alternaria alternata and Colletotrichum musae. B. Effect of
different concentrations of eucalyptus essential oil on the index of mycelial growth
speed of Alternaria alternata and Colletotrichum musae. The red line shows the
direction of the effect estimated by the regression analysis.

*P < 0.05; ** P < 0.01; *** P < 0.001.

Copaiba oil: Alternaria alternata (F = 62.66, p = 8.242e-10); Colletotrichum musae (F = 87.32, p = 3.439e-11).
Eucalyptus oil: Alternaria alternata (F = 79.89, p = 6.081e-09); Colletotrichum musae (F = 16.73, p = 3.828e-05).

The results obtained in the present study suggest the existence of biologically active compounds in
the essential oils of copaiba and eucalyptus, which guaranteed an antifungal activity against Alternaria
alternata and Colletotrichum musae under in vitro conditions. The low toxicity and the fast degradation
in the environment give advantages to essential oils over the conventional agrochemical in
phytopathogen control [38]. Also, the low cost of production and the reduction of risks to the health of
producers and final consumers enhance the benefits of these products.



In this perspective, the results of this work provide information for the elaboration of natural products
to agroecological crops aiming to reduce in the use of conventional fungicides. We suggest the study
of in vivo control of A. alternata and C. musae to evaluate the activity of the oils on different plant
species and to establish the safe inhibitory concentrations of these products.

4. CONCLUSION

The essential oils of copaiba (Copaifera sp.) and eucalyptus (Eucalyptus sp.) inhibit the growth of
Alternaria alternata and Colletotrichum musae under in vitro conditions. Concentrations of 0.8 and
1.0% promoted the highest inhibitory effect.
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