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RESUMO

A ferrugem asiatica (Phakopsora pachyrhizi) e o oidio (Oidium
eucalypti) estdo entre as principais doengas da cultura da soja e do eucalipto
respectivamente. A ferrugem asidtica necessita de formas de controle
alternativas a fim de minimizar os prejuizos causados apds a sua ocorréncia nas
plantacdes de soja. O oidio ocorre em minijardins clonais cobertos e em casa de
vegetacdo na auséncia predominante de molhamento foliar e ndo ha fungicidas
registrados no Brasil para o seu controle. Assim sendo, este trabalho teve como
objetivos buscar novas alternativas para o controle da ferrugem asiatica da soja e
do oidio do eucalipto. Para o controle da ferrugem asiatica, foi avaliada a
capacidade curativa e erradicante dos o6leos essenciais de Hyptis marrubioides,
Aloysia gratissima e Cordia verbenacea. Para o oidio do eucalipto, foi
determinada a capacidade de controle local e sistémico dos Oleos essenciais e
decoctos dessas mesmas trés espécies de plantas medicinais. Em outro trabalho,
foram testados o extrato vegetal NEFID, diferentes formulagdes de fosfitos e a
combinagdo entre eles no controle do oidio ¢ na producdo e porcentagem de
enraizamento de miniestacas de eucalipto. Os dados obtidos nestes trabalhos
mostraram que os Oleos das trés espécies de plantas inibiram 100% da
germinacdo dos uredionidoporos da Phakopsora pachyrhizi, causaram
modificagdes na sua morfologia e foram eficientes no controle da ferrugem da
soja de forma curativa, mas ndo tiveram efeito erradicante. Os 6leos essenciais e
decoctos das trés espécies de plantas medicinais apresentaram um controle local
e sistémico do oidio e causaram também modifica¢des na sua morfologia. Em
relacdo aos fosfitos e ao extrato NEFID, vericou-se que o extrato e os fosfitos de
cobre, zinco e de potdssio/manganés foram eficientes no controle do oidio. No
entanto, fosfito de potédssio, ndo. Entre as misturas, a que continha 50% do
extrato vegetal NEFID com 50% de fosfito de cobre foi a mais eficaz, por
apresentar toxicidade direta sobre o oidio, alta eficiéncia curativa, acgdo
antiesporulante e por ndo interferir negativamente na producao de brotos e no
enraizamento das miniestacas de eucalipto.

Palavras-chave: Controle alternativo de doenga de planta. Microscopia
eletrénica de varredura. Glycine Max. Phakopsora pachyrhizi. Oidium eucalypti.
Eucalipto. Indugdo de resisténcia.



ABSTRACT

Asian Soaybean Rust (Phakopsora pachyrhizi) and Powdery Mildew
(Oidium eucalypti) are two of the major diseases of the soybean and of the eucalypt
crops. Asian Soaybean Rust (Phakopsora pachyrhizi) is one of the most aggressive
and destructive diseases that affect soybean crops, requiring alternative control
methods in order to minimize crop damage. The powdery mildew (Oidium
eucalypti) pathogen occurs in the greenhouse and covered clonal mini gardens
predominantly in the absence of leaf wetting. In Brazil, there are no fungicides
registered for control of powdery mildew.Thus, the objective of this study was to
seek new alternative control methods for the soaybean rust and for the powdery
mildew. For the control of soybean rust, we assessed the curative and eradicative
abilities of essential oils from Hyptis marrubioides, Aloysia gratissima and Cordia
verbenacea medicinal plants. For the powdery mildew, we evaluated the ability of
local and systemic control through essential oils and decoctions of the same three
species of medicinal plants used for the assessment of soybean rust control. In a
separated study, we tested the plant extract NEFID, different phosphites
formulations and the combination of both in the control of the powdery mildew as
well as the production and rooting percentage of eucalyptus mini-cuttings. The data
obtained in this work showed that the oils from the three plant species inhibited
100% of urediniospores germination of P. pachyrhizi, changed their morphology,
and provided effective control of the soybean rust with curative activity, but they
have had no effect on its eradication. Essential oils and decoctions from the three
species of medicinal plants showed a local and systemic control of the powdery
mildew while also changing their morphology. With regard to the NEFID extract
and the phosphites, we verified that, the extract and the phosphites of copper, of
zine, of potassium and of manganese were effective in controlling powdery mildew,
whereas potassium phosphite was not. Among the mixtures, the most effective was
the one containing 50% of the plant extract NEFID with 50% copper phosphite for
its direct fungi-toxicity against pathogen Oidium eucalypti, high curative activity,
and anti-sporulating action and for not having an adverse effect on the production of
shoots and on roots of the eucalyptus mini-cuttings.

Keywords: Alternative control of plant disease. Scanning electron microscopy.
Glycine max. Phakopsora pachyrhizi. Oidium eucalypti. Eucalyptus. Induction
of resistance.
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PRIMEIRA PARTE

1 INTRODUCAO GERAL

A soja e o eucalipto representam duas culturas de grande importancia
para o agronegbcio brasileiro. Atualmente, para os produtores de soja e
eucalipto, a ferrugem asiatica da soja e o oidio do eucalipto sdo as principais
doengas dessas culturas e estdo entre os principais problemas limitantes de seu
rendimento. Desde as primeiras epidemias severas até a safra de 2007/08, o
custo da ferrugem asiatica no Brasil foi estimado em aproximadamente US$
10,1 bilhdes, incluindo as perdas em producdo, arrecadagdo ¢ o custo com o
controle dessa doenca (CONSORCIO ANTIFERRUGEM, 2011). No caso do
oidio do eucalipto, ndo existem estudos completos para estimar os prejuizos
causados (AUER; GRIGOLETTI JUNIOR; SANTOS, 1999), mas ja se sabe que
ele pode causar perdas significantes quando ndo controlado (BROWN;
FERREIRA, 2000) e embora raramente cause a morte das plantas, o oidio reduz
o potencial produtivo da cultura e pode afetar a qualidade do produto final
(STADNIK; RIVERA, 2001).

O oidio do eucalipto, cujo agente etiologico ¢ Oidium eucalypti ocorre
principalmente em minijardins clonais cobertos e em casas de vegetacdo na
auséncia de molhamento foliar. Para que as mudas de eucalipto possam ser
comercializadas e expressar o seu potencial genético, é necessario que estejam
em perfeitas condi¢des fitossanitarias. Sendo assim, o controle do oidio nesses
dois ambientes onde o fungo ocorre em maior frequéncia torna-se necessario.

Atualmente, h4 uma busca por produtos eficientes no controle de
doengas, apresentem compostos na sua constituicdo que ndo causem danos ao
meio ambiente e a saide dos trabalhadores, além de auxiliarem na producdo de

alimentos de alta qualidade, sem residuos toxicos.



Estudos relacionados a métodos alternativos de controle da ferrugem
asiatica e do oidio do eucalipto ainda sdo escassos. Deste modo, objetivou-se
neste trabalho encontrar novas alternativas de baixa toxicidade ao homem e ao
meio ambiente para serem utilizadas nos controles do oidio do eucalipto e da
ferrugem asiatica da soja de forma sustentavel.

A tese encontra-se dividida em quatro capitulos. No capitulo 1, trata-se
de um referencial teérico que aborda as questdes sobre a cultura da soja e
ferrugem asiatica, a cultura do eucalipto, oidio do eucalipto, fosfitos no controle
de doencas de plantas, 6leos essenciais, extrato vegetal e decocto no controle de
fitopatdgenos e sobre as plantas medicinais de Hyptis marrubioides, Aloysia
gratissima ¢ Cordia verbenacea. No segundo capitulo, trata dos 6leos essenciais
de Hyptis marrubioides, Aloysia gratissima e Cordia verbendcea que inibem o
processo da ferrugem asiatica da soja. O terceiro capitulo aborda o controle local
e sistétmico do oidio em mudas de eucalipto tratadas com o6leos essenciais e
decoctos de plantas medicinais. O quarto e ultimo capitulo diz respeito ao
extrato de folha de cafeeiro e aos fosfitos no controle do oidio em minicepas de

eucalipto.
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2 REFERENCIAL TEORICO

2.1 A cultura da soja e a ferrugem asiatica

A soja, Glycine max (L.) Merrill é originaria da Asia, mais precisamente
da China, sendo considerada uma das plantas cultivadas mais antigas do mundo
(HYMOWITZ, 1970).

A primeira referéncia sobre o cultivo da soja no Brasil foi em 1882 na
Bahia (BONETTI, 1981). Em 1970, devido ao aumento da area plantada e a
avancos cientificos, a cultura da soja se consolidou como a principal cultura do
agronegocio  brasileiro (EMPRESA  BRASILEIRA DE PESQUISA
AGROPECUARIA - EMBRAPA, 2004). Hoje vem ocupando uma posi¢io de
crescente destaque e expansdo no Brasil. E cultivada em praticamente todo
territério nacional (CAMARA, 1998), sendo, atualmente, uma das principais
culturas de exportacao.

Em 2010/11, a previsdo de area plantada com soja no Brasil indica um
crescimento entre 1,1% e 3,1%, o que corresponde a uma area entre 23,74 e
24,20 milhdes de hectares. Em 2009/10, foram cultivados 23,47 milhGes de
hectares, um recorde até entdo. Dessa forma, pode-se estimar uma produgio
entre 67,69 e 69,0 milhdes de toneladas € um crescimento de 0,5%. Para a safra
2010/11, os precos médios em doélar recebidos pelos produtores no estado do
Mato Grosso estdo cerca de 30% acima dos praticados na safra 2009/10
(COMPANHIA NACIONAL DE ABASTECIMENTO - CONAB, 2011).

Entre os fatores que limitam a produc¢do da soja, estdo as doengas. Mais
de 40 doengas causadas por virus, nematdides, fungos e bactérias ja foram
identificadas no Brasil. Esse nimero continua em crescimento com a expansao
da soja para novas areas de cultivo, como consequéncia da monocultura

(YORINORI; PAIVA, 2002).
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A ferrugem asiatica da soja (Phakopsora pachyrhizi) Syd. & P. Syd. é
uma das doengas mais agressivas da cultura (JULIATTI et al., 2003). Plantas
severamente infectadas apresentam desfolha precoce, comprometendo a
formacao, enchimento de vagens e o peso final dos griaos (YANG et al., 1991).
Em areas onde o controle ndo é executado ou o ¢ de forma tardia, os danos no
rendimento tém variado entre 10 e 75% (NAVARINI et al., 2007).

Os sintomas iniciais da ferrugem sao pequenas urédias de coloragdo
castanha a marrom-escura na face inferior da folha que se rompem, liberando os
uredinidsporos. As lesdes tendem para o formato angular e podem atingir 2 a 5
mm de diametro, podendo aparecer em peciolos, vagens e caules (SINCLAIR;
HARTMAN, 1999).

Na América do Sul, a ferrugem asiatica foi descrita pela primeira vez no
Paraguai por Morel (2001). No Brasil, foi relatada pela primeira vez em Minas
Gerais, ocorrendo em diversas leguminosas (DESLANDES, 1979), mas existem
controvérsias em relacdo ao agente causal. A preocupagdo com a ferrugem no
Brasil teve inicio ap6s grandes epidemias, em 2002 e 2003 (LIMA, 2006).

A obtengdo de cultivar de soja resistente a ferrugem asiatica tem sido um
desafio. Entre as cultivares recomendadas, ndo existem ainda materiais com bom
nivel de resisténcia (NAVARINI et al., 2007; YORINORI et al., 2002) em razdo
da  grande  variabilidade do  patéogeno (HARTMAN; WANG;
SHANMUGASUNDARAM, 1994; SINCLAIR; HARTMAN, 1995). No Japio,
dezoito racas foram identificadas em amostras coletadas em plantas de soja e
hospedeiros selvagens (YAMAOKA et al., 2002). A disponibilidade limitada de
cultivares resistentes faz com que o manejo da cultura seja feito em épocas de
semeadura e de aplicagdo de defensivos (GODOY; CANTERI, 2004).

Entre os métodos de controle, o tnico disponivel no momento é o
quimico, por meio de fungicidas (SANTOS et al., 2007). Fungicidas aplicados

de forma preventiva tem se destacado como a estratégia mais eficaz no controle
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desta doenca (AZEVEDO, 2001; HARTMAN; WANG; TCHANZ, 1991).
Como a identificagdo dos sintomas iniciais da ferrugem da soja ¢ dificil (LEVY,
2005), ¢ importante conhecer a eficiéncia de produtos aplicados de forma
curativa, principalmente quando a doenga ocorre no inicio do florescimento,
quando produz elevados niveis de dano e quando afeta o teor de proteina no grao

(OGLE; BYTH; MCLEAN, 1979).

2.2 Cultura do Eucalipto

O cucalipto representa uma cultura de grande importancia nacional pela
producdo de madeira, na industria de papel e celulose, produgdo de carvao
vegetal, serraria, 6leos para industrias farmacéuticas, entre outros. O que faz o
Brasil despontar nesse setor sdo as condigdes favoraveis de clima, solo e a
grande oferta de areas para o plantio, fazendo do pais um dos maiores mercados
mundiais desta espécie (RECH, 2001; SILVA, 2001). O PIB em 2007 da
indastria de base florestal e de madeira processada era de 57,7 bilhdes de
dolares, correspondendo a 4,4% do PIB nacional, com uma arrecadacdo de 9,5
bilhdes de dolares (2,5% do total da arrecadagdo nacional), gerando milhdes de
empregos diretos e indiretos. A area plantada com eucalipto no Brasil em 2009
foi de 4.515.7 ha. Em 2008, a producdo nacional de carvdo vegetal foi de
8.364.000 ton. A produgdo de celulose total foi de 12.850.000 ton, de madeira
em tora total, 115.390.000 m’; madeira serrada total, 24.987.000 m’; papel e
papeldo, 5.947.000 ton (CENTRO DE INTELIGENCIA EM FLORESTAS -
CIFLORESTA, 2011).

O género Eucalyptus pertence a familia Mirtacea, com cerca de 600
espécies e subespécies crescendo satisfatoriamente em diferentes situacdes
edafoclimaticas, extrapolando aquelas das regides de origem. Menos de 1%

dessas 600 espécies tém sido usadas com propdsitos industriais. Assim, o uso do
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eucalipto na industria nacional é baseado em E. grandis e em E. urophylla ¢ seus
hibridos. Mais recentemente, outras espécies como E. globulus, E. dunnii, E.
brassiana e E. benthamii t¢m sido incorporadas aos programas de melhoramento
genético a fim de aumentar a produgdo de celulose, a resisténcia ao frio e a seca,
dependendo da regido.

No Brasil, especialmente na Regido Sudeste, o eucalipto hibrido
Eucalyptus urophylla x Eucalyptus grandis (“urograndis”) vem se destacando no
cenario silvicultural desde a década de 1980. Desenvolvido no Brasil,
atualmente, mais de 600.000 ha sdo cultivados com este hibrido, constituindo a
base da silvicultura clonal brasileira. O objetivo do cruzamento destas duas
espécies foi obter plantas resistentes ao cancro (Chrysoporthe cubensis), com
um bom crescimento, um leve aumento na densidade da madeira, melhorias no
rendimento e propriedades fisicas da celulose, rusticidade, propriedades da
madeira e resisténcia ao déficit hidrico (AGROTECA TANABI, 2008).

As espécies de eucaliptos cultivadas estdo sujeitas a mais de uma dezena
de doencas fungicas (KRUGNER; AUER, 2005). Em casa de vegetagdo ¢ em
jardim clonal, o oidio ¢ uma das principais doencas (SANTOS; AUER;
GRIGOLETTI JUNIOR, 2001), podendo causar perdas significativas quando
ndo controlado prontamente (BROWN; FERREIRA, 2000).

No caso do Brasil, ndo existem fungicidas registrados para o controle do
oidio na cultura do eucalipto (BRASIL, 2011). Diante disso, na maioria das
vezes, o controle da doenca ¢ feito de forma niao recomendada, podendo
acarretar varios problemas ambientais e de futura resisténcia dos patdgenos

frente aos produtos.



14

2.3 Oidio do eucalipto

O oidio do eucalipto é considerado uma das principais doengas em
minijardim clonal e em casa de vegetagdo (FERREIRA, 1989; KRUGNER;
AUER, 2005; SANTOS; AUER; GRIGOLETTI JUNIOR, 2001),
principalmente em funcdo da umidade, juvenilidade, proximidade das mudas e
condicdes favordveis ao desenvolvimento desta doenca (GRIGOLETTI
JUNIOR; AUER; SANTOS, 2001).

Embora raramente o oidio cause a morte das plantas, ele pode reduzir o
potencial produtivo das culturas e pode afetar a qualidade do produto
(STADNIK; RIVERA, 2001). Um sinal tipico do patégeno ¢ o aparecimento de
uma pelicula pulverulenta e esbranquicada sobre a superficie das folhas. As
brotagdes e gemas sdo preferencialmente infectadas e quando ndo morrem,
causam a formacao de limbos adultos enrugados, afilados e geralmente com uma
metade mais estreita do que a outra. A doenca dissemina-se facilmente através
do contato entre plantas doentes e sadias, ou pelo vento (KRUGNER; AUER,
2005).

No Brasil, o primeiro relato da ocorréncia de uma espécie de Oidium
sobre Eucalyptus foi feita por Grillo (1936). Posteriormente, Oidium eucalypti
Rostrup. foi apresentado por Mucci, Pitta ¢ Yokomizo (1980) como o agente
etiologico da doenca. A fase teleomorfica ainda nao foi encontrada em
eucaliptos no Brasil. Por isso, a identificacdo do seu agente etiologico tem sido
dificultada pela auséncia da fase sexual (AUER, 2001; KRUGNER; AUER,
2005).

Silva et al. (2001) concluiram que o Oidium do eucalipto ¢ semelhante
ao Oidium da roseira, descrito como Sphaerotheca pannosa (Vallr. ex. Fr.) Lev.
Essa identificagdo foi baseada nos aspectos morfologicos do anamorfo.

Inoculagdes artificiais indicaram que isolados de oidio originario de eucalipto
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(Oidium eucalypti), roseira (S. pannosa) e de Dhalia sp. (Erysiphe
cichoracearum DC. ex. Mérat) foram patogénicos ao eucalipto. A literatura
ainda apresenta Erysiphe orontii Cast. do fumo, patogénico também ao eucalipto
(CROP..., 2010).

Brown e Ferreira (2000) relataram sete espécies de Oidium em eucalipto
pelo mundo. Entretanto, alguns autores utilizam Oidium spp. e outros Oidium

eucalypti, para designar oidio do eucalipto de uma forma genérica.

2.4 Fosfitos no controle de doencas de plantas

Os fosfitos sdo compostos originados do acido fosforoso (H;PO;)
através da neutralizagdo por uma base que pode ser o hidroxido de sodio,
hidroxido de potassio, hidroxido de amonio entre outros, sendo o hidroxido de
potassio o mais utilizado, formando o fosfito de potassio (REUVENI, 1997).
Outros sais de fosfito, como de manganés, zinco e cobre também estdo
disponiveis comercialmente.

Os fosfitos sdo caracterizados como compostos nao fitotoxicos que
apresentam atividade fungicida na planta (COHEN; COFFEY, 1986). Estes
produtos estdo sendo comercializados como fertilizantes que possuem acdo no
controle de varias doengas (NASCIMENTO et al., 2008). Tais substincias ja
tiveram sua eficiéncia comprovada contra oomicetos, como Pythium spp.,
Phytophthora spp., Peronospora spp. € Plasmopora spp. em diferentes culturas
(DALBO; SCHUCK, 2003; FORSTER et al., 1998; GALVAO et al., 2006;
GRANT; GRANT; HARRIS, 1992; GUEST; GRANT, 1991; GUEST; PEGG;
WHILEY, 1995; JEE; CHO; KIM, 2002; JACKSON et al, 2000;
MCDONALD; GRANT; PLAXTON, 2001; MILLER et al, 2006;
REBOLLAR-ALVITER; MADDEN; ELLIS, 2007; SILVA, A. et al., 2011;
WILKINSON et al., 2001).
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Os fosfitos também tém apresentado bons resultados no controle de
doengas causadas por patdgenos ndo-pertencentes ao grupo dos oomicetos, como
Colletotrichum gloeosporioides (ZAINURI-JOYCE et al., 2001), Fusarium
oxysporum (DAVIS; GRANT, 2001), Venturia inaequalis (HEATON,
DULLAHIDE, 1990), Alternaria alternata (REUVENI; SHEGLOV; COHEN,
2003), Penicillium expansum (AMIRI; BOMPEIX, 2011; BLUM et al., 2007),
Venturia pirina (PERCIVAL; NOVISS; HAYNES, 2009), Monilinia fructicola
(MOREIRA; MAY-DE-MIO, 2009) e Phoma costarricensis (NOJOSA et al.,
2009).

Alguns trabalhos chegaram a demonstrar que os fosfitos foram tdo
eficientes quanto os fungicidas tradicionais no controle de doengas de plantas
(BLUM et al., 2007, BRACKMANN et al., 2005; PERUCH et al., 2007;
WORDELL FILHO; STADNIK, 2006), podendo ser uma alternativa aos
fungicidas convencionais (BLUM et al., 2007; BRACKMANN et al., 2004).

Os fosfitos sdo cada vez mais utilizados nos EUA e Europa no controle
de fitopatogenos (KING et al., 2010). Nos EUA, os fosfitos sao registrados para
o controle de oomicetos. No Brasil, sdo registrados como adubo foliar, mas tém
sido usados para controle de doengas.

Apesar de os fosfitos serem comercializados como adubo foliar, ja foi
comprovado que eles ndo tém qualquer efeito estimulante sobre o crescimento e
a produtividade de plantas sadias (MOOR; MOREIRA, 2009; THAO;
YAMAKAWA, 2009), ndo fornecem nutri¢do as plantas e, portanto, ndo podem
complementar ou substituir o fésforo na adubacdo (MACINTIRE et al., 1950;
MCDONALD; GRANT; PLAXTON, 2001; MOOR; MOREIRA, 2009; THAO;
YAMAKAWA, 2009). A resposta positiva obtida na producdo em diversos
estudos pode estar relacionada a supressdo das doengas nessas plantas e, ou ao
estimulo- resposta de defesa das plantas contra patdégenos (THAO;

YAMAKAWA, 2009). Inimeros sdo os trabalhos indicando que o fosfito pode
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ser bem absorvido pelas folhas e raizes, mas ndo tem utilidade para as plantas
como fonte de fosforo (CARSWELL et al., 1996; FORSTER et al., 1998;
SCHROETTER et al., 2006), pois ndo sdo oxidados ou metabolizados pelas
plantas (CARSWELL et al., 1996; GUEST; GRANT, 1991; VARADARAJAN
et al., 2002).

Os fosfitos sdo considerados os uUnicos fungicidas sistémicos que se
translocam através do floema e xilema, seguindo o fluxo da transpiragdo. Essa
caracteristica é importante, pois eles podem ser aplicados como injecdo em caule
ou em pulverizagao foliar e ser transportados para os tecidos das raizes para o
controle de patogenos de solo (WILKINSON et al., 2001), ou mesmo aplicados
nas raizes, controlando, assim, patogenos de parte aérea (SMILLIE; GRANT;
GUEST, 1989), ou seja, onde quer que seja aplicado, os fosfitos vao agir tanto
em patogenos da parte aérea, como do sistema radicular.

Como os fosfitos ndo sdo metabolizados pelas plantas, eles se acumulam
nos tecidos (MCDONALD; GRANT; PLAXTON, 2001) por um tempo
consideravel, meses ou anos, dependendo da espécie da planta (GUEST;
GRANT, 1991; HARDY; BARRETT; SHEARER, 2001; MALUSA; TOSI,
2005), ficando os patéogenos invasores expostos diretamente ao fosfito
acumulado durante o processo de infeccdo (FENN; COFFEY, 1985; KING et
al., 2010; MCDONALD; GRANT; PLAXTON, 2001; SMILLIE; GRANT;
GUEST, 1989). As concentracdes de fosfito sdo mais elevadas nas regides de
rapido crescimento, como as raizes e brotos (WHILEY et al., 1995). A
concentragdo em tecidos vegetais estd diretamente relacionada a taxa de
aplicacdo (SMILLIE; GRANT; GUEST, 1989). Os ions complexantes como K,
Ca, B, Zn, Mo, Mn, entre outros favorecem a absor¢ao rapida dos fosfitos pelas
raizes, folhas e cortex (NASCIMENTO et al., 2008), exigindo menor energia da
planta.
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Os fosfitos sdo caracterizados por apresentarem acdo fungitoxica direta
sobre patdogenos (DELIOPOULOS et al., 2010; SMILLIE; GRANT; GUEST,
1989; WILKINSON et al., 2001), indutores dos mecanismos de resisténcia no
hospedeiro (BECOT et al., 2000; GUEST; GRANT, 1991; JACKSON et al.,
2000; SMILLIE; GRANT; GUEST, 1989) e por possuirem a¢ao antiesporulante.

Por apresentarem ag¢do direta contra fitopatogenos, os fosfitos causam
alteracdes na sua morfologia. Observagdes citologicas revelaram que os fosfitos
causam lise das paredes celulares e um efeito adverso sobre o crescimento das
hifas (KING et al., 2010). Perez et al. (1995) demonstraram que niveis baixos de
fosfito interferem no metabolismo do patégeno, alterando a estrutura da parede
celular, o que resulta na liberacdo de elicitores, levando a uma inducdo de
mecanismos de defesa das plantas. A lise das hifas resultaria na liberagdo de
moléculas efetoras que podem influenciar o resultado da interagdo entre o
patogeno e o hospedeiro. Perez et al. (1995) demonstraram que o fosfito
aumentava a secrecdo de elicitinas de P. capsici e P. cryptogea que estimulam
os mecanismos de defesa do hospedeiro.

A ativagdo de defesa das plantas causadas pelos fosfitos pode induzir a
reagdo de hipersensibilidade, o acimulo de compostos fendlicos e a formagao de
agregados citoplasmaticos e de fendis ao redor das células infectadas (DANIEL;
GUEST, 2006), além de inducdo da producdo de fitoalexinas (SALA et al.,
2004), fenilalanina-amoénia-liase e compostos, como a lignina e o etileno
(NEMESTOTHY; GUEST, 1990; PANICKER; GANGADHARAN, 1999).

A probabilidade de que altos niveis de resisténcia ao fosfito é reduzida
pelo fato de agirem em varios sitios de acdo nos patégenos (DOBROWOLSKI et
al., 2008; GUEST; GRANT, 1991). Ao contrario, os fungicidas sistémicos
visam ao metabolismo especifico (PEEVER; MILGROOM, 1995) em que a

mutagdo em um ou poucos locos dentro do patdégeno pode induzir a resisténcia,
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como relatado em varios exemplos de resisténcia do oidio a produtos quimicos
em curcubitaceas (MCGRATH, 2001).

Os fosfitos também podem reduzir a esporulacdo dos patdgenos,
possibilitando com isso a redu¢do na intensidade das doengas (PANICKER;
GANGADHARAN, 1999). Experimentos tém demonstrado que os fosfitos
podem reduzir a produgdo de zoosporos (WILKINSON et al., 2001) ¢ a
producdo de esporingios em uma variedade de espécies de Phytophthora
(DOLAN; COFFEY, 1988; GREENHALGH et al., 1994; GUEST; GRANT,
1991; WILKINSON et al., 2001).

Os trabalhos acima demonstraram a importancia dos fosfitos no controle
de doencgas em plantas, com mecanismo de agdo direta sobre o patogeno e
indireta, ativando a resposta de defesa no hospedeiro e interferindo na
reproducdo dos oomicetos. Outro fato ¢ que os fosfitos ndo tém capacidade de

aumentar a produtividade e agir como estimulante de crescimento de plantas.

2.5 Oleos essenciais, extrato vegetal e decocto no controle de fitopatégenos

Sendo um dos paises mais ricos do mundo em espécies vegetais, o
Brasil, deve buscar substincias que atuem sobre os fitopatdgenos em suas
reservas naturais e, assim, minimizar os efeitos negativos de agroquimicos, além
de obter uma produgdo de alimentos de melhor qualidade (BETTIOL, 1991).

Segundo Stadnik e Talamini (2004), os produtos naturais de plantas
podem apresentar trés atividades principais: antimicrobiana, agindo direto sobre
0 patdgeno; indutores de resisténcia, ativando os mecanismo de defesa da planta
através de moléculas bioativas e também como bioestimulantes do crescimento
da planta.

Trabalhos desenvolvidos com extratos brutos e 6leos essenciais obtidos

de plantas medicinais tém indicado o potencial dos mesmos no controle de
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fitopatdgenos pela indugdo de resisténcia, denotando a presenga de composto
com caracteristicas elicitoras e agindo diretamente sobre os patdogenos
(KYUTARO et al.,, 2006; MAZARO et al., 2008; MEINERZ et al., 2008;
MOTOYAMA et al.,, 2003; PEREIRA et al., 2008; SCHWAN-ESTRADA;
STANGARLIN, 2005).

Os oleos essenciais podem conter diversas substancias organicas com
capacidade de inducdo de resisténcia, como hidrocarbonetos, terpenos, alcoois
simples, aldeidos, cetonas, fendis, ésteres, éteres, oxidos, peroxidos, furanos,
acidos organicos, lactonas, cumarinas, até compostos contendo enxofre
(DEWICK, 1997). Possivelmente, o oleo essencial, por ser um produto
concentrado, apresente maior diversidade e concentragdo de substancias com
acao elicitora. Os extratos de plantas podem conter compostos, como glucanas,
pectinas, antracnonas, taninos entre outros (GODARD et al., 2009).

Avancini, Wiest e Mundstock (2000) verificaram a atividade
antimicrobiana do decocto de Baccharis trimera (carqueja) e Tagetes minuta
(cravo-de-defunto). Os autores sugeriram a possibilidade de esses decoctos
serem utilizados como desinfetantes e antissépticos. Os decoctos de alecrim,
gengibre, caléndula e laranja baiana (casca) demonstraram potencial de inibigdo
sobre o fungo Colletotrichum gloeosporioides. Decoctos de macela, camomila e
tagetes também se destacaram (ROZWALKA et al., 2008). Alguns trabalhos ja
realizados demostraram a eficiéncia do extrato vegetal (NEFID) no controle
direto de fitopatégenos e na indug¢do de mecanismos de defesa em plantas,
principalmente na cultura do cafeeiro, no controle de Phoma costarricensis,
Hemileia vastatrix, Cercospora coffeicola e Phoma tarda e também em
Xanthomonas vesicatoria em tomateiro (BARGUIL et al., 2005; MEDEIROS et
al., 2009; SANTOS et al., 2007). Esses trabalhos demonstram a capacidade de
controle de microrganismos patogénicos dos oOleos essenciais, extratos e

decoctos.
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Nos ultimos anos, o controle de fitopatdogenos usando produtos
alternativos tém ganhado énfase devido ao aumento da insensibilidade do
patdégeno aos fungicidas sintéticos, aliada a énfase pelas demandas em reduzir o
uso de pesticidas em funcdo de questdes ambientais e de saude.

Um grande nimero de plantas apresenta propriedades antifungicas em
seus extratos. Essas propriedades sdo dependentes de uma série de fatores
inerentes as plantas, como o 6rgdo utilizado, a idade e o estddio vegetativo.
Fatores do ambiente, como o pH do solo, bem como a estagdo do ano e
diferentes tipos de estresse também devem ser observados. A eficiéncia do
produto também depende da espécie envolvida, do tipo de doenca controlada e
dos processos tecnoldgicos utilizados na obtengdo e na manipulagdo do extrato

(SILVA et al., 2005).

2.6 Plantas medicinais de Aloysia gratissima, Cordia verbenacea e Hyptis

marrubioides

Aloysia gratissima (Gilles ¢ Hook.) Tonc. (Figura A), planta silvestre
conhecida como mimo-do-Brasil, alfazema-do-Brasil, entre outros é nativa do
Meéxico, sendo encontrada ao Noroeste da Argentina e, no Brasil, concentrando-
se na regido Sul. E uma planta ornamental, melifera, apta ao paisagismo devido
a intensidade da floracdo e ao aroma agradavel das flores (RICCIARDI et al.,
2000). Em relacdo as caracteristicas medicinais, apresenta propriedades
estomacais, diaforéticas, digestivas, infecgdes broquicas e antigripais

(BASSOLS et al., 1996).
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Figura 1 Plantas medicinais de Aloysia gratissima (A), Hyptis marrubioides (B)
e Cordia verbenacea (C)

Foram relatados os efeitos de 6leos de plantas do género Aloysia sobre
microrganismos que causam doengas em humanos. Trabalhando com cerca de
350 espécies provenientes de diversas regides brasileiras e do mundo, Figueira et
al. (2003) observaram que A. tryphylla, A. gratissima e A. tuberosum
apresentaram forte atividade antimicrobiana contra Strepfococcus faecilum,
Bacillus subtilis e Candida albicans. Ensaios in vitro demostraram que as
espécies do género Aloysia t€m atividade para muitas bactérias gram-positivas
responsaveis por infec¢des do trato respiratério em humanos (Staphylococcus
aureus, Streptococcus pneumoniae e Streptococcus pyogenes) (CACERES et al.,
1993). Contra fitopatdégenos, o 6leo essencial de A. gratissima proporcionou

inibicdo no crescimento micelial de C. gloeosporioides nas concentragdes de 20,
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100 e 500 ppm. Ja para F. Oxysporium, apenas a concentragdo de 500 ppm
apresentou inibicao significativa (PINTO et al., 2007).

Hyptis marrubioides Epling ex Hoehne (Figura B) ¢ também conhecida
como horteld do campo e pertence a familia Lamiaceae. O género Hyptis
apresenta uma grande diversidade morfoldgica, principalmente na regido do
cerrado brasileiro, com cerca de 300 a 400 espécies (HARLEY, 1988). Os 6leos
essenciais secretados deste género tém importante acdo farmacoldgica, como
anestésico, antiespasmoédico e anti-inflamatério (DI STASI et al., 1996).

Estudos t€ém mostrado atividades biologicas importantes relacionadas ao
género Hyptis, tais como: atividade antifungica (OLIVEIRA et al., 2004),
antibacteriana (SOUZA et al., 2003), larvicida (COSTA et al., 2005), dentre
outros.

Cordia verbenacea DC. (Figura C) é uma espécie perene e arbustiva
encontrada principalmente nas regides litoraneas do Brasil. Popularmente
conhecida como erva-baleeira, ¢ uma planta com propriedades medicinais, usada
como anti-inflamatério e analgésico, sendo indicada para a artrite, reumatismo e
problemas de coluna (SILVA JUNIOR; VIZZOTO; GIORGI, 1995).

Silva, O. et al. (2011) verificaram efetivo controle preventivo da ferrugem
asiatica da soja com os 6leos essencias de 4. gratissima, C. verbenacea e H.
marrubioides em testes in vitro e in vivo. Silva (2009) verificou que esses
mesmos 6leos essenciais afetaram a germinacdo, o crescimento € a reprodugao
do fungo C. truncatum em teste in vitro. Foi verificado também que esses 6leos
foram eficientes no tratamento de semente de soja no controle do C. truncatum e
que, mesmo na concentracdo de 1%, houve uma equivaléncia de eficicia entre

eles e o tratamento padrio com fungicida quimico carbendazim.
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Abstract The objective of this study was to investigate the effects of the
essential oils derived from Hyptis marrubioides Epling ex Hoehne, Aloysia
gratissima (Gillies & Hook.) Tronc. and Cordia verbenacea DC. in controlling
Asian soybean rust (Phakopsora pachyrhizi) Syd. & P. Syd. The inhibitory
activities of the essential oils (applied in the concentration range 0.05 — 2%) on
the urediniospores germination of P. pachyrhizi were investigated through in
vitro assays. The curative and eradication properties of the oils (applied in the
concentration range 0.05 — 0.5%) were studied under greenhouse conditions
using the P. pachyrhizi-susceptible soybean cultivar MGBR-46/Conquista. The
scanning electron microscopy was employed to investigate the essential oils
effect on the morphology of P. pachyrhizi urediniospores. Treatment with
essential oils at all concentrations tested led to the total inhibition of spore
germination in vitro. Curative application of the essential oils inhibited disease
progression by 33 to 41%, whereas the commercial fungicide
(pyraclostrobin/epoxiconazole) employed as positive control was 61% effective.
Treatment of infected plants with essential oils produced morphological
alterations in fungal structures that were similar to those produced by the
commercial fungicide, namely, shriveling of urediniospores, appressoria, germ
tube and paraphyses. The results obtained establish the potential value of the
studied essential oils in curative treatments against P. pachyrhizi infection.
These natural products not only offer an alternative to the use of synthetic
fungicides but could also find application in organic and conventional farming.

Keywords: Alternative control of plant disease * Scanning electron microscopy
* Glycine max * Phakopsora pachyrhizi
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Resumo: O objetivo do trabalho foi avaliar o efeito dos dleos essenciais de
Hyptis marrubioides Epling ex Hoehne, Aloysia gratissima (Gillies & Hook.)
Tronc. e Cordia verbenacea DC. no controle da ferrugem asiatica da soja
(Phakopsora pachyrhizi) Syd. & P. Syd. Nas concentragdes de 0,05-2% sobre a
germinacdo dos uredinidsporos da P. Pachyrhizi, as atividades inibitorias dos
6leos essenciais foram testadas através de ensaios in vitro. As propriedades
curativas e erradicantes dos oOleos aplicados na faixa de concentracdo de 0,05-
0,5% foram estudadas em casa de vegetacdo, usando a cultivar de soja MGBR-
46/Conquista, considerada suceptivel a ferrugem asiatica. Microscopia
eletronica de varredura foi empregada para investigar o efeito de oleos
essenciais sobre a morfologia dos uredinidsporos da P. pachyrhizi. Em todas as
concentragoes testadas, os 6leos essenciais inibiram totalmente a germinagao dos
esporos in vitro. Aplicagdo curativa dos 6leos essenciais inibiu o progresso da
doenga entre 33 e 41%, enquanto o fungicida comercial (piraclostrobina/
epoxiconazole), empregado como controle positivo resultou em 61% de
controle. Os Oleos essenciais causaram alteragdes morfologicas nos
uredinidsporos, apressorios, tubo germinativo e parafase, semelhantes ao
fungicida comercial. Os resultados obtidos demonstram o valor potencial dos
Oleos essenciais estudados no tratamento curativo da ferrugem asiatica. Estes
produtos naturais ndo s6 oferecem uma alternativa ao uso de fungicidas
sintéticos, mas também poderiam ser utilizados na agricultura orgénica e
convencional.

Palavras-chave: Controle alternativo de doengas de plantas ¢ Microscopia
eletronica de varredura ¢ Glycine max * Phakopsora pachyrhizi
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Introduction

The productivity and profitability of a soybean crop can be diminished
drastically following attack by pathogenic microorganisms. Asian soybean rust,
the causal agent of which is the air-borne fungus Phakopsora pachyrhizi Syd. &
P. Syd (Yang et al. 1990; 1991a, b; Andrade and Araripe-Andrade 2002), is one
of the most destructive diseases affecting this important culture. The initial
symptoms include the appearance of small discolored necrotic areas on the
surface of the leaves, while the untreated disease can progress rapidly leading to
premature leaves loss and, depending on the developmental stage of the plant,
abnormal pod production with reduced seed fill and smaller seed size (Yang et
al. 1991b). According to studies conducted in various soybean-growing regions,
the reduction in yield induced by Asian rust can vary between 10 and 100%
(Hartman et al. 1991; Yorinori et al. 2005; McLaren 2008). In Brazil, it has been
estimated that the cumulative total losses, including reduced productivity and
revenue plus the cost of disease control, associated with Asian rust reached US$
10.1 billion in the period from the earliest severe epidemics up until the
2007/2008 harvesting season (Consoércio Antiferrugem 2008).

Currently no soybean cultivars offer adequate resistance to Asian rust
(Navarini et al. 2007; Ribeiro et al. 2007) and hence control of the disease
requires the adoption of a variety of alternative measures. When the infection is
already established, the use of triazole and estrobilurine fungicides is
unavoidable (Patil and Anahosur 1998; Miles et al. 2003; Godoy and Canteri
2004). However, the continuous use of such specific fungicides favors the
selection of pathogen resistant strains, and it is necessary to alternate such
products with others that act via different mechanisms (Kimati 1987).

Plant-based products not only provide alternatives to the synthetic
fungicides, but their application is generally less harmful to man and the

environment. The essential oils from a variety of plant species have been shown
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to be very effective in the control of plant diseases (Medice et al. 2007; Silva et
al. 2009; Al-Reza et al. 2010; Chaijuckam and Davis 2010), while oils from a
number of traditional Brazilian medicinal plants, including Hyptis marrubioides
Epling ex Hoehne (Lamiaceae), Aloysia gratissima (Gillies & Hook.) Tronc.
(Verbenaceae) and Cordia verbenacea DC. (Boraginaceae), are known to be
effective against phytopathogens (Silva et al. 2009, 2011). In order to evaluate
the application of these plant species in disease control, our research group
undertook the task of investigating the curative effects of the essential oils

derived therefrom against Asian soybean rust.

Material and methods

Preparation of essential oils

Plants of H. marrubioides, A. gratissima and C. verbenacea were
cultivated in the medicinal garden at the campus of the Universidade Federal de
Lavras (UFLA), Lavras, Minas Gerais state, Brazil. Voucher specimens were
deposited in the herbarium at UFLA with reference numbers 1022, 19810 and
7982, respectively. Aerial parts of each plant were collected in morning periods
during February 2008, and immediately comminuted and transferred to a
modified Clevenger apparatus. Hydrodistillation was continued for 2 h and the
essential oil that collected was separated and stored at - 40°C in aluminum foil-

wrapped glass vials until required for assay.

Preparation of urediniospores of P. pachyrhizi

Urediniospores were scraped from the leaves of naturally infected
soybean plants growing in the fields of the university campus. Spores were
passed through a 60 mesh sieve, collected onto aluminum foil and subsequently

suspended in distilled water containing 1% Tween 20. Spore density was
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adjusted by appropriate dilution after counting under a light microscope with the
aid of a Neubauer chamber. Spore viability was estimated prior to inoculation

onto the growth medium.

Effects of essential oils on the germination of P. pachyrhizi urediniospores in
vitro

The essential oils were mixed separately with 1% Tween 20 in water in
order to produce concentrated emulsions, aliquots of which (1 mL) were
combined with 9 mL of autoclaved water-agar medium, maintained just above
the melting point of agar, and poured immediately into 9 cm diameter Petri
dishes. The final concentrations of oils in the media were 0.05, 0.1, 0.3, 0.5, 1.0,
1.5 and 2.0%. Following solidification of the medium, an aliquot (50 pL) of
spore suspension (containing 2 x 10* spores mL™") was placed onto the agar and
spread evenly across the surface, after which the plates were sealed. Inoculated
dishes were incubated at 25 °C for 4 h in the dark, following which the numbers
of germinating spores were counted in samples of 200 spores located in each
quadrant of the dish. A urediniospore was germinated when the length of its
germ tube was equal to or greater than the spore diameter.

The assays were conducted in triplicate, with each dish representing a
replicate, according to a completely randomized design with three different
essential oils x seven different oil concentrations plus two controls. In the
negative (untreated) control, a 1 mL aliquot of water containing 1% Tween 20
replaced the essential oil emulsion, while in the positive control the test
emulsion was replaced by a 1 mL aliquot of fungicide solution containing 2.22

mg of pyraclostrobin and 0.83 mg of epoxiconazole.
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Effects of essential oils on P. pachyrhizi-infected soybean plants in vivo

In order to assess the curative and eradicating properties of the essential
oils, in vivo assays were carried out using soybean plants that had been
artificially infected with Asian rust. Seeds of the P. pachyrhizi-susceptible
soybean cultivar MGBR-46/Conquista were germinated in plastic pots
containing 3 kg of substrate (soil:sand:manure; 2/1/2 by weight). After 30 days
the seedlings were pricked out to leave two plantlets per pot, and after 40 days a
cover fertilizer was applied following the recommendations of Novais et al.
(1991). At the start of flowering (phenological stage R1), plants were inoculated
with a suspension of P. pachyrhizi urediniospores (containing 2 x 10™ spores
mL™") and subsequently enclosed in transparent plastic bags in order to provide a
humid saturated environment for 12 h. Inoculated plants were maintained in a
greenhouse, the temperature and humidity of which were constantly monitored
with the aid of an Impac (Sdo Paulo, SP, Brazil) model TH 508
thermohygrograph. The conditions employed (average temperature in the range
17.5 — 30.2°C; relative humidity 74.6%) were considered favorable for the
development of soybean rust (Kochman 1979; Reis and Bresolin 2004).

Assay of the essential oils commenced on the 14" day after inoculation
of the plants. Four pairs of leaves were selected in the middle of each plant
comprising two pairs that showed no signs of disease and two pairs that
presented a low level of infection (defined in terms of a minimum score
according to the diagrammatic scale proposed by Godoy et al. (2006). These
leaves were marked and subsequently re-evaluated for severity of disease
(according to the scale mentioned above) every 7 days, providing seven
evaluations each in total. The area under the disease-progress curve was
calculated according to the method of Campbell and Madden (1990).
Experimental plants were treated with essential oils at concentrations of 0.05,

0.1, 0.3 and 0.5% (as emulsions in water containing 1% Tween 20) every 10
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days following the first evaluation. Controls plants were treated in exactly the
same manner but with either 1% Tween 20 in water (negative control) or
commercial fungicide mixture (positive control) replacing the essential oil
emulsion. The assays were conducted in quintuplicate, with each pot
representing a replicate, according to a randomized block design with three
different essential oils x four different oil concentrations plus two controls. The

complete experiment comprised 70 pots, with each pot containing two plants.

Scanning electron microscopy (SEM)

The effects of the essential oils on the morphology of P. pachyrhizi
urediniospores were evaluated by SEM. Soybean plants that were severely
infected with P. pachyrhizi were treated with essential oils at concentrations of
0.05, 0.1, 0.3 and 0.5% (as emulsions in water containing 1% Tween 20).
Controls plants were treated with either 1% Tween 20 in water (negative
control) or commercial fungicide mixture (positive control). Seventeen hours
after treatment, selected leaves containing the phytopathogen were removed
from plants and prepared for SEM analysis following the methodology described
by Medice et al. (2007).

Statistical analysis

All assays were performed in duplicate. Data were subjected to analysis
of variance (ANOVA): normality and homogeneity of variance were evaluated
by inspection of the residual plots and no deviations from the assumptions were
observed. Tukey tests (o = 0.05) were applied in order to determine the

significance of the differences between mean values.
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Results

Incubation of P. pachyrhizi urediniospores on water-agar medium
supplemented with 1 mL of water containing 1% Tween 20 (negative control)
allowed 74% spore germination. In contrast, addition of 1 mL of water: Tween
20 emulsions of the essential oils from H. marrubioides, A. gratissima or C.
verbenacea led to the total inhibition of spore germination irrespective of the oil
concentration. The fungicide also inhibited germination by 100%.

ANOVA revealed that there were no double or triple interactions
between the factors studied in vivo and that each acted independently (Table 1).
The experiments demonstrated that the essential oils from the three species
studied were equally effective in controlling asian soybean rust (Table 2),
although they were less efficient than the commercial fungicide employed as the
positive control. Regarding the curative effects of different essential oil
concentrations, no significant differences were detected between any of the
treatments applied, from which it is evident that even at the lowest concentration
(0.05%) the studied oils were able to control the disease (Table 1). Although the
essential oils exerted a curative effect on soybean plants, none was able to
impede the development of P. pachyrhizi or to eradicate the disease completely.
However, it was noted that leaves that had exhibited no signs of rust on the 14"
day after inoculation and had received essential oil treatment every 10 days,
showed less progression of the disease compared with leaves that had already
presented signs of rust (Figure 1).

The treatment of infected plants with essential oils induced
morphological alterations in fungal structures that were similar to those
produced by the commercial fungicide. Even the lowest concentration of
essential oils gave rise to urediniospores, appressoria, germ tubes and
paraphyses that were shriveled in comparison with those observed in infected

plants that had been treated only with water containing 1% Tween 20 (Figure 2).
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Discussion

The results of the present study demonstrate that essential oils from the
traditional Brazilian medicinal plants H. marrubioides, Aloysia gratissima and
Cordia verbenacea contain components that are toxic to urediniospores of
Phakopsora pachyrhizi. Treatment of artificially infected plants with these
essential oils, or with a commercial fungicide containing pyraclostrobin and
epoxiconazole, inhibited fungal germination and induced morphological changes
in fungal structures that were not detected in the untreated (negative) controls.
The observed alterations were in agreement with previous studies (Fiori et al.
2000; De Billerbeck et al. 2001; Soylu et al. 2006, 2007; Medice et al. 2007)
involving the effect of oils from different plant species on fungi other than P.
pachyrhizi. It has been suggested that such alterations result from cytoplasmic
leakage as well as from the disruption of the enzyme-mediated synthesis of
fungal cell walls caused by lipophilic oils (Sharma and Tripathi 2006; Soylu et
al. 2007).

Although considerable research attention has been focused on the effects
of essential oils on phytopathogens, studies involving the use of such natural
products in the control of the pathosystem soybean-P. pachyrhizi are scarce.
Medice et al. (2007) reported that application of essential oils from Corymbia
citriodora, Cymbopogon nardus, Azadirachta indica and Thymus vulgaris to
soybean cultivars Conquista and Suprema reduced the density of rust pustules on
infected leaves. Medice (2007) also reported that one preventive and two
curative applications of essential oils from these species, as well as that from
Melaleuca alternifolia, were effective in the control of soybean rust. In contrast,
the application of extracts of citric biomass to soybean plants was ineffective
against P. pachyrhizi infection, although it was successful in reducing the
severity of infections by Peronospora manshurica (62%) and Microsphaera

diffusa (35%) (Kuhn et al. 2009).
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The essential oils assayed also presented, even at very low
concentrations, a curative effect against soybean rust on infected plants growing
under greenhouse conditions. This result is significant because it suggests that
the essential oils could be employed in the control of rust in the field. Moreover,
it would appear that oil concentrations lower than the minimum levels assayed in
the present study could also be effective.

Silva et al. (2011) have previously demonstrated that preventative
spraying with essential oils from H. marrubioides, A. gratissima and C.
verbenacea was effective in controlling the P. pachyrhizi infection. In this study,
the oils were found to be efficient at very low concentrations (0.05%) but, in
contrast to the present findings, their efficacy in the prevention of soybean rust
improved with increased concentration. Moreover, preventative application of
the essential oils reduced the progress of rust disease and afforded 52 to 80%
protection in comparison with 92% effectiveness provided by the commercial
fungicide employed as the positive control. In the present study, the curative
application of the essential oils imparted 33 to 41% protection whereas the
fungicide mixture was 61% effective.

According to Hartman et al. (1991), the preventative application of
fungicides represents the most appropriate strategy for controlling soybean rust,
a hypothesis that is confirmed by the reported effects of the commercial
fungicide used as positive control in the studies mentioned above. Additionally,
the essential oils presently studied were more effective when applied in a
prophylactic manner rather than for curative purposes. However, it is difficult to
detect soybean rust at an early stage since the initial symptoms are not unique to
this disease (Levy 2005). For this reason, it is essential to investigate products
that could be used in the treatment of rust infected crops in order to minimize the

consequential economic losses.
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A relevant result presented herein is the fact that the progress of Asian
rust was smaller in oil-treated leaves that showed no symptoms than in those
already exhibiting signs of the disease. Indeed, several studies have shown that
the curative efficacy of fungicides generally diminishes when application is
delayed (Miles et al. 2003; Godoy and Canteri 2004), while the results of
Scherm et al. (2009) confirm that fungicide should be applied prior to the
emergence of soybean rust, or at the latest when the first signs of infection
become visible, otherwise the success of treatment could be reduced. Generally,
however, application of fungicides during the vegetative stage is ineffective and
uneconomical (Miles et al 2003; Yang and Robertson 2005).

In the present investigation, essential oil treatments were sprayed during
the reproductive R1 stage, which is considered a critical period in which
soybean plants are particularly susceptible to P. pachyrhizi infection. Although
the study verified that the essential oils could be used for both prophylactic and
curative purposes, it is important to stress that, in the former case, the longer the
interval between application of the oils and the onset of infection the less
successful will be the results (Carneiro et al. 2007; Silva et al. 2011). Such
findings highlight the importance of monitoring soybean crops from the very
beginning of the reproductive stage, particularly when the environmental
conditions are favorable to the development of the phytopathogen.

In the present study, a commercial fungicide containing pyraclostrobin
and epoxiconazole (positive control) was more effective as a curative treatment
against soybean rust than any of the essential oils assayed. Pyraclostrobin is a
member of the strobin class of pesticides and acts systemically by disrupting the
early events in fungal development, i.e. spore germination and elongation of the
germ tube (Bartlett et al. 2002; Tenuta et al. 2005). Epoxiconazole is a triazole
fungicide that affects later stages of fungal development such as mycelial growth

and the fungal cycle (O'Leary and Sutton 1986; Tsuda et al. 2004; Tenuta et al.
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2005). In contrast, plant-derived fungicides generally comprise multi-component
combinations that exhibit a variety of mechanisms of action (Sharma and
Tripathi 2006) that may include direct toxicity (Medice et al. 2007; Silva et al.
2009; Al-Reza et al. 2010; Chaijuckam and Davis 2010), stimulation of
mechanisms of plant resistance (Jayaraj et al. 2008; Devaiah et al. 2009; Godard
et al. 2009) and systemic action on plant cells (Sundaram et al. 1995;
Shivashankar et al. 2000; Itako et al. 2008). The lower efficacy of the essential
oils in comparison with the commercial fungicide may be related to the high
volatility and rapid degradability of the former when exposed to free air, intense
light and/or high temperature (Simdes and Spitzer 2000; Ruddick 2008).

Although the studied essential oils were unable to eradicate P.
pachyrhizi infection completely, it was possible to observe a significant curative
effect in terms of diminished disease progress in treated plants grown under
greenhouse conditions, alterations in fungal development as revealed by SEM,
and reduced spore germination as established by in vifro assay. It is of
significance to note that systemic fungicides (azoxystrobin, carbendazim,
tebuconazole, difenoconazole and epoxiconazole/pyraclostrobin mixture) are
also incapable of completely eradicating soybean rust (Godoy and Canteri
2004).

The results presented herein establish the potential value of the essential
oils from H. marrubioides, A. gratissima and C. verbenacea in curative
treatments against P. pachyrhizi infection. These natural products not only offer
an alternative to the use of synthetic fungicides but could also find application in
organic and conventional farming. It would be of interest to establish different
formulations of these oils that would allow the retention of residual activity, and
to investigate their efficacy against other soybean pathogens.
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Table 1 Analysis of variance of the area under the disease-progress curve
(AUDPC) as a function of experimental parameters
Source of Degrees of ~ Sum of Mean F value

o Pr (>F)
variation freedom squares square
Block 4 1653 413 0.3776 0.824233"™
Leaf 1 227914 227914  208.194 < 2.2e-16%**
7
Treatments 4 58618 14655 13.3867  6.811e-09%***
Between 2 3541 1771 1.6174 0.203190™
essential oils
Essential oil vs 1 7672 7672 7.0081 0.009328%**
fungicide
All vs negative 1 47405 47405 43.3038  1.736e-09***
control
Concentration 3 3080 1027 0.9378 0.425121™
Leaf : treatment 4 5971 1493 1.3636 0.251412™
Leaf: 3 2037 679 0.6201 0.603474"
concentration
Treatment : 6 11924 1987 1.8154 0.102723™
concentration
Leaf : treatment : 6 5848 975 0.8904 0.504707"
concentration
Residuals 108 118229 1095

"not significant; **significant at 1% probability; ***significant at 0.1% probability
(Tukey test)
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Table 2 Mean values of the areas under the disease-progress curves (AUDPC)
obtained using essential oils as curative and eradicative treatments in
the control of Asian soybean rust

Treatment AUDPC values

Mean Lower Upper
Aloysia gratissima oil 106.5° 96.1 116.8
Cordia verbenacea oil 100.0° 89.6 110.4
Hyptis marrubioides oil 113.3° 102.9 123.7
Fungicide Pyraclostrobin/ 65.9° 45.2 86.7
epoxiconazole  (positive
control)
1% Tween 20 in water 168.9 ¢ 148.2 189.7

(negative control)

Within a column, values bearing different lower-case superscript letters are significantly
different at 5% probability (Tukey test)
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Figure 1 Comparison of the mean values of the areas under the disease-progress
curves (AUDPC) of soybean leaves that presented rust symptoms and
those that exhibited no symptoms at the first evaluation following
treatment with essential oils. Bars labeled with different lower-case
letters indicate mean values that are significantly different one from
another (Tukey test; 0.1% probability)
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Figure 2 Scanning electron microscopic images of fungal structures on leaves
from infected soybean plants that had been treated with 0.05%
emulsions (in water containing 1% Tween 20) of essential oils from
Aloysia gratissima (A), Cordia verbenacea (B, E and G) and Hyptis
marrubioides (C). Arrows indicate shriveled urediniospores (C),
appressoria (E) and paraphyses (G). Similar alterations were observed
in fungal structures on leaves from infected soybean plants that had
been treated with higher concentrations of essential oils or with
commercial fungicide, but no morphological changes were detected in
the negative controls that had been treated with water containing 1%
Tween 20 but no additive (D, F and H)
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Abstract

Eucalyptus plants cultivated in greenhouses, nurseries and clonal minigarden are
vulnerable to attack by fungal pathogens, mainly Oidium eucalypti (powdery
mildew). Essential oils and decoctions prepared from the traditional Brazilian
medicinal plants Aloysia gratissima, Cordia verbenacea and Hyptis
marrubioides have been shown to be effective in the control of some plant
diseases. In the present study, the local and systemic effects of these
preparations in the control of O. eucalypti were evaluated by assessing the
progress of the disease in saplings of a highly susceptible hybrid population of
eucalyptus (“urocam”). The systemic effects were also assessed by investigating
the ability of the preparations to induce disease resistance, as indicated by
increased peroxidase activity. The natural products were found to be more
effective than a commercial fungicide (pyraclostrobin/epoxyconazole mixture)
in the local control of O. eucalypti in eucalyptus plants grown in the greenhouse.
Additionally, peroxidase activities in Oidium-inoculated eucalyptus plants that
had been treated with the preparations were significantly (P = 0.05) higher than
those established in untreated controls. Scanning electron microscopy analyzis
revealed that the oils and decoctions exhibited direct fungitoxic activities on O.
eucalypti as shown by lysis of hyphae walls and shrinking of conidia. The results
presented herein suggest that oils and decoctions from A4. gratissima, C.
verbenacea and H. marrubioides may offer an effective, practical and
ecofriendly strategy for the control of O. eucalypti in eucalyptus.

Keywords: Oidium eucalypti, eucalyptus, alternative control, fungitoxic activity,
induction of resistance
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Resumo

Mudas de eucalipto cultivadas em casa de vegetag@o, viveiros e minijardim
clonal sdo vulneraveis ao ataques de fungos, principalmente Oidium eucalypti
(oidio). Oleos essenciais e decoctos preparados a partir das tradicionais plantas
medicinais brasileiras Aloysia gratissima, Cordia verbenacea ¢ Hyptis
marrubioides t€tm mostrado eficazes no controle de algumas doencas de plantas.
No presente estudo, os efeitos locais e sistémicos dos dleos essenciais e decoctos
no controle de O. eucalypti foram avaliados através do progresso da doenca em
mudas de uma populagdo altamente suscetivel do hibrido de eucalipto
("urocam"). Os efeitos sistémicos também foram avaliadas através da
capacidade dos oOleos essenciais e decocotos em induzir resisténcia sist€émica a
doengas, como indicado pelo aumento da atividade da peroxidase. Os produtos
naturais foram mais eficaz do que o fungicida comercial (piraclostrobina /
epoxyconazole) no controle local do O. eucalypti em mudas de eucalipto
cultivadas em casa de vegetacdo. Além disso, as atividades de peroxidase em
plantas de eucalipto inoculadas com Oidium eucalypti foram significativamente
(P = 0,05) superiores as estabelecidas nos controles ndo tratados. Andlise de
microscopia eletronica de varredura revelou que os 6leos e decoctos foram
fungitéxicos ao O. eucalypti causando lise das paredes hifas e murchamento de
conidios. Os resultados apresentados sugerem que os 6leos e decoctos de A.
gratissima, C. verbenacea ¢ H. marrubioides podem oferecer uma estratégia
eficaz no controle do O. eucalypti em eucalipto.

Palavras-chave: Oidium eucalypti, eucalipto, controle alternativo, a atividade
fungitoxica, indugdo de resisténcia.



63

Introduction

Many species of the genus Eucalyptus are cultivated as sources of
timber, pulpwood, charcoal and essential oil in various parts of the world. The
plants are susceptible to a variety of fungal pathogens, including Oidium
eucalypti (powdery mildew), which mainly attacks saplings grown in
greenhouses and nurseries (Dos Santos et al., 2001). Species of Oidium, which
attack thousands of other angiosperms, produce large amounts of conidia that
appear as white powdery spots on all plant parts (leaves, stems, flowers and
fruits) causing significant economical losses (Glawe, 2008). It is, therefore,
important that appropriate phytosanitary measures be taken to control powdery
mildew in eucalyptus nurseries, greenhouses and clonal minigarden.

The most common method of controlling powdery mildew involves the
application of synthetic fungicides. Unfortunately, the continued use of such
compounds is not only harmful to humans and the environment, but can also
lead to the emergence of resistant pathogenic strains (Reimann & Deising, 2000;
Dianz et al., 2002). According to Bettiol & Stadnik (2001), resistant strains of
Oidium spp. may be readily isolated from fungicide-treated plantations, and the
use of alternative methods of disease management is recommended in order to
minimize or prevent this outcome. In this context, Sharma & Tripathi (2006)
have claimed that plant-derived products do not induce resistance with the same
facility since they contain a number of constituents with different mechanisms of
action. Additionally, Paul & Sharma (2002) state that the active principles in
plant extract may not only exert a direct toxic effect on the pathogen but also
induce systemic resistance in the host.

Essential oils from the traditional Brazilian medicinal plants Aloysia
gratissima (Gillies & Hook.) Tronc. (Verbenaceae), Cordia verbenacea DC.
(Boraginaceae) and Hyptis marrubioides Epling ex Hoehne (Lamiaceae) have

been shown to be effective in the control of phytopathogens (Silva et al., 2011).
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In the present study, we have investigated the local and systemic effects of the
essential oils and decoctions derived from these plant species on the control of
O. eucalypti in a highly susceptible hybrid Fucalyptus urophylla x Eucalyptus

camaldulensis (“urocam”).

Materials and methods
Extraction and analysis of essential oils

Plants of 4. gratissima, C. verbenacea and H. marrubioides were
cultivated in the medicinal garden within the campus at the Universidade
Federal de Lavras (UFLA), and voucher specimens were deposited in the
herbarium at UFLA with reference numbers 1022, 19810 and 7982, respectively.
Aerial parts of the medicinal plants were collected in morning periods during
April 2010, and immediately comminuted and transferred to a modified
Clevenger apparatus. Essential oil that collected after 2 h of hydrodistillation
was separated and stored at - 40°C in aluminium foil-covered glass vials until
required for use in the bioassays. The aqueous phase (containing fragments of
comminuted plant material) that remained following hydrodistillation was
filtered through a 500-mesh sieve, and the decoction so-prepared was stored in
the manner described above for essential oils.

Oil samples were subjected to analysis by gas chromatography (GC)
with flame ionization detection (FID) using a Shimadzu (Kyoto, Japan) model
17A chromatograph and to GC-mass spectrometry (MS) using a Shimadzu
model QP5050A instrument with a quadrupole detector. In each case, a 5%
phenyl methylpolysiloxane fused-silica capillary column (30 m x 0.25 mm i.d.;
0.25 um film thickness) was employed. The chromatographic conditions were:
oven temperature - initially at 50°C, increased to 200°C at 4°C min™, held at
200°C for 5 min, and finally increased to 280°C at 20°C min™'; carrier gas -

helium at a flow rate of 1.2 mL min’'; injector temperature - 220°C; injection
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volume - 0.5 pL; flow ratio - 1:20; interface temperature - 240°C; ionization
potential - 70 eV; mass range - 40 - 550 m/z; scan rate - 0.84 scans s™'. The
compounds were identified by a comparison of their MS with those of the
National Institute of Standards and Technology (1998) on-line library and
literature database (Adams, 2007). Kovats retention indices (KI) were
determined from a calibration curve prepared with a series of n-alkanes (Cg-Cs;)
chromatographed under conditions analogous to those of the samples. The
retention values were compared with those reported in the literature (Adams,
2007). The relative concentrations of the essential oil components were
calculated by the area normalization method without considering specific

response factors.

Experimental design

Saplings of the hybrid Eucalyptus wurophylla x Eucalyptus
camaldulensis (“urocam’) were acquired from a commercial nursery and
maintained in plastic pots under greenhouse conditions until the young plants
had produced five pairs of leaves, at which stage they were used in the
experiments. The experiment was conducted in duplicate under greenhouse
conditions (temperature range: 14.4 to 27.8°C; relative humidity: 72%) in the
form of a randomized block design with three repetitions and three plants per
plot. The treatments comprised emulsions of essential oil at concentrations of
0.25, 0.5 and 1.0%, decoctions at concentrations of 25, 50 and 75%, or a
commercial fungicide (pyraclostrobin/epoxyconazole mixture; Opera®, BASF
do Brasil) at a concentration of 0.5 mL L™, each in water containing 1% Tween
20. The choice of this fungicide concentration is justified by the fact that it
causes phytotoxicity when applied at 1.0 mL L™ together with mineral oil (2.5
mL L'; Assist®, BASF). Control plants were treated with water containing 1%

Tween 20. Treatments were applied every 14 days using a manual atomizer



66

until runoff. AIl sections of each of the experimental plants were treated, with
the single exception (where appropriate) of the third pairs of leaves, which were
protected by plastic bags during each application and for the first 12 h
thereafter. In order to allow natural infection by O. eucalypti spores, the blocks
of treated plants were intercalated with infected eucalyptus plants. Possible
local effects were avoided by changing the positions of the plants within the
blocks every 2 days such that, at the end of the experimental period, all plants

had occupied all locations available.

Evaluation of the local effect of essential oils and decoctions

The local effects of treatments were assessed every 7 days by
examining the second pairs of leaves that had been directly sprayed with plant-
derived products or with control solution. In total, eight evaluations were
carried out in order to determine the severity of disease, which was assessed
using the diagrammatic key proposed by Alfenas & Zauza (2007). The areas
under the disease progress curves (AUDPC) were calculated according to the

method of Shaner & Finney (1977).

Evaluation of the systemic effect of essential oils and decoctions

The systemic effects of treatments were assessed by examining the third
pairs of leaves that had been covered with plastic bags during spraying and for
12 h thereafter, following which they were exposed to the environment and to
fungal spores. The severity of the disease on these untreated leaves was
evaluated as described above.

Peroxidase (EC 1.11.1.7) activity, taken as a marker of systemic
resistance, was assessed in 70-day-old eucalyptus plants. The experiment was
conducted according to a totally randomized design in a growth room at 24°C

with a 12 h photoperiod, and involved three replicates per treatment and three
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plants were sampled at each collection time. The treatments consisted of H.
marrubioides, A. gratissima and C. verbenacea essential oils (0.25, 1.0 and
0.25%, respectively) and decoctions (25, 50 and 25%, respectively), each in
water containing 1% Tween 20. These concentrations were used because they
were shown to be the most effective in the systemic control of Oidium. The
controls consisted of Oidium-inoculated plants that had not been treated with
oils/decoctions, and plants treated with water containing 1% Tween 20.
Experimental plants were inoculated with O. eucalypti on the third day after
treatment by application of a conidial suspension in water containing 1% Tween
20 (2 x10* conidia mL™) that had been prepared with material collected from
infected eucalyptus plants, while a control group received no fungal spores at
this stage. The first two pairs of leaves were removed from all plants at different
times (0, 24, 48, 72 or 96 h) following the application of fungal spores to the
experimental plants, and subsequently wrapped in aluminium foil, frozen in
liquid nitrogen and stored at -80°C until required for assay. Leaf pairs were
reduced to a fine powder by maceration with liquid nitrogen in a mortar and
pestle, and transferred to a Falcon tube. Sodium acetate buffer (50 mM; pH 5.2)
was added to the powder in the proportion of 1: 6 (w/v), the mixture was
homogenized under agitation for 10 s and centrifuged at 13000 rpm (radius of
rotor 9.5 cm) for 10 min at 4°C. The concentration of protein in the suspension
was determined according to the Bradford (1976) method with bovine serum
albumin as standard. Peroxidase activity was evaluated using the guaiacol
oxidation method in which the enzyme mixture consisted of 30 pL of leaf
extract, 100 pL of 19.2 mM phosphate buffer (pH 7.0), 25 pL of 20 mM
guaiacol, 25 pL of 60 mM hydrogen peroxide and 20 pL of sterile distilled
water. The absorbance of the reaction mixture at 480 nm was measured after 10
min of incubation at 30°C (Urbanek et al., 1991), and peroxidase activity was

expressed in pumol of tetraguaiacol produced per min per mg of protein.
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Evaluation of the fungitoxic effects of essential oils and decoctions
Eucalyptus plants presenting the highest levels of disease severity were
treated with the concentrations of essential oils and decoctions as described
above. Oidium-infected leaves were collected 15 h after treatment and submitted
to scanning electron microscopy (SEM) (Medice et al., 2007) in order to
evaluate the fungitoxic effects of the preparations in terms of the morphological

changes observed in fungal hyphae and conidiospores.

Statistical analysis

All statistical analyses were preformed using R software (R
Development Core Team). Data were subjected to analysis of variance
(ANOVA): normality and homogeneity of variance were evaluated by
inspection of the residual plots and no deviations from the assumptions were
observed. Tukey test (at 5% probability) was applied, where appropriate, in
order to determine the significance of the differences between mean values.
Quantitative variables were submitted to regression analysis. Peroxidase activity
was plotted as a function of time and the standard deviation of the mean was

calculated.

Results
Compositions of essential oils

GC-MS analysis revealed a considerable diversity in the complexity and
in the proportions of the various chemical classes present in essential oils
derived from A. gratissima, C. verbenacea and H. marrubioides (Table 1). The
oil from A. gratissima presented the largest number of components (39),
followed by C. verbenacea oil with 26 and H. marrubioides oil with 24 (data not
shown). B-Pinene, trans-pinocamphone and trans-pinocarvyl acetate were the

main constituents of A. gratissima oil, although these compounds were either
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absent or present in minute amounts in the oils of the other two species (Table
2). Methyl (2E,6E)-farnesoate and B-caryophyllene were the major constituents
of C. verbenacea oil, while the main constituents of the oil of H. marrubioides

oil were cis- and trans-thujone, both of which were absent from the other oils.

Local and systemic effects of treatments

The results of ANOVA indicated that there were no interactions between
the main variables of interest when the local effects of oils and decoctions were
evaluated. The coefficients of variation in experiments aimed at evaluating the
local and systemic effects of essential oils and decoctions were 14.2 and 7.3%,
respectively. The global mean values of AUDCP recorded for preparations from
all three plants and at all concentrations tested (Fig. 1) revealed that the
decoctions were significantly more effective than the essential oils in the local
control of O. eucalypti, but that both treatments were equally effective in the
systemic control of powdery mildew. Considering the three plants individually,
there were no differences between the preparations derived from A4. gratissima,
C. verbenacea and H. marrubioides in the local control of the fungus, although
each was significantly more effective than the commercial fungicide (Fig. 2a).
Evaluation of the systemic effects of the treatments revealed that the
effectiveness of the preparations derived from A. gratissima were significantly
greater than those obtained from C. verbenacea, in controlling O. eucalypti
infection, but not significantly different from those exhibited by H. marrubioides
and the fungicidal mixture (Fig. 2b).

The essential oil (at 1%) and the decoction (at 50 or 75%) from A.
gratissima were significantly (P < 0.05) more effective in the systemic control
of O. eucalypti than the lower concentrations assayed as shown by the mean

values of AUDCP (Table 3). The systemic effects of the oils and decoctions
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from C. verbenacea and H. marrubioides were similar irrespective of the

concentrations employed.

Fungitoxic effects of treatments

The SEM micrographs indicated that, even at the lowest concentrations,
the essential oils (Figs. 3a — c¢) and decoctions (Figs. 3d — f) induced
degenerative alterations in hyphae, conidiospores and conidia that were more
pronounced than those produced by the fungicide mixture (Fig. 3g). The main
degenerative alterations observed were lysis of the hyphal walls and shrinking of
the conidia and conidiophores. Treatment with water containing 1% Tween 20

(control) induced only minor alterations in the fungal structures (Fig. 3h).

Effects of treatments on peroxidase activity

Peroxidase activities in plants treated with essential oils and decoctions
peaked 48 h after inoculation with O. eucalypti, and the differences were
statistically significant (P = 0.05) in comparison with control plants sprayed
with water containing 1% Tween 20 (Fig. 4). Similar responses were observed
over this period with non-inoculated plants, except for those treated with A.
gratissima oil in which peroxidase activity increased slightly at 72 and 96 h. It is
also possible to observe a slight increase in peroxidase activity at 48 h in
inoculated plants treated with 1% Tween 20 (control) in comparison with their

non-inoculated counterparts.

Discussion

The present study demonstrated that 4. gratissima, C. verbenacea and
H. marrubioides contain active principles that are not only directly effective
against O. eucalypti but also induce systemic resistance in eucalyptus plants. Six

main chemical classes were present in the essential oils including alcohols,
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aldehydes, esters, ethers, hydrocarbons and ketones (Table 1). According to Faid
et al. (1996), the antimicrobial activities of essential oil constituents decrease in
the order: phenols > alcohols > aldehydes > ketones > ethers > hydrocarbons.
The majority of the components of the oils of A. gratissima and C. verbenacea
were hydrocarbons (52.91 and 46.55% respectively), whereas H. marrubioides
oil contained a greater proportion of ketones (63.01%). In spite of these
differences in composition, essential oils derived from the three plants were
equally efficient in the control of O. eucalypti. 1t is likely that the antifungal
activities of the oils are more associated with synergism between the
components than with absolute concentrations, as has been suggested by other
authors (Romagnoli et al., 2005; Sharma & Tripathi, 2006).

All of the oils and decoctions tested were effective in the local control of
powdery mildew on eucalyptus even at the lowest concentrations tested. This
result was confirmed by SEM analysis, which showed that similar
morphological alterations were induced in O. eucalypti structures independent of
the concentration of preparation applied. Other researchers have reported that
such morphological alterations are concentration-dependent, i.e. the higher the
concentration the more intense the alterations observed (Romagnoli et al., 2005;
Tolouee et al., 2010). Further verification of these findings will be of
considerable importance in determining the appropriate level of application of
natural preparations in the field or in nurseries.

Although the oils and decoctions studied were determined to be
fungitoxic on the basis of AUDPC values and SEM analysis, the latter were
more effective against O. eucalypti than the former. It is likely that the
protection provided by the essential oils would diminish over time because of
volatilization. In this context, Silva ef al. (2011) observed that the protective
effect of essential oils in the control of Asian rust in soybean plants decreased

with time, and similar findings were reported by Carneiro et al. (2007) with
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respect to the effectiveness of neem oil in preventing Oidium infection in bean
plants. It has been suggested that the reduced effectiveness of essential oils over
time may also be attributed to degradation induced by oxygen, light or
temperature (Ruddick, 2008).

Deformations, in the form of collapsed and shattered hyphae and
conidiospores and shrunken conidia, observed in the SEM micrographs recorded
in the present study, were clearly produced by the essential oils and decoctions
applied since the controls only caused minor changes in the morphology of the
fungus. Alterations in the morphology of hyphae and conidia induced by
essential oils and other plant extracts have been observed in several fungal
species (Fiori et al., 2000; Soylu et al., 2007; Medice et al., 2007), and result
from various factors including cytoplasm leakage, inhibition of enzyme
reactions associated with cell wall biosynthesis (Sharma & Tripathi, 2006),
increased permeability of cell membranes caused by the lipophilic nature of
essential oils (Ultee et al., 1999; Piper et al., 2001; Soylu et al., 2007), and direct
cytotoxicity resulting from cell uptake (Inouye et al., 2000; Edris & Farrag,
2003). No resistance or adaptation of fungal spores or mycelia towards plant-
derived products has been reported so far, probably because of the multiple
mechanisms of action of the diverse constituents (Bakkali ez al., 2008).

Evaluation of the systemic effects of the natural preparations revealed
that higher concentrations of the essential oil (at 1% level) or the decoction (at
50 or 75% levels) derived from A. gratissima were most efficient in the control
of O. eucalypti infection. This finding is in agreement with that of Devaiah et al.
(2009), who observed that greater systemic protection of millet plants against
Sclerospora graminicola could be obtained by treating seeds with extracts of
Datura metel at a concentration of 2% in comparison with treatment at the 1%
level. However, while the oils and decoctions from C. verbenacea and H.

marrubioides showed similar systemic effects to those obtained with lower
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concentrations of preparations from A. gratissima, all induced comparable
enhancements of peroxidase activity in Oidium-infected plants. Indeed, even
plants that had not been infected with O. eucalypti showed increases in
peroxidase activity following treatment with the essential oils or decoctions,
indicating that such plants could readily respond to an eventual attack by
pathogens. Peroxidase activity is a valuable and commonly used marker for
estimating acquired systemic resistance in plants (Rasmussen et al., 1995). It is
known that peroxidases are involved in numerous cellular processes including
the final steps of lignin and suberin biosynthesis (Whetten et al., 1998), and the
metabolism of phenylpropanoids (Vidhyasekaran et al., 1997). In addition,
peroxidases are involved in the oxidation of phenols into compounds that are
toxic to pathogens (Montealegre et al., 2010) and the formation of papillae that
can block fungal ingress (Godard et al., 2009). Within this context, the induction
of resistance, either as a single strategy or in combination with others, is a
valuable approach in disease management because it minimizes the application
of synthetic fungicides and contributes to environmental preservation.

An important finding in the present study is that, while the essential oils
and decoctions applied directly to leaves (local effect) were more efficient in the
control of O. eucalypti than the commercial fungicide, leaves that had been
covered by plastic bags during the application of these preparations (systemic
effect) acquired a degree of protection comparable to that provided by the
systemic fungicide. This finding demonstrates that plant-derived products can
display an efficiency that is similar to, or greater than, that of synthetic
substances with respect to the control of fungal diseases.

There is ample evidence relating to the positive effects of plant-derived
products on the control of phytopathogens, but relatively few studies have
focused on the Oidium versus eucalyptus pathosystem. Bizi et al. (2008) tested

various products, including salts, tannins, plant oils, plant extracts, fungal
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antagonists, and fresh cow’s milk and its derivatives, in this system and
compared the results with those obtained with the fungicidal mixture
pyraclostrobin/epoxyconazole. Apparently, cow’s milk and fungal antagonists of
the genus Lecanicillium were quite efficient in controlling Oidium, while
essential oils from Pinus spp., Corymbia citriodora and Eucalyptus globulus (at
1%) and extracts from Ocimum gratissimum, O. basilicum, Ginkgo biloba, E.
globulus, C. citriodora and hybrid Mentha x villosa were ineffective against the
fungus.

Reports concerning the antifungal properties of the essential oils and
decoctions from A. gratissima, C. verbenacea and H. marrubioides are limited.
While, Silva et al. (2011) observed that the preparations derived from these plant
species were very effective against Asian soybean rust, no information is
available concerning the effects of these products on Oidium and on the
induction of resistance to fungal infection.

The examples presented herein demonstrate that plant-derived products
can be used for controlling phytopathogens, but their effectiveness depends on
the species, source material, methods of extraction and concentrations applied.
Hence, it is important to continue with studies that evaluate the properties of
plant natural products, not only with respect to their direct fungitoxic activities
but also to their ability to elicit a defence response against pathogens (Copping
& Duke, 2007; Gindro et al., 2007). Currently, the application of natural
products is gaining strength in disease management (Akila ef al., 2011), mainly
because the preparations are biodegradable and less harmful to humans and
animals (Jayaraj et al., 2008; Devaiah et al., 2009).

In conclusion, the essential oils and decoctions from A4. gratissima, C.
verbenacea and H. marrubioides have been found to be more effective than the
fungicidal mixture (pyraclostrobin/epoxyconazole) in the local control of

Oidium sp. in eucalyptus saplings grown in the greenhouse. Moreover, the
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natural preparations were as effective as the fungicide in the systemic control of
the disease through elicitation of a defence response. The oils also exhibited a
direct fungitoxic activity on the hyphae and conidia of O. eucalypti. The results
presented herein suggest that oils and decoctions from A4. gratissima, C.
verbenacea and H. marrubioides may offer an effective, practical and

ecofriendly strategy for the control of O. eucalypti in eucalyptus.
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Table 1 Relative percentages of the main chemical classes present in the
essential oils derived from Aloysia gratissima, Cordia verbenacea and
Hyptis marrubioides as determined by GC-MS analysis
Composition (%)

c o%;sjuzz s A. gratissima C. verbenacea  H. marrubioides
Alcohols 15.95 2.2 7.34
Aldehydes 1.94 0.31 -

Esters 9.4 36.36 -

Ethers 1.87 6.36 2.17

Hydrocarbons 5291 46.55 24.59

Ketones 16.92 4.07 63.01
* Not detected

Table 2 Relative percentages of the main constituents (shown in bold) of the
essential oils derived from Aloysia gratissima, Cordia verbenacea and
Hyptis marrubioides as determined by GC/MS analysis
Retentio

1 index Compound Relative area (%)
A. C. H
gratissima  verbenacea  marrubioides

970 Sabinene 1.07 0.81 9.62
975 S-Pinene 27.05 = 1.01
988 Myrcene 3.82 - -
1028 Limonene 3.67 3.59 -
1106 cis-Thujone - - 43.49
1117 trans-Thujone - - 15.18
1160 trans-Pinocamphone 11.93 - -
1175 cis-Pinocamphone 3.95 - 4.34
1294 trans-Pinocarvyl acetate 8.94 - -
1374 a-Copaene - 0.29 3.48
1418  p-Caryophyllene 2.81 26.2 5.07
1454 o-Humulene 0.82 7.60 0.39
1493 Bicyclogermacrene 1.97 2.99 -
1580 Caryophyllene oxide 1.87 3.01 2.17
1595 Guaiol 6.23 - -
1778 Methyl (2E, 6E)-farnesoate - 35.85 -

? Not detected
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Table 3 Systemic effects of different concentrations of essential oils and
decoctions derived from Aloysia gratissima, Cordia verbenacea and
Hyptis marrubioides on the control of Oidium eucalypti in eucalyptus
saplings, as represented by areas under the disease progress curves

(AUDPC)
Treatment AUDCP (mean values)
A. gratissima C. verbenacea H. marrubioides

Essential oils

0.25% 2530.5° 2338.5° 2431.2°
0.5% 2459.2° 2396.0° 2410.4°
1.0% 2064.7° 2387.6° 2295.3°
Decoctions

25% 2499.0° 2510.5° 2389.9*°
50% 2062.6° 2349.6*° 2373.4°
75% 2007.6° 2492.6° 2537.0°

Within each group (essential oil and decoction), mean values within the
same column followed by dissimilar lower case superscript letters are
significantly different according to the Tukey test (P < 0.05). The AUDPC mean
value (£ standard error) of the fungicide mixture (positive control) was 2384.4 +
100.04, while that of the 1% Tween 20 in water (negative control) was 2554.6 +
100.04.
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Figure 1 Local and systemic effects of essential oils (m) and decoctions (=) from
Aloysia gratissima, Cordia verbenacea and Hyptis marrubioides as
represented by mean values of areas under the disease progress curves
(AUDPC). Bars bearing dissimilar lower case letters are significantly
different according to the Tukey test (P < 0.05)
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Figure 2 Local (@) and systemic (b) effects of essential oils and decoctions from

Aloysia gratissima, Cordia verbenacea and Hyptis marrubioides in
comparison with those of the fungicidal mixture pyraclostrobin/
epoxyconazole and the negative control (water containing 1% Tween
20) as represented by areas under the disease progress curves
(AUDPC). Bars bearing dissimilar lower case letters are significantly
different according to the Tukey test (P < 0.05). Bars bearing * indicate
significant difference in relation to the combined mean values of
essential oils and decoctions, those bearing ** indicate significant
difference in relation to the combined mean values of essential oils and
decoctions and to the fungicide mixture, and those bearing ns indicate
non-significant differences in relation to the combined mean values of
essential oils and decoctions (F test; P < 0.05)
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. 1020 um

Figure 3 Scanning electron micrographs from Oidium-infected eucalyptus leaves
treated with Aloysia gratissima, Cordia verbenacea and Hyptis
marrubioides essential oils (a, b and c, respectively) and decoctions (d, e
and T, respectively). The fungicidal mixture pyraclostrobin/epoxyconazole
was used as positive control (g), and water containing 1% Tween 20 was
used as negative control (h). White arrows indicate the morphological
alterations observed in the conidia (b), and shrunken and lysed hyphal
walls (e) and conidiospores (f). Since the alterations observed at all
concentrations were similar, the images shown are from eucalyptus leaves
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treated with the lowest concentrations of essential oils and decoctions (0.25
and 25%, respectively)
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Figure 4 Peroxidase activities in eucalyptus leaves following treatment of plants
with essential oils (a) and decoctions (b) from Aloysia gratissima (m,
0), Cordia verbenacea (A, A) and Hyptis marrubioides (®, <). The
controls were plants treated with water containing 1% Tween 20 (e, 0).
Oidium-inoculated plants are represented by closed symbols, while
plants that received no fungal spores are represented by open symbols
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ARTIGO 3

Extrato de folha de cafeeiro e fosfitos no controle do oidio em minicepas de

eucalipto
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Resumo

Este trabalho teve por objetivos avaliar o extrato vegetal de folha de cafeeiro
(NEFID), diferentes formulagdes de fosfitos e a combinagdo entre o extrato e os
fosfitos no controle do oidio em minicepas de eucalipto, bem como estudar o
efeito sobre a produgdo ¢ a porcentagem de enraizamento de miniestacas. Os
experimentos foram conduzidos em jardim clonal e em casa de vegetacdo, em
dois hibridos de eucalipto (“urocam” e “urograndis”). Preliminarmente, foi
avaliada a capacidade do extrato vegetal NEFID e dos fosfitos de cobre, zinco,
potassio e potassio/manganés no controle do oidio e a acdo fungitoxica direta
sobre a morfologia do fungo. Posteriormente, foi analisada a fungitoxicidade
direta, curativa, antiesporulante da mistura entre o extrato NEFID e os fosfitos e
seu efeito na producdo de brotos e no enraizamento das miniestacas de eucalipto.
O extrato vegetal NEFID e os fosfitos de Cu, Zn e K/Mn foram mais eficientes
que o fungicida piraclostrobina + epoxiconazole no controle do oidio. O fosfito
de k nao foi eficiente no controle do patdgeno. Entre as misturas, a que continha
50% do extrato vegetal NEFID com 50% de fosfito de cobre foi a mais eficaz,
por apresentar toxicidade direta sobre o oidio, alta eficiéncia curativa, acdo
antiesporulante e por ndo interferir negativamente na producao de brotos e no
enraizamento das miniestacas de eucalipto.

Palavras-chave: Controle alternativo. produgdo de brotos. Enraizamento.
producdo de conidio. Microscopia eletronica de varredura.
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Abstract

This study aimed at evaluating the extract from coffee leaves (NEFID), different
formulations of phosphites and the combination of the extract and phosphites in
order to control powdery mildew in mini-stumps of eucalyptus. I also aimed at
studying the effect on the production and rooting percentage of mini-cuttings.
The experiments were conducted in a cloned garden and ina greenhouse on two
hybrids of eucaliptus (“urocam” e “urograndis™). First, it was evaluated the
ability of the plant extract NEFID and the phosphites of copper, zinc, potassium
and potassium / manganese in controlling powdery mildew and its toxic effect
on the fungi morphology. Subsequently, we analyzed the direct fungi toxicity,
curative efficiency, anti-sporulating action of the mixture between the extract
NEFID and phosphites and its effect on production of shoots and rooting of
mini-cuttings of eucalyptus. The plant extract NEFID and phosphites of Cu, Zn
and K / Mn were more effective than the fungicide pyraclostrobin +
epoxiconazol in the control of powdery mildew. The potassium phosphite was
not effective in controlling the pathogen. Among the mixtures, the one, which
contained 50% of the plant extract NEFID with 50% copper phosphite, was the
most effective, for its direct fungi-toxicity against pathogen Oidium eucalypti,
high curative activity, and anti-sporulating action and for not having an adverse
effect on the production of shoots and on roots of the eucalyptus mini-cuttings.

Keywords: alternative control. production of shoots. roots. production of
conidia. scanning electron microscopy.
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INTRODUCAO

O eucalipto apresenta-se como uma cultura de grande importancia
mundial, pela sua producdo de madeira para diversos fins, na industria de papel
e celulose, produg¢do de carvao vegetal, 6leos para industrias farmacéuticas,
entre outros.

Entre os principais fatores que podem limitar o rendimento, a
lucratividade e o sucesso da producdo da eucaliptocultura destacam-se as
doengas que podem afetar desde o minijardim clonal até as plantas adultas no
campo. Na fase de minijardim clonal, o oidio ¢ uma das principais doencas
(KRUGNER; AUER, 2005), podendo causar perdas significantes quando nio
controlado prontamente (BROWN; FERREIRA, 2000).

Oidio do eucalipto requer diversas medidas conjuntas para o seu
controle. Quando a doenga ja esta instalada, o uso de fungicidas ¢, até o
momento, o principal método de controle. A utilizagdo de fungicidas,
principalmente os sistémicos, apresenta algumas restrigdes, tais como o risco de
selecdo de populagdes resistentes do patogeno (COOLS; FRAAIJE, 2008;
MAVROEIDI; SHAW, 2006) ¢ o seu alto custo. No caso dos oidios, sdo
facilmente selecionados isolados resistentes a fungicidas (BETTIOL;
STADNIK, 2001).

Atualmente, o processo produtivo agricola sofre pressdo da sociedade
pela redugdo do uso de pesticidas por causarem efeitos adversos ao homem e ao
meio ambiente. Por estas razdes, existe uma busca continua por alternativas que
sejam capazes de auxiliar no controle de doengas.

Extratos vegetais e fosfitos podem ser uma alternativa aos fungicidas
sintéticos no controle do oidio em eucalipto. O extrato de folhas de cafeeiro
infectadas por Hemileia vastatrix (NEFID) vem apresentando resultados
promissores no controle de fitopatégenos e na inducdo de mecanismos de defesa,

principalmente na cultura do cafeeiro no controle Hemileia vastatrix,
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Cercospora coffeicola, Phoma tarda e Phoma costarricensis (BARGUIL et al.,
2005; SANTOS et al., 2007) e em tomateiro no controle de Xanthomonas
vesicatoria (MEDEIROS et al., 2009). Ja os fosfitos também tém ganhado
importancia no controle de doengas, principalmente aquelas causadas por
oomicetos (REBOLLAR-ALVITER; MADDEN; ELLIS, 2007; RIZZO;
GARBELOTTO; HANSEN, 2005; SILVA et al., 2011). No entanto, o efeito de
fosfito contra outros patdgenos nao ¢ bem conhecido (LOVATT; MIKKELSEN,
2006). Os fosfitos podem atuar diretamente, inibindo o desenvolvimento dos
fungos e, também, indiretamente, ativando o sistema de defesa da planta
hospedeira (JACKSON et al., 2000; SPEISER et al., 1999).

Com isso, esse trabalho teve como objetivos avaliar a capacidade do
extrato NEFID e as diferentes formulacdes de fosfitos no controle do oidio do
eucalipto. Avaliar a acdo fungitoxica, antiesporulante e curativa das
combinagdes do extrato NEFID com os fosfitos sobre o oidio do eucalipto, bem
como estudar o efeito sobre a produg¢do e porcentagem de enraizamento de

miniestacas.

MATERIAL E METODOS

Obtencao do extrato vegetal NEFID

O extrato vegetal NEFID foi obtido através de folhas de cafeeiro
infectadas por Hemileia vastatrix que foram moidas e, entdo, adicionado em
agua na concentragdo de 10%, correspondendo a Brix 1,5. O extrato foi fervido
durante 2 h, filtrado em uma peneira de 500 mesh e armazenado a -40 °C até o

emprego nos ensaios.
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Extrato vegetal (NEFID) e fosfitos no controle do oidio, em minicepas de
eucalipto em casa de vegetacdo

O experimento foi realizado em casa de vegetagdo com alto potencial de
inéculo, para a qual foram adquiridas, de viveiro comercial, minicepas do
hibrido Eucalyptus urophylla x Eucalyptus grandis (“urograndis™) acesita-144
considerado suscetivel ao oidio, tendo sido mantidas nesse local. As minicepas
contendo mais de 95% das folhas infectadas foram pulverizadas com os
tratamentos a cada 14 dias. Os tratamentos consistiram dos Fosfitos de Zinco
(34% P,0s5 + 10% Zn), de Potassio (26% P,0s + 19% K,0), Potassio/Manganés
(57% P,0Os + 21,3% K,0 + 5,5% Mn) e de Cobre (20% P,0Os + 4% Cu) na
dosagem de 3 mL/L, do fungicida comercial & base de piraclostrobina +
epoxiconazole a 0,5 mL/L e do extrato vegetal NEFID a 10%, mais o tratamento
controle a base de agua. Em todos os tratamentos, foram adicionados KCI a
0,1% e o 6leo mineral (Assist®) a 2,5 mL/L. As avaliagdes da severidade da
doenga foram feitas a cada 7 dias, num total de 7 avaliacdes, utilizando a escala
diagramatica proposta por Lima, Lopes e Café Filho (2004). A éarea abaixo da
curva de progresso da doenga (AACPD) foi calculada de acordo com Shaner e
Finney (1977). O experimento foi montado em blocos casualizados, com trés
repeticdes, sendo cada parcela constituida de trés plantas. Os blocos foram
intercalados com linhas de mudas de eucalipto infectadas. Para eliminar um
possivel efeito de local, a cada dois dias, cada muda foi transferida de lugar, de
modo que, ao final do experimento, todas tivessem passado pelos mesmos

locais.

Extrato vegetal NEFID, combinado ou ndo com fosfito no controle do oidio,
em minijardim clonal de eucalipto
A fim de avaliar a eficiéncia da mistura entre o extrato vegetal NEFID

com fosfito, foram realizados dois ensaios. No primeiro, os clones do hibrido
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Eucalyptus urophylla x Eucalyptus camaldulensis (‘“urocam”) VM1, em
minijardim clonal foram pulverizados com os tratamentos descritos na Tabela 1
a cada 7 dias. No segundo, foram utilizados os mesmos tratamentos, mas
pulverizados a cada 14 dias. Os tratamentos foram aplicados quando mais de
95% das folhas dos clones estavam infectadas. A parcela experimental foi
constituida de 1 x 0,5 m, sendo considerada a parcela util as 10 plantas centrais.
O delineamento experimental foi feito em blocos casualizados, com 3 repeti¢des.
A aplicagdo dos tratamentos foi realizada na parte da manha, utilizando-se um
pulverizador manual até o ponto de escorrimento. As avaliacdes da severidade
do oidio foram realizadas a cada 7 dias, utilizando-se a escala diagramatica
proposta por Lima, Lopes e Café Filho (2004). A 4rea abaixo da curva de
progresso da doenga (AACPD) foi calculada de acordo com Shaner e Finney

(1977).
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Tabela 1 Formulagdes a base de extrato vegetal NEFID mais fosfito utilizados
no controle do oidio em minijardim clonal de eucalipto
Tratamentos

1-NEFID

2-NEFID 25% +75% Fosfito K
3-NEFID 50% + 50% Fosfito K
4-NEFID 25% +75% Fosfito Zn
5-NEFID 50% + 50% Fosfito Zn
6-NEFID 25% + 75% Fosfito K/Mn
7-NEFID 50% + 50% Fosfito K/Mn
8-NEFID 25% + 75% Fosfito Cu
9-NEFID 50% + 50% Fosfito Cu
10-Fungicida (piraclostrobina + epoxiconazole)
11-Controle (agua)

12-Controle (sem tratamento)

Em todos os tratamentos, foram utilizados o 6leo mineral Assist (2,5
mL/L) e KCI (0,1%), exceto para a testemunha sem tratamento. A solugdo
estoque dos fosfitos foi preparada na concentracdo de 4 mL/L e do extrato

vegetal NEFID a 10%. A dosagem do fungicida foi de 0,5 mL/L.

Avaliacéo da producéo de conidios

Na ultima avaliagdo da severidade do oidio nas minicepas de eucalipto
tratadas a cada 14 dias (Tabela 1), foi avaliada a esporulagdo (niimero de
conidios/cm” de folha) do patogeno. Foram coletadas 6 folhas das plantas de
cada parcela que apresentavam maior severidade do oidio. As folhas foram
destacadas e colocadas em frasco de vidro contendo 60 mL da solugdo agua
mais tween 20 a 1%. Posteriormente, os frascos foram agitados em agitador

magnético (TE-140 TECNAL) por 15 min a 150 rpm. Logo apds, os frascos
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foram colocados em aparelho de ultrassom (Ultrasonic cleaner 1440D
odontobras) durante 10 min. A produgdo de conidios foi avaliada em cidmara de
Neubauer. A area foliar foi determinada através do medidor de area foliar Laser

Area Meter CI-203 CID, Inc.USA.

Producédo média e porcentagem de enraizamento de miniestacas

No ensaio descrito anteriormente, quando os tratamentos foram
aplicados a cada 7 dias, foram analisadas a produgdo média e a porcentagem de
enraizamento das miniestacas. As miniestacas foram coletadas seis dias apos a

segunda aplicacdo dos tratamentos e trés dias apos a ultima coleta.

Acdo fungitoxica direta dos tratamentos sobre o oidio do eucalipto

Através da microscopia eletronica de varredura, foi avaliado o efeito
direto dos tratamentos sobre o oidio do eucalipto. Dezessete horas apds a
aplicacdo dos tratamentos, foram coletadas folhas infectadas com o patégeno. O
preparo ¢ a analise das amostras seguiu a metodologia descrita por Medice et al.

(2007).

Analise estatistica

Os dados foram submetidos a analise de variancia (ANOVA) e outros
procedimentos de inferéncia estatistica. Os valores médios, quando
significativos, foram separados pelo teste de Scott-Knott a 5% de probabilidade.
As andlises estatisticas foram realizadas utilizando o programa R Development
Core Team (2009). A avaliagdo da normalidade e homogeneidade foi realizada
com os residuos de onde ndo se verificou desvios das pressuposi¢des envolvidas

na analise.
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RESULTADOS

Extrato vegetal NEFID e fosfitos no controle do oidio em minicepas de
eucalipto, em casa de vegetacéo

O extrato vegetal NEFID apresentou a maior eficiéncia de controle do
oidio em minicepas de eucalipto Acesita-144 (Figura 1). Os fosfitos de
potassio/manganés (K/Mn), de zinco (Zn) e de cobre (Cu) também
proporcionaram controle eficiente, diferentemente do observado para o fosfito
de potassio (K) que ndo diferiu do tratamento controle. O NEFID e os fosfitos de
K/Mn, de Zn e de Cu foram mais eficientes no controle do oidio que o fungicida

a base de piraclostrobina + epoxiconazole.
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Figura 1 Valores médios da area abaixo da curva do progresso da doenga
(AACPD) obtidos com o uso do extrato de folha de cafeciro NEFID e
fosfitos no controle do oidio, em casa de vegetacdo. Colunas com
mesma letra ndo diferem pelo teste Scott-Knott com 5% de
probabilidade

Extrato vegetal NEFID combinado ou ndo com fosfito, no controle do oidio
em jardim clonal de eucalipto

Todos os tratamentos foram eficientes no controle do oidio em
minicepas de eucalipto (Figura 2). Observa-se que os tratamentos, quando

aplicados no intervalo de 7 dias, ndo diferiram em relagdo ao controle do
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progresso do oidio em minicepas do hibrido “urocam” VM1, em jardim clonal.
Ja no intervalo de 14 dias, a mistura de 50% do extrato vegetal NEFID com 50%
de fosfito de Cu ou com 50% de fosfito de K/Mn foram os tratamentos que
obtiveram maior controle da doenca. O extrato vegetal NEFID puro e a mistura
de 25% do extrato com 75% de fosfito de Cu também se destacaram no controle
da doenca. J4 os outros tratamentos apresentaram um controle igual ao fungicida

a base de piraclostrobina + epoxiconazole.
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Figura 2 Valores médios da area abaixo da curva do progresso da doenca
(AACPD), com o uso de extrato de folha de cafeeciro NEFID,
misturado ou ndo com fosfito, pulverizados a cada 7 ou 14 dias, no
controle do oidio, em minicepas do hibrido “urocam VM1”. Colunas
com mesma letra, no mesmo intervalo de pulverizagdo, ndo diferem
pelo teste Scott-Knott com 5% de probabilidade

Avaliagdo da producéo de conidios
Todos os tratamentos interferiram na reprodu¢do do fungo, obtendo uma
baixa produgdo de conidios em relagdo aos tratamentos controle (Tabela 2).

Pode-se observar também que o tratamento a base de agua contendo KCl (0,1%)



97

mais 6leo mineral resultou em uma menor produgdo de conidios em comparagio

ao controle absoluto, que ndo foi aplicado a nenhum tratamento.

Tabela 2 Conidios produzidos/cm® de folhas de eucalipto, quatorze dias apos a
ultima aplicag@o dos tratamentos

Conidios produzidos x 10

Tratamentos conidios/cm? de folha
NEFID 042a
NEFID 25% +75% Fosf. K 0.57 a
NEFID 50% + 50% Fosf. K 0.55a
NEFID 25% +75% Fosf. Zn 0.56 a
NEFID 50% + 50% Fosf. Zn 0,59 a
NEFID 25% + 75% Fosf. K/Mn 0.52a
NEFID 50% + 50% Fosf. K/Mn 0.39a
NEFID 25% + 75% Fosf. Cu 0.34a
NEFID 50% + 50% Fosf. Cu 037 a
Fungicida (piraclostrobina + epoxiconazole) 035a
Controle (Agua) 5.60b
Controle (sem tratamento) 10.58 ¢

Médias seguidas de mesma letra na coluna nao diferem estatisticamente pelo teste Scott-
Knott com 5% de probabilidade. Em todos os tratamentos, foram utilizados o 6leo
mineral Assist (2,5 mL/L) e KCI (0,1%), exceto para a testemunha sem tratamento. A
solucdo estoque dos fosfitos foi preparada na concentracdo de 4 mL/L e do extrato
vegetal NEFID a 10%. A dosagem do fungicida foi de 0,5 mL/L

Producéo média e porcentagem de enraizamento de miniestacas

As minicepas de eucalipto que nao receberam nenhum tratamento foram
as que menos produziram miniestacas por planta (Tabela 3). Em relacdo as
formulagdes a base de extrato vegetal NEFID com os fosfitos, pdde-se observar
que as misturas do extrato com 75% fosfito de Zn, 75% fosfito de K/Mn e com
50% fosfito de K/Mn foram as que obtiveram uma menor producdo média de
miniestacas/planta. Ja as outras formula¢des ndo diferiram da testemunha a base
de agua + KCl + 6leo mineral e do fungicida, obtendo maior producdo média de

miniestacas por planta.
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Tabela 3 Produgdo média de miniestacas/planta e porcentagem de enraizamento
de miniestacas, seis dias apos a segunda aplicacdo dos tratamentos e
trés dias apds a ultima coleta

Tratamentos Producdo médiade Porcentagem de
miniestaca/planta enraizamento
NEFID 1,90 a 95,72 a
NEFID 25% +75% Fosf. K 1,48 a 97,08 a
NEFID 50% + 50% Fosf. K 1,54 a 96,36 a
NEFID 25% +75% Fosf. Zn 0,89 b 94,17 a
NEFID 50% + 50% Fosf. Zn 1,51 a 95,94 a
NEFID 25% + 75% Fosf. K/Mn 1,08 b 95,54 a
NEFID 50% + 50% Fosf. K/Mn 1,13b 97,47 a
NEFID 25% + 75% Fosf. Cu 1,55a 93,65a
NEFID 50% + 50% Fosf. Cu 1,54 a 94,79 a
Fungicida 1,78 a 87,15b
Controle (Agua) 1,29 a 97,44 a
Controle (sem tratamento) 0,29 ¢ 90,85 b

Meédias seguidas de mesma letra na coluna ndo diferem estatisticamente pelo teste Scott-
Knott com 5% de probabilidade. Em todos os tratamentos, foram utilizados o 6leo
mineral Assist (2,5 mL/L) e KCI (0,1%), exceto para a testemunha sem tratamento. A
solucdo estoque dos fosfitos foi preparada na concentragdo de 4 mL/L e do extrato
vegetal NEFID a 10%. A dosagem do fungicida foi de 0,5 mL/L

Em relacdo & porcentagem de enraizamento, observou-se que o
fungicida a base de piraclostrobina + epoxiconazole e a testemunha que nao foi
pulverizada com nenhum dos tratamentos obtiveram a menor porcentagem de
enraizamento das miniestacas coletadas (Tabela 3). Nao houve diferenca
significativa entre as formulag¢des testadas e o tratamento controle a base de agua

que proporcionaram a maior porcentagem de miniestacas enraizadas.

Acéo fungitoxica direta dos tratamentos sobre o oidio do eucalipto

Através da microscopia eletrénica de varredura (MEV), foram
verificados o efeito do extrato vegetal NEFID, dos fosfitos e das combinac¢des
desses produtos sobre o oidio do eucalipto. Pode-se observar que o extrato

vegetal NEFID foi o tratamento que obteve maior alteracdo na morfologia das
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hifas, conidi6foros e conidios do oidio em relagdo aos fosfitos (Figura 3). Os
fosfitos de Cu, Zn e K/Mn também apresentaram modificagdes na morfologia do
fungo, mas com menor intensidade em relagdo ao extrato vegetal NEFID. O
fosfito de K e o tratamento controle & base de agua + KCL + 6leo mineral
apresentaram uma pequena alteracdo nos conidios e hifas, mas essa alteragao foi
muito baixa em relagdo aos outros tratamentos.

As formulacdes do extrato vegetal NEFID com os fosfitos também
apresentaram grandes modificagdes na estrutura morfologica do oidio, tais como
lise da parede das hifas, conidioforo e murchamento dos conidios do fungo
quando visualizado por MEV (Figura 4). Pdde-se observar que os danos
causados pelas formulagdes foram mais intensos do os causados quando tratados

com o fungicida a base de piraclostrobina + epoxiconazole.
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Figura 3 Imagens de microscopio eletronico de varredura de folhas de eucalipto
infectadas com oidio e tratadas com extrato de folha de cafeeiro NEFID
(A), fosfito de Zn (B), fosfito de K/Mn (C), fosfito de Cu (D), fosfito de
K (E) e tratamento a base de dgua + KCl a 1% + 6leo mineral (F).
Observam-se alteragdes na morfologia dos conidios, murchamento e
lise da parede das hifas e conidi6éforos, principalmente com o uso do
extrato Nefid. O fosfito de K e o tratamento controle a base de agua +
KCL + o¢leo mineral apresentaram uma pequena alteracdo na
morfologia do oidio
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Figura 4 Imagens de microscopio eletronico de varredura da estrutura do oidio
em folhas de eucalipto tratadas com 50% NEFID + 50% fosfito de Zn
(A), 50% NEFID + 50% fosfito de Cu (B), 50% NEFID + 50% fosfito
de K (C), 50% NEFID + 50% fosfito de K/Mn (D), fungicida a base de
piraclostrobina + epoxiconazole (E) e tratamento controle sem
pulverizacdo (F). As imagens aqui apresentadas sdo apenas as de
alguns tratamentos, pois todos apresentaram agdo fungitoxica



102

DISCUSSAO

Com o objetivo de avaliar a capacidade do extrato vegetal NEFID e
diferentes formulagdes de fosfito no controle do oidio do eucalipto, pdde-se
observar que o extrato vegetal proporcionou um controle mais eficiente do oidio
do que os fosfitos e o fungicida piraclostrobina + epoxiconazole. Alguns
trabalhos iniciais ja tém demonstrando a eficiéncia do extrato NEFID no
controle de fitopatdogenos, induzindo os mecanismos de resisténcia no
hospedeiro (BARGUIL et al., 2005; MEDEIROS et al., 2009; SANTOS et al.,
2007).

Os fosfitos a base de Cu, Zn e de K/Mn também foram mais eficientes
que o fungicida no controle do oidio em mudas de eucalipto. J& o fosfito de
potassio nao foi eficiente. Alguns trabalhos demonstram a ineficacia do fosfito
de potassio no controle de fitopatdgenos, tais como Colletotrichum
gloeosporioides na macieira (ARAUJO; VALDEBENITO-SANHUEZA;
STADNIK, 2010), Verticillium dahliae em cacaueiro (RIBEIRO JUNIOR et al.,
2006) e até mesmo em oomicetos, como Phytophthora erythroseptica na batata
(AL-MUGHRABI et al., 2007) e P. infestans em tomateiro (NASCIMENTO et
al., 2008). Bizi et al. (2008) observaram que o fosfito de potassio a 0,6 mL/L ¢ o
fosfito de cobre a 0,2 mL/L ndo controlaram o oidio do eucalipto. No presente
trabalho, observou-se que, mesmo na dosagem de 3 mL/L, o fosfito de potassio
nao foi eficiente no controle desse mesmo patdégeno. Em relagdo fato de o fosfito
de cobre nao ter controlado o oidio, provavelmente isso tenha ocorrido em
funcdo de uma dosagem muito baixa, pois, na dosagem de 3 mL/L, obteve um
bom controle da doenga. O fato de os fosfitos de Cu, Zn ¢ K/Mn controlar o
oidio, diferentemente do fosfito de K, deve-se, provavelmente, a presenca do
cobre, do zinco ¢ do manganés que t€ém agdo fungitoxica e sdo importantes

cofatores na indugdo de resisténcia.
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Os fosfitos t€ém a particularidade de serem os tUnicos fungicidas
sistémicos que se movem na planta via floema e xilema (GUEST; GRANT,
1991; SAINDRENANT et al, 1988) sem serem metabolizados por elas
(MCDONALD; GRANT; PLAXTON, 2001), acumulando-se nas regides de
crescimento rapido, como as raizes e brotos (WHILEY et al., 1995) e 14 podendo
permanecer por meses ou anos (GUEST; GRANT, 1991; MALUSA; TOSI,
2005). Isso ¢ importante no caso dos oidios que infectam principalmente brotos
e folhas novas, os quais, durante o processo de infec¢do, podem ser diretamente
expostos aos fosfitos acumulados.

Outro objetivo desse trabalho foi avaliar a eficiéncia da mistura do
extrato NEFID com os fosfitos no controle do oidio. Foi observada uma
potencializagdo da mistura de 50% do extrato vegetal NEFID e de 50% de
fosfito de Cu ou de fosfito de K/Mn, pois essa mistura foi mais eficiente que o
proprio extrato. O desempenho de uma substancia indutora de resisténcia, como
o NEFID, provavelmente pode ser melhorado, quando esta ¢ associada a outros
indutores, como ¢ o caso dos fosfitos, ou mesmo a micronutrientes que atuam
como cofatores de enzimas envolvidas na sintese de compostos fendlicos
(SILVA et al., 2008).

Além de apresentar capacidade de controlar o oidio, a mistura entre o
extrato NEFID com os fosfitos interferiu na reproducdo do fungo, reduzindo a
producdo de conidios em minicepas de eucalipto tratadas. Segundo Tzortzakis e
Economakis (2007), a inibi¢do da esporulagdo pode ser devida a interferéncia
dos tratamentos sobre o crescimento micelial e/ou na percepcao/transdugdo de
sinais envolvidos na mudanca do desenvolvimento vegetativo do fungo para a
fase reprodutiva. Alguns trabalhos j& verificaram que os fosfitos interferem na
produgdo de esporangios e na liberagdao de zodsporos (GREENHALGH et al.,,
1994; GUEST; GRANT, 1991; PANICKER; GANGADHARAN, 1999;
WILKINSON et al., 2001). Esse resultado ¢ de grande importancia do ponto de
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vista epidemiolédgico, pois a inibigdo da reprodugdo do fungo leva a redugio do
potencial de in6culo do patogeno.

Através da microscopia eletronica de varredura, pode-se verificar a agdo
fungitdxica direta dos tratamentos através das alteracdes morfoldgicas no oidio.
Os fosfitos causaram modificagdes na morfologia do fungo, sendo menos
intensas quando tratadas com fosfito de potassio. Os fosfitos podem agir
diretamente sobre o patdégeno formando poros na membrana, levando ao efluxo
de conteudo celular e alteragcdes no potencial de membrana (FERREIRA et al.,
2007). Podem agir também nas mudangas transcripcionais de varios genes que
codificam proteinas envolvidas na biossintese dos componentes da parede
celular, sintese de aminoacidos, metabolismo de proteinas, metabolismo
energético, desintoxicagdo e estresse oxidativo, como verificado em P.
cinnamomi (KING et al., 2010). O extrato NEFID e a mistura com os fosfitos
causaram grandes alteragdes na estrutura morfoldgica do oidio. Essas altera¢des
e rompimento das estruturas dos fungos podem resultar na liberacdo de
moléculas eliciadoras, levando a uma indu¢do de mecanismos de defesa das
plantas (KING et al., 2010; PEREZ et al., 1995).

A probabilidade de altos niveis de resisténcia dos patogenos aos fosfitos
¢ reduzida por eles agirem em varios sitios de ac¢do nos patdgenos
(DOBROWOLSKI et al., 2008; GUEST; GRANT, 1991). Embora alguns relatos
de resisténcia de isolados ja ocorram, como em Bremia lactucae na alface
(BROWN et al., 2004) e P. cinnamomi em abacate (DUVENHAGE, 1994). Os
extratos vegetais possuem varios constituintes presentes na sua composi¢ao
(GODARD et al., 2009) que podem apresentar diferentes modos de agdo sobre o
patégeno. A combinagdo dos fosfitos com o extrato NEFID poderia evitar a
selecao de patdgenos resistentes por apresentar uma mistura de constituintes
com diferentes mecanismos de ag@o. Futuros trabalhos sdo necessarios para

analisar os constituintes presentes nesse extrato e nas misturas com os fosfitos.
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A mistura de NEFID e fosfito também apresentou um efeito positivo na
indu¢do de brotagdo e de enraizamento em relacdo a testemunha absoluta.
Alguns autores afirmam que os fosfitos em si ndo tém qualquer efeito
estimulante no crescimento de plantas sadias (MOOR et al., 2009; THAO;
YAMAKAWA, 2009). O fato de as misturas terem aumentado a producao de
brotos e o enraizamento deveu-se, provavelmente, ao controle do oidio. As
misturas de 50% de fosfito de zinco e 50 e 75% de fosfito de K/Mn no extrato
vegetal foram as que menos produziram miniestacas em relagdo as outras
misturas e em relag@o ao tratamento a base de agua +KCl + 6leo mineral. Uma
explicagdo para isso pode estar no fato de que as altas concentragdes de zinco e
de manganés nas misturas interferiram negativamente na producdo das
miniestacas. Diferentes espécies e cultivares de plantas podem apresentar
tolerancias distintas a altas concentragdes de metais (YRUELA, 2005).

No teste de enraizamento, somente o fungicida nao diferiu do
tratamento controle sem aplicacdo, obtendo-se uma menor porcentagem de
miniestacas enraizadas. Ferreira et al. (2008) observaram que o numero médio
de miniestacas diminuiu apenas em um dos trés clones testados apés a aplicagdo
do fungicida epoxiconazole + piraclostrobina. O que ndo foi observado neste
trabalho em relag@o ao hibrido “urocam” VM1. Os autores verificaram também
que esse fungicida diminuiu o enraizamento de miniestacas e a producdo de
biomassa de raiz de um dos clones de eucalipto testados. E de interesse obter
produtos que sejam eficientes no controle de patégeno em minicepas de
eucalipto, mas que ndo interfiram negativamente na produgdo e no enraizamento
de miniestacas.

O tratamento a base de agua contendo 6leo mineral mais KCl a 0,1% foi
mais eficiente no controle do oidio ¢ na producdo de brotos € no enraizamento
do que o tratamento em que nao se fez nenhuma aplicacdo. Nesse caso, a mistura

pode ter apresentado efeito toxico ou simplesmente a dgua livre na superficie da
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folha pode ter prejudicado o desenvolvimento do oidio. Em MEV, foi observada
pequena alteragdo na morfologia do oidio, quando 4gua contendo 6leo mineral
mais KCl a 0,1% foi aplicada.

No Brasil, ndo existe atualmente fungicida registrado para o controle do
oidio em eucalipto. No entanto, os resultados obtidos neste trabalho podem
auxiliar os pesquisadores e silvicultores a integrar o extrato NEFID e os fosfitos
em programas de controle do oidio a fim de reduzir a quantidade de produtos
quimicos aplicados em viveiros ¢ em minijardins clonais. O extrato NEFID
encontra-se em processo de desenvolvimento para ser comercializado como uma
alternativa eficiente e menos toxica para o controle do oidio em eucalipto.

Com os resultados apresentados neste trabalho, pdde-se concluir que a
mistura de 50% do extrato vegetal NEFID com 50% de fosfito de cobre ¢ o
tratamento mais eficaz no controle do oidio em eucalipto por apresentar alta
eficiéncia curativa, por ser antiesporulante e por ndo interferir negativamente na
producdo de brotos e no enraizamento das miniestacas de eucalipto. O extrato
NEFID também apresentou caracteristicas desejaveis para ser usado no controle
do oidio. Os fosfitos de Cu, Zn e K/Mn podem desempenhar um papel util como
uma alternativa e/ou método complementar no controle do oidio, mas o fosfito
de zinco e de potassio/manganés ndo devem ser aplicados semanalmente, mas
preferencialmente de forma alternada com outros produtos para ndo interferir na

producdo de brotos de eucalipto.
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CONSIDERAGCOES FINAIS

As medidas normalmente utilizadas pelos produtores de soja e de
eucalipto para o controle de doengas, entre elas a ferrugem da soja e o oidio do
eucalipto, incluem o uso de produtos quimicos. Na maioria das vezes, esses
produtos tém alto custo econdmico e necessitam de véarias aplicagdes, onerando
os custos de produgdo e causando problemas ambientais e de satide humana. O
fungicida sistémico piraclostrobina + epoxiconazole esta entre os principais
produtos utilizados para o controle dessas duas doencas. O uso continuo de
fungicidas com o mesmo principio ativo pode resultar na resisténcia do patdogeno
a esses produtos. No caso dos oidios e da ferrugem asiatica, isolados resistentes
aos fungicidas quimicos sistémicos sdo facilmente encontrados.

A identificagdo de novos compostos quimicos possibilita a obtengao de
alternativas para um manejo sustentavel desses dois patossistemas. Os o6leos
essenciais das plantas medicinais de Cordia verbenacea, Hyptis marrubioides ¢
Aloysia gratissima mostraram ser uma alternativa eficiente no controle curativo
da ferrugem da soja. Os Oleos e decoctos dessas trés espécies de plantas
medicinais demonstraram ser mais eficientes que o fungicida no controle do
oidio do eucalipto. Além de controlar diretamente o patdgeno, esses produtos
mostraram capacidade de induzir a resisténcia sist€émica em mudas de eucalipto.

Outros produtos como os fosfitos de zinco, cobre e potassio/manganés e
o extrato vegetal NEFID também foram mais eficientes do que o fungicida
utilizado pelos viveiristas no controle do oidio do eucalipto. Também se
observou, uma potencializagdo da mistura entre o extrato NEFID com os
fosfitos, com destaque para a mistura contendo 50% de extrato com 50% de

fosfito de cobre.



113

Esses trabalhos apresentaram novas alternativas que podem ser usadas
no controle do oidio e da ferrugem asiatica e que causam menores problemas
ambientais e a sauide humana, caso sejam usadas de forma adequada.

Novos testes usando esses produtos devem ser feitos em novos
patossistemas, principalmente no controle do oidio em outras culturas. Também
se deve testar as capacidades desses produtos em controlar outros patéogenos da
cultura da soja e do eucalipto, verificando sua capacidade de tornar essas
culturas inumes contra varios patdogenos importantes da cultura. Poderia também
explorar os principios ativos desses Oleos e extratos, criando formulagdes

eficazes no controle das doengas em plantas.



