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RESUMO

O nematoide Meloidogyne incognita constitui um dos principais fatores limitantes
ao estabelecimento e a sustentabilidade das lavouras cafeeiras no estado de Ronddnia. O
controle quimico (nematicida) tem sido inviavel para o cafeeiro, uma vez que, Seu uso torna-se
frequente em areas infestadas, causando assim alto custo econémico e ambiental. Visando
alternativas de controle que possa minimizar e ou substituir o uso de nematicidas quimicos,
objetivou-se nesse trabalho testar estratégias de controle contra M. incognita no cafeeiro. Este
estudo testou trés estratégias de contole, sendo: Caracterizacdo de plantas resistentes a M.
incognita componentes dos gendtipos do programa de melhoramento genético da Embrapa
Ronddnia; Controle bildgico utilizando os micororganismos, Glomus macrocarpum (Fungos
Micorrizicos Arbusculares - FMA) e cepas da rizobactéria Bacillus cereus; Controle com
extratos aquosos de plantas dos géneros Mucuna e Crotalaria. Os ensaios foram conduzidos
em casa de vegetacdo em mudas de cafeeiro com seis meses, conduzidas individualmente em
vasos de 8 L, inoculadas com 5.000 ovos. Os parametros avaliados foram: nimero de galhas
por grama de raiz (NG), numero de ovos e juvenis (J2) por planta (NO) e fator de reproducéo
(FR). Os resultados obtidos foram: Para Controle genético, seis genotipos (BRS3210, C12,
BRS2299, BRS2314, BRS3137 e BRS1216) idetificados como resistentes. Para controle
bioldgico os tratamentos: micorriza isolado, rizobactérias isolado (estirpes Rz216, Rz216 e
Rz48), e interagdo (rizobactérias + micorriza), na presenca de nematoide, mostratam eficiéncia
de controle similres ao tratamento nematicida. Para os extratos aquosos, observou-se que:
Crotalaria juncea ramo seco (CJRS), C. ochroleuca folha seca (COFLS), C. espectabilis folha
seca (CEFIS), Mucuna preta ramo seco (MPRS), C. juncea fruto fresco (CJFrF), C. espectabilis
fruto fresco (CEFrF), Mucuna preta folha seca (MPFIS), C. ochroleuca ramo fresco (CORF) e
C. espectabilis fruto seco (CEFrS) expressaram resultado similar ao nematicida. Observou-se
que as estratégias avaliadas se mostraram eficientes para o controle de M. incognita em cafeeiro.
Estudos posteriores sdo necessarios para identificagdo dos mecanismos de acao e constituintes
quimicos ativos, viabilizando, assim, novas alternativas de controle para o nematdide das galhas
no cafeeiro na regido Amazonica.

Palavras-chaves: Resisténcia genética; Controle alternativo, Controle biologico, Coffea
canephora



ABSTRACT

The nematode Meloidogyne incognita is one of the main factors limiting the
establishment and sustainability of coffee crops in the state of Ronddnia. Chemical control
(nematicide) has been unfeasible for coffee, since its use is frequent in infested areas, thus
causing high economic and environmental costs. Aiming at control alternatives that can
minimize and or replace the use of chemical nematicides, the objective of this work was to test
control strategies against M. incognita in coffee. This study tested three control strategies,
being: Characterization of plants resistant to M. incognita components of the genotypes of the
genetic improvement program of Embrapa Rondo6nia; Biological control using the
microorganisms, Glomus macrocarpum (Arbuscular Mycorrhizal Fungi - AMF) and strains of
the Bacillus cereus rhizobacterium; Control with aqueous extracts of plants of the genera
Mucuna and Crotalaria. The tests were carried out in a greenhouse on six-month-old coffee
seedlings, conducted individually in 8 L pots, inoculated with 5.000 eggs. The evaluated
parameters were: number of galls per gram of root (NG), number of eggs and juveniles (J2) per
plant (NO) and reproduction factor (RF). The results obtained were: For Genetic Control, six
genotypes (BRS3210, C12, BRS2299, BRS2314, BRS3137 and BRS1216) identified as
resistant. For biological control, the treatments: isolated mycorrhiza, isolated rhizobacteria
(strains Rz216, Rz216 and Rz48), and interaction (rhizobacteria + mycorrhiza), in the presence
of nematodes, show similar control efficiency to the nematicide treatment. For aqueous extracts,
it was observed that: Crotalaria juncea dry branch (CJRS), C. ochroleuca dry leaf (COFLYS),
C. spectabilis dry leaf (CEFIS), Black Mucuna dry branch (MPRS), C. juncea fresh fruit (
CJFrF), C. spectabilis fresh fruit (CEFrF), Mucuna black dry leaf (MPFIS), C. ochroleuca fresh
branch (CORF) and C. spectabilis dry fruit (CEFrS) expressed similar results to the nematicide.
It was observed that the evaluated strategies proved to be efficient for the control of M.
incognita in coffee. Further studies are needed to identify the mechanisms of action and active
chemical constituents, thus enabling new control alternatives for the gall nematode in coffee in

the Amazon region.

Keywords: Genetic resistance; Alternative control, Biological control, Coffea canephora
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1. INTRODUCAO

Rond6nia é o principal estado produtor de café da regido amazonica, o 5° maior
produtor nacional e o0 2° maior no cultivo do café Conilon (CONAB, 2020; IBGE, 2020). No
Estado a cafeicultura encontra-se em plena expansdo. Esta atualmente com 71,1 mil hectares,
sendo 64,9 em producédo, com estimativa de 2,4 milhdes de sacas. Ha expectativa de aumento
de 6,6% da area em producao para safra 2020.

A expensdo da cafeicultura no Estado vem ocorrendo em &reas j& antropizadas, na
maior parte em areas de pastagens degradadas. O que tem causado, problemas com incidencia
de doencas do sistema radicular em lavouras em formacdo, com destaque para nematoides (Ali
etal., 2017; Cesarano et al., 2017; Marques et al., 2019; Avelino et al., 2019).

Os nematoides parasitas de plantas estdo entre as importantes restricbes na
producdo agricola. Sendo capaz de causarem perdas de producdo que podem chegar até a 66%
dependendo da espécie e da cultura (Hassan et al., 2013; Talwana et al., 2015; Yadav, 2017).
No cafeeiro podem reduzir em média 15% da produtividade (Talwana et al., 2015; Lopes e
Ferraz, 2016; Lima et al., 2019). Por ser tratar de patogeno de solo o controle de nematoides
parasitas de plantas € uma pratica complexa. EXigindo a integracdo de métodos de controle,
sendo os mais utilizados, cultivares resistentes, rotacdo de culturas e o controle quimico, dos
quais o controle quimico é o mais frequente (Ferraz, 2018; Bernard, Egnin e Bonsi et al, 2017;
Zasada et al., 2018, Sikandar et al., 2020).

Varios géneros e espécies de nematoides atacam a planta do cafeeiro (Villain et al.,
2018; Maghuly, Jankowicz-Cieslak e Bado, 2020). Sendo o género Meloidogyne citados como
os de maior ocorrencia (Villain et al., 2013; Zambolin, 2016; Huyen et al., 2018; Liah, Indarti
e Putra, 2018; Oliveira e Rosa, 2018; Lima et al., 2019). Em Ronddnia segundo estudos
realizados por Vieira Junior, et al. (2015) o espécie Meloidogyne incognita é destacada como
principal.

Considerando a dificuldade de controle, para M. incognita, visto sua forma de
parasitimos, e sua ocorréncia generalizada no estado de Rondonia. E ainda a escassez de
nematicidas disponiveis no mercado. Levando em consideracdo que o cafeeiro é uma cultura
perene, inviabilizando técnicas de controle como a rotagdo de culturas. Buscou-se testar como
estratégias de controle em substituicdo a nematicidas quimicos, usualmente produtos com alto
grau de toxidade, conforme sistema de Agrotdxicos Fitossanitarios (Agrofit) do Ministério da
Agricultura, Pecuéaria e Abastecimento (MAPA) foram testadas neste trabalho. Resisténcia
genética de gendtipos de C. canephora provenientes do programa de melhoramento da Embrapa

Rond6nia para desenvolvimento de cultivares adaptadas ao bioma amazénico. Controle
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bioldgico e controle fitoquimico com utilizacdo de extratos naturais de plantas. Visando garantir

sustentabilidade economica e ambiental, para mitigar danos causados por M. incognita nos

cafezais do Estado de Rondonia.

1.1.0bjetivos Geral

Testar alternativas ao controle quimico contra nematoides da galhas Meloidogyne

incognita em plantas do cafeeiro.

1.1.1. Objetivos Especificos

Identificar genotipos de C. canephora, em fase final de avaliagd,o
resistentes a M. incognita para subsidiar o lancamento de novas cultivares
do programa de melhoramento genético do cafeeiro da Embrapa Rondonia.
Verificar a eficiéncia nematicida de agentes biol6gicos: Rizobactérias
(Bacillus cereus) e Fungos Micorrizicos Arbusculares (Glomus
macrocarpum), contra M. incognita em plantas de C. canephora.

Avaliar o efeito nematicida e nematostatico de extratos aquosos de plantas
de Crotalaria (Crotalaria juncea, C. ochroleuca e C. spectabilis) e Mucuna
(Mucuna aterrina e M. pruriens),contra M. incognita em plantas de C.

arabica.
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2. REVISAO BIBLIOGRAFICA
2.1.  Nematoides parasitas de plantas

Nematoides sdo vermes de corpo cilindrico, ndo segmentado e alongado, 0 nome
nematoide vem da palavra grega nema (fio). Pertencem reino Animalia, filo Nematoda.
Possuem a parede corporal constituida de trés camadas principais (cuticula, epiderme e
musculos somaticos), apresentam tamanhos variados (0,5 mm a 10 m), respiracdo tegumentar
(difusdo) e sistema digestorio completo. A maioria é dioica e apresenta dimorfismo sexual
(Warton, 2012; Shah e Mahamood, 2017; Ferraz, 2018).

Possui, geralmente, um ciclo de vida composto por seis estagios ou instares sendo:
ovo (ou embrido), quatro estagios juvenis denominados de J1, J2 J3 e J4 e aduto. O estagio
juvenil J1 e J2 ocorem antes da eclosdo. O J2 eclodido muda para J3 e depois para J4 que
muda para a fase adulta (Bridge e Starr, 2007; Stock e Goodreich-Blair, 2012; VVan Den Berg,
Marais e Swart, 2017; Shah e Mahamood, 2017; Ferraz, 2018).

Habitam grande parte dos ecossitemas terrestres e aquaticos, devido a sua vasta
cadeia alimentar que compreende de predadorismo e parasitismo de varias espécies do reino
Animalia e Plantae. Os nematoides podem ser classificados ainda como de vida livre sendo 0s
que se alimentam de bactérias, fungos, onivoros e predadores. E os parasitas que podem ser
onivoros e herbivoros (Kiontke e Fitch, 2013; Song et al., 2017; VVan Den Hoogen et al., 2019).

Os herbivoros, sdo pequenos, com tamanhos entre 12 mm a 250 mm de
comprimento e 15 a 35 mm de largura. Eles podem infestar quase todas as partes das plantas
dependendo da espécie (Bird e Warner, 2018; Mitiku, 2018). No entanto, o impacto econdmico
mais importante na agricultura é causado por espécies que parasitam as raizes das plantas
(Talwana et a., 2015; Toumi et al., 2017; Coyne et al.,2018; Thomas e Nischwitz, 2018).

Os nematoides parasitas de raizes podem ser ectoparasitas e/ou endoparasitas
migratorios e/ou sedentarios possuem estruturas especializadas denominado de estiletes que
permitem a penetracdo na raiz, além da alimentacdo no caso de endoparasitas, a exemplo 0s
nematoides de nodulos ou cisto, que induzem complexas estruturas de alimentagéo nas raizes
de seus hospedeiros (Bridge e Starr, 2007; Kionthe e Fitch, 2013; Ferraz e Brow, 2016; Lopes
e Ferraz, 2016; Igbal e Jones, 2017; Palomares-Rius et al., 2017; Berg, Marais e Swart, 2017,
Ferraz, 2018).

Entre os géneros de maior importancia na agricultura mundial pode-se citar:

Meloidogyne (nematoides das galhas); Heterodera e Globodera (nematoides dos cistros);
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Pratylenhus (nematoides das lesdes radiculares); Radopholus (nematoides do buraco);
Rotylenchulus (o nematoide reniforme) e Nacobbus, o falso nematoide das raizes (Nicol et al.,
2011; Jones et al., 2013; Singh, Hodda e Ash, 2013; Hassan et al., 2013; Igbal e Jones, 2017;
Mitiku, 2018; Bélair et al., 2018).

2.2.  Nematoide Meloidogyne incognita

O género Meloidogyne Goeldi (1887) tem sido descrito na literatura como 0s
fitonematoides com maior numero de espécies parasitarias de plantas. Cerca de 100 espécies ja
foram descritas, sendo quatro, M. arenaria (Neal) Chitwood, M. incognita (Kofoid & White)
Chitwood, M. javanica (Treud) Chitwood e M. hapla Chitwood, consideradas mais
importantes, devido a ampla distribuicdo geografica e ao seu grau de polifagia, que atinge
grande parte das culturas agricolas (Carneiro, Lima e Correia, 2017; Bernard, Egnin e Bonsi,
2017; Mitiku, 2018; Ferraz, 2018).

Dentro o género Meloidogyne a espécie M. incognita é identificada como a de
maoir ocorréncia, com presenca em quase todo hemisfério sul, principalmente em regides de
climatropical, que compreendem a faixas de temperaturas entre 18 e 30 °C. No Brasil, segundo
dados disponibilizados pela Embrapa Recursos Genéticos e Biotecnologia (2019), existem 1560
citagdes literarias, que compreendem ao periodo de 1878 a 2006, ao género Meloidoyne e 40%
é inerente a M. incognita (Singh et al, 2013; Jones, et al., 2013).

A biologia do M. incognita lhe garante grande eficiéncia de propagacéo,
proporcionando e alto indice de parasitismo. Sua reproducdo se da por via assexuada,
partenogénese mitética. Fémeas sdo dominantes na espécie. O ciclo reprodutivo € de 25 dias
em média, em condic¢des favoraveis (Ferraz e Brown, 2016; Ferraz, 2018).

O ciclo de vida de M. incognita consiste em seis estagios ovo, J1, J2, J3, J4 e
adultos. Sendo apenas o estagio J2 (mdvel), capaz de infectar as raizes do hospedeiro. Apés a
infecgdo os estagios adicionais de desenvolvimento ocorrem dentro da raiz da planta, ou seja,
nos locais de alimentacédo, no entanto, os juvenis J3 e J4 tém natureza sedentaria (Escobar et al,
2015). O J4 muda para adulto fémea ou macho (raramente), o0 macho adulto recupera sua
motilidade e sdo capazes de deixar a raiz, enquanto as fémeas permanecem sedentarias,
aumentam seu tamanho e passam a ter forma globosa, denominada de formato péra (fruta) e
ovopositam seus ovos fora da raiz em uma matriz gelatinosa de glicoproteina que serve como
protecdo contra predadores e perda de 4gua, uma fémea produz em torno de 400 ovos por ciclo
(Bird, Opperman e Williamson, 2009; Perry e Moens, 2011; Escobar et al, 2015; Bernard, Egnin
e Bonsi, 2017; Sikandar et al., 2020).
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O J2 ao penetrar a raiz da planta induzem a formacdo de um grupo de células
chamadas sincitios, células gigantes ou galhas nas proximidades da vasculatura radicular
(Bartlem, Jones e Hammes, 2014; Rodiuc et al., 2014; Escobar et al, 2015). A formacéo de
células gigantes é facilitada pela liberacdo de compostos proteicos (efetores) e secrecdes ndo
proteicas como o proposito de manipular o funcionamento da célula para, primeiro, suprimir o
sistema imunoldgico do hospedeiro e, segundo, estabelecer o sitio de alimentacdo (Rehman,
Gupta e Goyal, 2016; Palomares-Rius et al., 2017; Siddique e Grundler, 2018; Sato, Kadota e
Shirasu, 2019; Vieira e Gleason, 2019).

O estabelecimento do sitio de alimentacdo (células gigantes) além de causar a
deformacéo fisica da raiz, servem de entradas para outros patogenos orportunistas e prejudica
a translocacao de seiva, que podem causar reducdo no crescimento, amarelecimento e casos

mais severos a seca e morte da planta (Ferraz, 2018; Mitiku, 2018; Sikandar et al., 2020).
2.3.  Cafeeiro Coffea canephora

O café, bebida oriunda da torra dos grdos do cafeeiro, € uma das bebidas mais
consumidas no mundo. Sua disseminacdo e propagacao se iniciaram ap0s o dominio de técnicas
de plantio e preparo da bebida pelos arabes (Melo, Silva e Nunes, 2018; Ataides, Cunha e
Santos, 2019).

A producdo comercial na cafeicultura provém basicamente de duas espécies: Coffea
arabica e Coffea canephora. A espécie C.arabica, conhecida popularmente como café arabica,
apresenta bebida mais leve, adocicada, o que Ihe proporcionou certa preferéncia do consumidor,
logo, maior valor comercial, representando 59,47% da producdo mundial (IOC, 2020).
Enquanto a espécie C. canephora conhecida popularmente como café canéphora, conilon e
robusta, por apresentar bebida mais forte com maior amargor e menor acidez é comercialmente
utilizado para compor blends com café arabica e fabricacéo de café expresso e cafés sollveis
(Innocentini, 2015; Ferréo et al, 2017; 10C, 2020).

A espécie C. canephora € diploide (2n = 22), uma das principais caracteristicas que
a diferencia da espécie C. arabica que é tetraploide (2n = 44), e é uma planta alégama, com
fecundacdo cruzada, gerando uma variabilidade genética maior comparada a C. arabica que €
autogama (Hamon et al., 2015; Loor SoloRzano et al., 2017; Akpertey et al., 2018; Dubberstein
et al., 2020).

Devido a autoincompatibilidade, a propagacdo vegetativa para a espécie C.

canephora é mais recomendada (Partelli et al., 2014; Ramalho et al., 2016). Com ressalvas para
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o plantio ser composto de mais de um clone para que ocorra a fertilizagdo (Melo e Sousa, 2011,
Fonseca et al., 2013; Moraes et al.,2018).

A diversidade genética da C. canephora é promissora para o desenvolvimento de
novas variedades via hibridagdo com melhor rendimento e resisténcia a pragas e doencas, pois
populacbes com diversidade genética reduzida como é o caso de C. arabica sdo mais
vulneraveis as mudancas ambientais (Camargo, 2010; Venturini et al., 2013; Braganca et al.,
2016).

Variedades de C. canephora sdo mais adaptavel a &reas de cultivos com diferenca
na precipitagdo efetiva, taxa de evapotranspiragdo, topografia, capacidade de retencdo de
umidade do solo, textura do solo, taxa de infiltracdo do solo e escoamento. Basicamente sdo
duas as principais variedes cultivadas para fins comerciais, Conilon e Robusta (Ferreira et al,
2019). Estudos de modelagem climética, para 0 mapeamento das areas de cultivo com café,
preveem reducdo das propensas areas produtoras de C. arabica com a mesma qualidade de
bebida tipica existente atualmente. (Jesus Junior et al., 2012; Martins et al., 2015; Hameed et
al., 2020).

O consumo de café é emergente em todo o mundo, especialmente no sudeste da
Asia, na Peninsula Arabica e Europa Oriental, 0 que tende a impulsionar o setor produtivo
(Vegro e Almeida, 2020). Atualmente os cafés sdo rotulados como Extra Forte, Tradicional,
Superior e Goumert. O Goumet representa café de origem especial, valorizado pela
especializacdo gastrondmica, que impulsiona uma expansdo para o comércio de C. canephora
em contraponto a majorietariedade existente a espécie C. arabica (Teles e Behrens, 2020).

A producdo mundial de café ultrapassa 10 milhGes de toneladas. Sendo o Brasil o
maior produtor com aproximadamente quatro milhdes de toneladas (FAO, 2020; IOC, 2020).
No Brasil, Minas Gerais, Espirito Santo, Sdo Paulo, Bahia e Rondénia sdo responsaveis por
97% da producdo. Sendo, Minas Gerais, Sdo Paulo e Bahia os maiores produtores do café
arabica e Espirito Santo, Ronddnia e Bahia de café canéfora, somando em torno de 570 mil
toneladas (CONAB, 2020; IBGE, 2020).

Rondénia € o maior produtor da regido Norte e ocupa a 5 posicao nacional, possui
por volta de 11 mil propriedades que desenvolve a atividade da cafeicultura. Atualmente o
Estado esta com cerca 64 mil hectares em producdo, com uma estimativa de produgéo de 118
mil toneladas (CONAB, 2020; IBGE, 2020).

O café gerou para Ronddnia no ano de 2019 uma receita de mais de 715 milhdes de
reais (MAPA, 2020), sendo 0 2° produto de maior expressao, compondo 23% do valor bruto de
producéo das atividades agricolas.
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A cafeicultura rondoniense vem evoluindo significativamente. Nos Gltimos 10 anos
a produtividade média saiu de 10 sacas por hectare para mais de 30 (CONAB, 2020; IBGE,
2020). Tal fato € atribuido a plantios de variedades mais produtivas e pelo uso da propagacéo
vegetativa na produgao de mudas, reduzindo assim a variabilidade das plantas, proporcionando
uniformidade de crescimento, maturagdo e producdo (Espindula e Partelli, 2011; Ramalho, et
al., 2014; Ramalho et al., 2016; Muniswamy et al.,2017; Santos e Silva, 2017; Teixeira, et al.,
2019; Espindula, et al., 2019).

Atualmente, além de a cultivar BRS Ouro Preto, foram registradas mais dez novas
cultivares para cultivo nas condi¢cbes ambientais do bioma amazonico, conforme Registro
Nacional de Cultivares — RNC do Ministério da Agricultura, Pecuaria e Abastecimento
(Ramalho et al., 2014; Espindula et al, 2019).

Paralelamente, existem outros gendétipos implantados no Estado, selecionados pelos
proprios cafeicultores, com altos indices de produtividade. Mas até o momento sem
conhecimento cientitico do comportamento destes e sua adaptabilidade ao ambiente regional, o
que pode expor a cafeicultura rondoniese a alguns intemperes (Rocha et al., 2015; Cheng et
al., 2016; Carvalho et al., 2019; Maghuly et al., 2020).

Mesmo com essa incerteza, a selecéo de gendtipos, seja impirica e/ou cientifica tem
proporcionado melhoras, como qualidade de bebida, tamanho de peneira, resistencias a pragas
e doecas, além dos ganhos de produtividade. O café de Ronddnia vem se destacando no
mercado dos cafés de bebidas especiais e se colocando entre os melhores cafés canéforas do
Brasil (Coffee of the Year, 2018; 2019). Os cafeicultores rondonienses tém buscado a
modernizacdo e a tecnologia para manter e expandir a producdo visando ndo s6 o mercado

nacional, mas o internacional (Santos e Silva, 2017).
2.4.  C.canephora x M. incognita

Entre os patdgenos que acometem os cafezais numerosos géneros e espécies de
nematoides tém sido associados ao café em todo o mundo, incluindo alguns que séo
responsaveis por significativos danos e/ou mortalidade de plantas, resultando em perdas
econOmicas para os cafeicultores e economias locais (Talwana, et al., 2015; Sipes e Myers,
2018; Villain et al, 2018; Maghuly, Jankowicz-Cieslak e Bado, 2020).

Os nematoides da galhas séo considerados 0s mais agressivos capazes de causarem
prejuizos significativos na cultura do café, entre as espécies consideradas mais prejudicias,
sendo, destaca-se a M. incognita (Barros et al., 2014; Vieira Junior et al., 2015; Santos, et al.,

2018; Liah, Indarti e Putra, 2018). Na interacdo de M. incognita com o cafeeiro, as raizes
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apresenta deformacdes como engrossamentos, nas raizes mais velhas e lignificadas intercalando
com partes sadias. Rachaduras, fendilhamentos e escamacdes com descolamento dos tecidos
corticais (descorticamento) podem também ser observados (Vieira Junior e Fernandes, 2015;
Ventura, Costa e Lima, 2017; Zambolim , 2016; Lima, et al., 2019).

A resposta de infecgdo e patogenicidade de M. incognita em C. canephora esta
relacionada ao patdgeno e a capacidade de resposta da planta (Oliveira, et al., 2011; Wangai, et
al., 2014). A resisténcia da planta envolve além de mecanismos fisicos e ou quimicos, que
podem ser barreiras fisicas como pilosidade e ou producdo de exsudados que impegam a
penetracdo de juvenis J2 na raiz. A existéncia de respostas elucidadas também por mecanismos
bioquimicos e genéticos, pos infeccdo.

A relacdo planta-patogeno é complexa e 0 sucesso do parasitismo depende da
capacidade do nematoide em estabelecer interacfes compativeis com o hospedeiro. Espécies
polifagas como M. ingonita, poduzem uma variedade de diferentes efetores e supressores que
dificultam seu controle (Cabrera et al., 2015; Ali et al.,2017; Hewezi e Baum, 2017; Kaloshian
e Teixeira, 2019; Meijas et al.,2019).

Sugerindo uma interacdo gene-a-gene especifica que provavelmente é controlado
por mais de um gene de resisténcia (Lima et al., 2015). Sendo a distribuicdo do genoma do
nematoide ndo aleatoria e sugerindo a ocorréncia de regides gendmicas mais propensas a sofrer
duplicacdes e perdas em resposta a pressdo de selecdo da resisténcia do hospedeiro
(Albuquerqgue, et al., 2017; Castagnone-Sereno, et al., 2019).

Entretanto mesmo em plantas resistentes podem ser observados danos diretos no
sistema radicular também alteram a fisiologia das plantas de cafeeiro. Plantas infectadas por
nematoides apresentaram reducdo na altura e teor de amido. Bem como reducdo na
transpiracdo, condutancia estomatica e concentracdo de CO2, menor teor foliar de P, K, Mn e
Fe quando comparadas as plantas saudaveis (Goulart et al., 2019).

Levando a danos na parte area da planta como: amarelecimento seguido de declinio,
gueda prematura das folhas e queda de producdo. Geralmente esses sintomas ocorrem em
reboleiras, sendo mais frequentemente observados e com maior severidade na fase de
enchimento e maturacdo dos frutos, ou seja, do meio para o final do ciclo produtivo,
principalmente em solos arenosos (Dias Arueira, et al., 2012; Talwana, et al., 2015, Zambolim,
2016; Ventura, Costa e Lima, 2017).

Muitas da vezes quando se manifestam 0s sintomas na parte area, 0s danos podem
ser confundidos com nutricdo, e o diagndstico podera ocorrer tarde de mais, para adogédo de

medidas de controle. As medidas de controle recomendadas para nematoides se baseiam em
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métodos genéticos, quimicos e culturais (Vieira Junior et al., 2014). Sendo o uso de nematicidas
quimicos tradicionamente mais usado, mas a aplicacdo repetida € prejudicial ao meio e na
salude humana, podendo produzir efeitos fitotoxicos na cultura do café (Cepeda-Siller et al.,
2018).

2.5.  Métodos alternativos ao controle quimico (nematicida) para nematoides das galhas

O controle de fitonematoides é constituindo na utilizacdo de manejos integrados
composto pela juncdo dos controles quimico, genético, cultural e fisico, e biologico. A
biotecnologia também é uma forte aliada no controle de fitonematoides, pois, além de promover
a selecdo de variedades resistentes, possibilita a identificagdo e prospeccéo de novas técnicas
de controle (Ferraz e Brown, 2016; Bergamim Filho e Amorim, 2018; Silva e Figueiredo,
2018).

O controle de nematoides no cafeeiro é uma pratica dispendiosa, pois trata-se de
uma cultura perene e sabe-se que uma vez a area (solo) infestado, dificilmente se consegue sua
erradicacdo. Para que se tenha éxito no controle, hd necessidade de aplicacdo constante de
nematicidas, o que resulta em alto custo, econémico e ambiental (Vieira Junior e Fernandes,
2015; Zambolim , 2016; Ventura, Costa e Lima, 2017; Lima, et al., 2019).

A adocdo de técnicas biotecnoldgicas para o controle de nematoides, tem sido alvos
de pesquisas ndo soO para explorar a resisténcia genética natural da planta ou para aplicar formas
sintéticas de resisténcia, mas para identificar outras formas de resisténcia como aquelas
baseadas na interrupcdo das células de alimentacdo, expressdo de proteinas especificas ou
peptideos, no silenciamento de genes (RNAI) ou na entrega de compostos toxicos ao nematdide
(Matsuo et al., 2012; Fosu-Nyarko e Jones, 2015; Silva e Figueiro, 2018).

A busca por variedades do cafeeiro resistentes a nematoides, faz necessario a
triagem em grande escala de germoplasmas. O uso de cultivares resistentes no Brasil visando o
controle de Meloidogyne spp. iniciou em 1940 no Instituo Agrondmico de Campinas (IAC), na
cultura da batata. Na década de 60 ja havia se expandido para a cultura da cana de acUcar e do
café. A partir de 1887 quando diagnosticado Meloidogyne exigua em cafezais do Rio de Janeiro
por E. Goeldi, evidenciou-se a necessidade de busca por genotipos resistentes a Meloidogyne
spp. para a cultura do café, dado a constatacdo do dano severo em gendtipos suscetiveis (Ferraz
e Brown, 2016).

Os programas de melhoramento do cafeeiro geralmente contam com espécies
diploides relacionadas a C. canephora. Grande parte baseiam-se em cruzamentos

interespecificos e intraespecificos, entre as espécies C. arabica e C. canephora, resultando em
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novas cultivares que apresentem além da produtividade, resisténcia a pragas e doencas. Em C.
canephora plantas resistentes a nematoide das galhas além de serem utilizados como porta
enxertos para especies de C. arabica, podem ser fontes de resisténcia em programas de
melhoramento (Ramalho, et al., 2009; Salgado, Rezende e Nunes, 2014; Santos, et al., 2018;
Oliveira, et al., 2018).

Avaliando genotipos de C. arabica provenientes de cruzamentos intra e
interespécies com C. canephora, Peres, et al. (2017) observaram variacfes de respostas para
resisténcia a M. incognita, apenas 8 dos 18 genotipos avaliados foram considerados resistentes,
e segundo os autores essa resisténcia pode ser atribuida ao geno6tipo Amphillo. Confirmando
que a selecéo de gendtipos resistentes é viavel para o melhoramento de plantas de café contra
nematoides das galhas Meloidogyne spp.

Outra estratégia de controle que tem demostrado bons resultados em pesquisas é o
contole biolégico. Os principais organismos estudados no controle bioldgico de fitonematoides
sdo fungos e bactérias. O uso de rizobactérias tem demonstrado resultados promissores no
controle de M. incognita. Os géneros mais promissores incluem Bacillus, Pseudomonas,
Clostridium e Streptomyces (Almagharobi, Massoud e Abdelmonein, 2013; Kaur, et al., 2016;
Turatto, et al., 2018; Alves de Almeida, de Souza e de Araujo, 2018).

Dentre as Rizobactérias o género Bacillus tem demonstrado maior potencial no
controle M. incognita. Ann (2013), obteve efeito nematicida em ensaio in vitro de 76,4 % contra
juvenil J2 em 2 hs apds inoculagdo e 100% ap6s 12 hrs. E uma reducédo de 60,95 na populacao
de M. incognita em em raizes de plantas de Pepper vine. Em tomateiro, a eficiéncia de controle
de B. mycoides R2 contra M. incognita foi de 90,94% (Luo et al., 2018). Bacillus subtilis via
tratamento de semente e via pulverizacdo foliar foi eficaz tdo quanto ao nematicida quimico,
em plantas do feijoeiro (Oliveira et al, 2017).

Além das rizobactérias promotoras de crescimentos, outros microorganismos que
estabelecem simbiose com raizes de plantas podem apresentar também potencial de controle
bioldgico contra fitonematoides, como é o caso dos fungos micorrizicos arbusculares (Berbara,
et al., 2006; Pozo, et al., 2013; Wani, et al., 2017; Dhiman et al., 2019).

O biocontrole de nematoides das galhas por fungos micorrizicos, envolve
complexas relagdes que vao desde a expressao génica, a mudangas transcriocionais, hormonais
e enzimaticas no hospedeiro, a uma composicao e nivel de exsudados radiculares alterados,
quem pode impactar na infecgdo das raizes pelo nematoide, no quesito incubagéo, motilidade,

qguimiotaxia. Podendo também causar mudangas na rizosfera que poderam alterar a interecéo
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planta-patdgeno, o que significa que estudos caso a caso terdo que ser realizados para resultar
em aplicacdes de campo de FMA (Schouteden, et al., 2015; Bajaj, et al., 2017;).

Foram observados por Vos, et al. (2012) a reducdo de 45% da populacdo de M.
incognita em plantas de tomate em plantas micorrizadas com Glomus mosseae. Segundo 0s
mesmos autores o efeito da interagdo micorriza e planta contra nematoide, possibilitou a
identificacdo de genes relacionados a defesa especificamente, na interacdo de biocontrole, em
comparagdo com as testemunhas que eram apenas micorrizas ou apenas nematoide. Indicando
a exiténcia de priming de defesa induzido por micorrizas (Vos, et al, 2013).

Além o efeito do biocontrole contra nematoides proporcionada pelas micorrizas
arbusculares, a combinacdo com outros agentes bioldgicos pode melhorar a eficiéncia sobre o
controle populacional do patdgeno. Ja que a micorriza além de proporcionar ganhos
agrondmicos a planta, por meio da producdo de hormdnios naturais de crescimento e
disponibilizagdo de elementos nutricionais, € capaz de induzir a resisténcia sistémica
(Lamovsek, Urek e Trda, 2013; Silva e Figueiredo, 2018).

Associacdo com rizobactérias promotoras de crescimento (tém mostrado imenso
potencial para controlar nematoides (Hussain et al. 2016). O Biocontrole associando micorrizas
arbusculares com rizobacterias contra M. incognita em plantas de tomateiro, mostrou aumentar
0 crescimento da planta e reduzir a populcdo de nematdides, indicando seu potencial de
biocontrole para 0 manejo de nematoides (Sharma e Sharma 2017).

Outra forma de controle alternativo é o uso extratos de plantas antagbnicas, e ou
repelentes a nematoides. Visando a prospec¢do de novas moléculas, devido a maioria apresentar
compostos nematostaticos, que tem a capacidade de paralisar o juvenil (J2) e compostos que
tenham efeito nematicida (Coltro-Roncato, et al, 2015; Moreira e Ferreira, 2015; Aminu-Taiwo,
Fawole e Claudius-Cole, 2015; Martins e Santos, 2016).

Testando efeito nematicida em tomateiros aos 60 dias apds inoculacdo, Mateus, et
al. (2014), obteve efeito com os extratos de Erythrina mulungu e Verbena officinalis. Os
extratos Ruta graveolens, Conyza bonariensis, e Brassica napus demonstraram também efeito
nematicida reduzindo o nimero de galhas nas raizes e o fator de reproducdo de M. incognita
em tomateiro (Kuhn, et al., 2015).

Phyllanthus amarus aplicado como extrato aquoso de folhas apresentou maior
efeito nematicida em condigdes in vitro e em tomateiro (Khan, et al., 2019). Extratos boténicos
de Aegle marmelos e Prosopis cinerarea reduziram a incidéncia de galhas em plantas de Coleus
forskohlii (Soumana, Trivedi e Trivedi, 2015).
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Entre a gama de espécies que vem sendo estuda a uma observagdo maior para
plantas do género Mucuna e Crotalaria (Rocha, et al., 2017). Plantas de Mucuna pruriens
reduziu em 79% a populacédo de de nematdides de galhas e Crotalaria spectabilis 85% ap6s 90
dias (Oseli, et al., 2010). Mucuna aterrima e Crotalaria spectabilis também apresentaram 0s
menores fator de reproducédo e populacdo final quando inoculadas com Meloidogyne spp
(Giraldeli, et al., 2017). O uso de Crotalaria Juncea como adubo verde em plantio sucessivo
de berijela, reducédo a populacdo de nematoides na area e cultivo (Patel e Dhillon, 2017).

Considerando o custo na implantacédo e cultivo de cafeeiro, e o dificil controle de
nematoides em solos infestados. Estratégias de controle que proporcione, aumento de
rendimento e menor custo, sdo expectativas desejaveis para a cafeicultura. Estudos visando

testar estas estratégias se fazem necessario.
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ABSTRACT

Root-knot disease is among the main diseases affecting coffee crop. The plant selection to the
development new resistant cultivars is among one the most efficient methods of control. The
present work aimed to quantify the resistance responses of Coffea canephora clones to root-
knot nematode Meloidogyne incognita in the Western Amazon. For this, 17 previously selected
clones were evaluated in three experimental trials, carried out in the municipalities of Ji-Parana
and Porto Velho, Rondonia. The resistance to root-knot nematodes M. incognita were evaluated
by the numbers of gall in the roots (NG) and by the reproductive factor (RF). The resistance
response was also interpreted according the genetic diversity of the clones based in their
morphological traits. The clones BRS3210, C12, BRS2314, BRS3137 and BRS1216 are
resistant to M. incognita with RF of 0.34, 0.62, 0.79, 0.86 and 0.98, respectively. BRS3213,
C125, C15, BRS2336, BRS3220 and C09 clones were classified as susceptible, with RF of
1.93,1.95, 2.00, 2.31, 2.32 and 2.35. The BRS3193, C160 and BRS2357 clones were classified
as very susceptible, with RF values of 3.03, 4.41 and 5.82, respectively. The clustering based
on the genetic diversity of morphological traits indicated that genotypes more similar to the
Robusta botanic variety had lower RF. The hybrid plants showed intermediate degrees of
resistance indicating the segregation for the character of the M. incognita resistance. The clones
BRS3210, C12, BRS2299, BRS2314, BRS3137 and BRS1216 expressed resistance responses
to M. incognita with potential for growing resistant genotypes in the Western Amazon.

Key words: Coffee; root-knot disease; plant breeding; Amazonian.

A Versdo aceita revista Coffe Science (em edicéo)



33

1. INTRODUCTION

Brazil is the second largest coffee producer of the species Coffea canephora with
production of 14.3 million bags (60 kg) of hulled coffee (CONAB, 2020). This culture is a
relevant source of income for hundreds of municipalities being important to the generation of
jobs in the field. The state of Rondonia is the third largest producer of C. canephora in Brazil,
after the states of Espirito Santo and Bahia. Its coffee-growing area consists of approximately
73 thousand hectares, with mean annual production of 1.9 million bags (60 kg) of hulled coffee
(CONAB 2020; Ministry of Agriculture, Livestock and Supply - MAPA 2020).

Among the factors that can limit coffee yield, pests and diseases is one of the most
important (Van Der Vossem, et al., 2015; Zambolim, 2016a; Avelino, et al., 2018; Oliveira, et
al., 2018a; Myers, et al., 2020). Plant-parasitic nematodes have an important economic impact
on coffee in most coffee-producing countries. Economic losses may vary considerably,
depending on the species, the population density and the susceptibility of the host cultivar
(Fatobene, et al., 2018). Among the most harmful species are the Meloidogyne exigua Goldi
1887, M. incognita (Kofoid & White) Chitwood 1949 and M. paranaensis Carneiro, Almeida
& Carneiro (1996). M. incognita has been the species with the highest occurrence in C.
Canephora crops in the state of Rondbénia, and the one with the greatest economic impact
(Vieira Junior et al., 2015). Causing the death of plants up to two years old, the damage caused
to the root system reduces the absorption capacity of water and nutrients (Goulart, et al,. 2019;
Ventura, et al. 2019). It also exposes the root to others diseases such as Fusarium wilt and
Rizoctonia damping-off (Vieira Junior et al., 2015; Lopez-Lima et al., 2018).

The field control of plant parasite nematodes is limited and usually does not bring

satisfactory results (Ferraz and Brown, 2016; Zambolim, 2016a; Ebone, Kovaleski; Deuner,
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2019). Some practices such as crop rotation may not be viable, once the M. incognita has a
large host range. Chemical control is also limited, as it causes adverse effects to the environment
and loses its efficacy over time (Zambolim, 2016b).

Plant selection of C. canephora genotypes with resistance to root knot nematodes may
be considered in the development of new resistant cultivars (Lima, et al., 2015; Fatobene et al.,
2018). Of the 32 genotypes of C. canephora evaluated by Santos et al. (2018a), it was observed
that nine showed higher susceptibility to M. incognita. In a study of 73 wild Coffea spp, plants
were identified 18 genotypes of C. canephora resistant to Meloidogyne spp. (Aribi et al. 2018).
C. canephora clones resistant to Meloidogyne spp. are an alternative to coffee production in
infested areas, including those areas traditionally cultivated with C. arabica (Salgado, et al.,
2020).

With the objective of selecting resistant genotypes, clones with characteristics of the
Conilon and Robusta botanical varieties were characterized to their reaction to the root-knot

nematode M. incognita (Est 12).

2. MATERIAL AND METHODS

Seventeen previously selected genotypes (Oliveira, et al., 2018b; Spinelli, et al., 2018)
were evaluated by the following morphological and productive traits: plant height, number of
productive plagiotropic branches, distance between rosettes of the plagiotropic branch, number
of coffee beans per rosette, number of rosettes per plagiotropic branch, length of plagiotropic
branch, length and width of leaves, number of days for fruit ripening and coffee bean size. The
genotypic value of production was estimated based on production of hulled coffee using the
BLUP (Best Linear Unbiased Prediction) method (Table 1).
Table 1. Clones of Coffea canephora evaluated for Meloidogyne incognita resistance on three
experiments (trials) performed in the municipalities of Ji-Parand and Porto Velho - RO.

Treatments Clones Origin
1 Apoata-2258 Robusta IAC 2258-1 S2
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2 K98M-0125 Cultivar BRS Ouro Preto

3 K98M-0160 Cultivar BRS Ouro Preto

4 BRS 2357 Cultivar BRS Ouro Preto

5 BRS 2299 Cultivar BRS Ouro Preto

6 C09 Emcapa 03 x Robusta 640

7 C12 Emcapa 03 x Robusta IAC2258-1 S2
8 C15 Emcapa 03 x Robusta IAC2258-1 S2
9 C750 Open pollinated hybrid

10 BRS 2336 Open pollinated hybrid

11 BRS 3137 Open pollinated hybrid

12 BRS 3193 Open pollinated hybrid

13 BRS 3210 Emcapa 03 x Robusta IAC2258-1 S2
14 BRS 3213 Emcapa 03 x Robusta IAC2258-1 S2
15 BRS 2314 Emcapa 03 x Robusta 640

16 BRS 1216 Emcapa03 x Robusta 1675

17 BRS 3220 Emcapa 03 x Robusta 1675

The M. incognita inoculation agent was extracted from samples of roots taken from
under the canopy of naturally infested crop fields in the municipality of Ji-Parana, RO
(10°52°53”’S, 61°30°45>°W, altitude 159 m) (Santos et al., 2017). In order to identify the
species of the rootknot nematode, enzymatic characterization of the esterase profile was
performed in the Embrapa Temperate Climate Plant Pathology Laboratory - RS, according to
the methodology of Carneiro & Almeida (2001). Using females of Meloidogyne javanica as
control samples, the observed esterase profile was of a single typical pattern of M. incognita
(Est 12) (Santos et al., 2017). The inoculum was kept in greenhouse, alternating its
multiplication in tomato and coffee plants forming an inoculum bank. This inoculum was
registered in the “Sistema Nacional de Gestdo do Patrimbnio Genético e do Conhecimento
Tradicional Associado - Sisgen” under access code number AF69FBC.

To quantify the resistance response to M. incognita of the C. canephora clones, three
tests were carried out: the first and the second trials were evaluated at Embrapa Rondénia —
Porto Velho, RO (8 ° 47 '38, 44 "'S, 63 ° 50'47.93 "O) from September 2017 to February 2018
and from July to December 2018. The third trial was evaluated at the Lutheran University of

Brazil (10 ° 51'44.36" S, 61 57'29.33 "O) in Ji-Parana- RO from July to December 2018. All
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tests were performed in a greenhouse "chapel model”, covered with 120 micron anti-UBV
plastic film with front and side ventilation.

For the tests, seedlings with six months of development and six pairs of leaves were
transplanted to 8-liter pots containing sterilized substrate composed of natural soil and sand
1:1. Each coffee plant was inoculated separately by irrigation of the substrate in the pot with 10
ml of suspension containing 5000 eggs + second stage juveniles (J2) of M. incognita (Est 12).
For this evaluation, the roots of each plant were separated from the shoots, washed, and
weighed, and the number of galls were counted in 3g of root. After that, the roots were
processed according to the methodology of Boneti & Ferraz (1981) to determine the number of
eggs and the reproduction factor (RF) of M. incognita (RF = final population / initial population)
(Oostenbrink, 1966). To calculate the RF, the number of nematode eggs extracted from each
coffee plant were counted on a Peter’s slide under a light microscope.

The classification of the resistance levels was based on the criteria proposed by Moura
and Regis (1987). The immune genotypes were those with 100% reduction in the reproduction
factor (RF). The resistant were those with 99 to 51% of reduction and the susceptible ones those
below 50% of reduction. The most susceptible genotypes presented RF estimates higher than
the susceptible controls.

Each genotype inoculated with M. incognita represented a treatment, using six
replications for each clone arranged in a completely randomized design. The Apoatd-2258 and
BRS2299 were used as resistant controls, due to their previously known resistance to M.
incognita (Santos et al., 2017). The open pollination clones C750 and C125 were used as
susceptible controls due to their susceptibility to nematodes, as observed in the tests carried out
by Santos et al. (2017; 2018a).

The significance of the effect of clones on the resistance response was individually
tested in each experiment, according to the model described by Cruz, Regassi and Carneiro
(2012) (Equation 1):
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Y, =m+G; +E; 1)

Where Y7 refers to the observation of the ith genotype in the jth replication; M is the
experimental average; G, is the effect of the ith genotype (clone); and E;; is the experimental

error that affects all the observations.

After that, the homogeneity of residual variances was verified and a joint variance
analysis was performed, to quantify the effect of the interaction between genotypes and
experiments. Each experiment was interpreted as a different environment, according to the

model described by (Cruz, Regazzi and Carneiro, 2012):
Yi =m+G; +A; +GA; +E; 2
Where Y, refers to the observation of the ith genotype in the jth environment; M is
the experimental average; G, is the effect of the ith genotype (clone); A;it is the effect of the
jth environment; GA, is the effect of the interaction between the ith genotype and the jth
environment and E;, is the experimental error.

In order to quantify the proportion of total variance due to genotype and environmental
effects, estimates of genotypic, environmental and phenotypic variance were obtained using the
least squares estimation method (Cruz et al., 2012). From the variance components were
estimated the heritability in the broad sense, the genotypic and environmental coefficients of

variation and the intraclass correlation (Rocha et al., 2015).

3. RESULTS AND DISCUSSION
The effect of the genotype x environment interaction was significant for the resistance
traits: number of galls, number of eggs and reproduction factor; indicating differences in the
resistance response of the clones (Table 2). To achieve higher precision and accuracy of the RF

estimates, three biological tests were interpreted.
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The change in the resistance response evaluated in different tests can be of simple
nature, when there is no alteration in the classification of the resistant genotypes. Or this change
can be of complex nature, when there is modification in the RF classification (Cruz et al., 2012).
For this reason the RF estimates were interpreted individually in each experiment (Table 2).
Table 2. Analysis of variance of gall number (NG), number of eggs (NO) and nematode
reproduction factor (FR) evaluated at 17 clones of the botanical varieties Conilon and Robusta

in experiments carried out in Porto Velho - RO and Ji-Parand, RO, 150 days after inoculation
with 5000 eggs of Meloidogyne incognita.

FV GL NG! NO? RF
Treatments 16 3,60** 15,66** 24,28**
Genotypes (GEN) 12 1,22N8 16,56** 24,44%*
Control (CTRL) 3 14,53** 16,35** 30,03**
Groups 1 8,21* 7,17NS 16,74NS
Environments (ENV) 2 9,09** 14,18** 8,42**
GEN x ENV 32 9,33** 4,28** 5,29**
Residue 255
Total 305
Average overall 8,92 246,84 1,94
Average susceptible Control 10,23 358,56 2,25
Average Resistant Control 3,54 39,57 0,37

!Data transformed to the square root of the value. **: significant at 1% probability. GL: degrees of freedom, NG:
number of galls, NO: number of eggs, RF: Reproduction factor.

The heritability measures the relative proportion between the genotypic and
environmental variances in expression of the resistance (Almeida, Cruz and Resende, 2016).
The number of eggs (NO) and the reproduction factor (RF) presented mean heritability
estimates higher than 90%, indicating predominant genetic control, with potential for selection
gains (Table 3). Lower estimate of heritability was observed for the gall number trait, indicating
higher environmental influence.

Several factors can affect the results of a challenge between pathogen and host.
Biological factors such as inoculant virulence, seedling development, substrate composition,
inoculation conditions, greenhouse humidity, temperature and solar irradiation, may be
considered (Hua, 2013; Mohawesh and Karajeh, 2014; Carvalho, et al., 2015; Ozalp and

Devran, 2018). In addition to standardizing the conditions of the biological tests, the principles
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of agricultural experimentation were considered to interpret all these factors together, as effects
of the environment.

The characteristics that have the higher coefficients of variation were RF>NO>NG
(Table 3). Santos et al. (2017) observed similar magnitude estimates in the the evaluation of the
cultivar ‘BRS Ouro Preto’ to M. incognita (Est 12). Estimates of the coefficient of genetic
variation (CVgy) above the coefficient of environmental variation (CVe) characterize a favorable
condition to obtain gains with the selection of resistant plants. The CVy/CVe ratio showed an
amplitude of 0,35 for NG and 2,76 for RF indicating that the second trait had higher genetic
variability than the first one.

Table 3. Genetic parameters estimates of nematode number of galls (NG), number of eggs (NO)
and reproduction factor (RF) evaluated in 17 clones of the botanical varieties Conilon and

Robusta in experiments carried out in Porto Velho - RO and Ji-Parand, RO, 150 days after
inoculation with 5000 eggs of Meloidogyne incognita.

Genetic Parameters NG NO RF

Sq 0,03 36,47 2,40

oy 0,37 5,10 0,25

o; 0,25 11,60 0,31

h? 18,16 93,96 95,91

p 4,67 68,60 80,82

Cv, 5,88 42,00 72,50

CV, 17,83 24,92 28,89

cv,/cV, 0,35 1,77 2,76

5;: genotypic variance, Gﬁ: phenotypic variance, 2 : environmental variance, h?: heritability for selection
based on genotype average p : intraclass correlation, cV,: genotypic coefficient of variation, CV, : environmental
coefficient of variation, cv, /CVe - ratio of genotypic and environmental coefficients of variation.

Although used as a criterion to classify plant resistance to nematodes, other authors have
reported limitations in the use of the number of galls for the diagnosis of resistance (Saucet, et
al., 2016; Barcala, et al., 2016; Sato, et al., 2019); since resistant plants can form galls in the
presence of few nematodes and susceptible plants might not produce galls (Santos et al., 2017).
According to Araujo Filho and Dallagnol (2018), the resistance response of plants does not

prevent the penetration of roots by juveniles (J2). Lima et al. (2015) show that the defense
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response of the roots of C. canephora was later activated by the formation of giant cells, with
inhibition and degradation of the nematode feeding sites, instead of obstructing the root
infection. Thus, the characteristic number of galls was not considered for discrimination of
resistant genotypes.

As expected, the treatments used as resistant and susceptible controls showed significant
differences in the resistance traits means (Table 2). The reproduction factor of 0.37 of the
Apoatd-2258 and BRS2299 treatments indicates that these clones, also classified as resistant by
Santos et al., 2018a, showed resistance to M. incognita. Such results confirm the resistance of
the Apoata cultivar which has been used as an alternative in control of root-knot nematodes.
The Apoaté IAC 2258 is recommended as rootstock resistant to Meloidogyne spp. in Sdo Paulo
for planting grafted seedlings in areas infested with the nematodes M. exigua and M. incognita
(Kofoid & White) Chitwood and M. paranaensis (BARBOSA, et al., 2014; ANDREAZI, et al,
2015).

The reproduction factor of 2.25 estimated from the susceptible treatments C750 and
C125 indicates the higher susceptibility of these clones. The use of susceptible clones is also
important to check on the inoculum'’s virulence, understood as the pathogen's ability to multiply
within the host (Lima, et al., 2015; Peres, et al., 2017; Santos, et al., 2018b). These results are
similar to those obtained by Santos et al. (2017; 2018a) who observed reproduction factor
averages of 0.36 and 1.59 in different experiments evaluated in Western Amazonia.

For the classification of resistance of C. canephora genotypes to M. incognita (Est 12)
the clones were ordered according to the reproduction factor reduction (RFR), using Linn and
Binns classification criteria that considers performance and stability in all experiments (Table
4). The classification of resistance or susceptibility was based on the criteria presented by

Moura and Regis (1987).
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The clones BRS 3210, C12, BRS 2314, BRS 3137 and BRS 1216 expressed reduction
of the reproduction factor (RF) higher than 51% being considered as resistant. The clone BRS
3210 showed higher reductions in the RF than the positive control BRS 2299. Clones BRS
3213, KM98-0125, C15, BRS 2336 and C09 expressed a reduction in reproduction factor of
less than 50% and were classified as susceptible to knot-root nematode M. incognita. In turn,
clones BRS 2357, KM98-0160 and BRS 3193 were considered very susceptible, being more
susceptible than susceptible control C750.

The reproduction factor (RF) showed an amplitude ranging from 0.34 (BRS 3210) to
5.82 (BRS 2357), similar as observed in another studies. Aribi et al. (2018) observed amplitude
from 0.0 to 3.1 in the evaluation of 13 genotypes. Amplitude of 0.34 to 8.4 was also observed
by Lima et al. (2015), after 8 months of inoculation with a population of 10.000 eggs.

In order to compare the genetic diversity to the resistance response, the clones were
grouped according to their morphological characteristics (Figure 1). The plants of the Robusta
botanical variety were distinguished by their higher vegetative vigor, which reflect in their
higher height, plagiotropic branch length, distance between rosettes, number of rosettes per
branch, leaf length and width compared to the clones of the Conilon botanical variety. The
dendrogram indicated the formation of four distinct groups according to the similarity of the
clones, whether from the botanical variety Conilon, Robusta or intervarietal hybrids (Figure 1).

The group | formed by clones C750, BRS 2357 with traits of the Conilon botanical
variety presented higher average reproduction factor (RF = 4.18). The group Il formed by clones
KM98-0160, KM98-0125, BRS 2336, BRS 2299 and BRS 3137 and the group I1I by clones
BRS 3210, BRS 3213, C15, BRS 3220, BRS 1216, C09, BRS 2314 and BRS 3193 are
characterized by clustering plants with hybrid traits among the Conilon botanical varieties and

Robusta. These groups had lower mean reproductive factor estimates than the first group of
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2.08 and 1.63 respectively. And at last, the group IV formed by the clones Apoatd and C12 that
have predominant Robusta traits, presented lower mean of the reproduction factor (RF = 0,39).

Table 4. Reproduction factor (RF) and reproduction factor reduction (RFR) of 17 Coffea
canephora clones of the Conilon and Robusta botanical varieties in experiments carried out in
the municipalities of Porto Velho - RO and Ji-Parand, RO, 150 days after inoculation with 5000
eggs of Meloidogyne incognita.

Linnand RFR
Average

Genotypes  Expl Exp2 Exp3 (RF) Binns (%) Classification®
Ordering
Apoatd-2258 0,18 0,03 0,03 0,08 1 96.86 Resistant
BRS3210 0,28 032 043 0,34 2 86.67 Resistant
C12 043 035 108 0,62 3 75.69 Resistant
BRS2299' 0,78 05 07 0,66 4 74.12 Resistant
BRS2314 098 037 1,03 0,79 5 69.02 Resistant
BRS3137 063 092 1,03 0,86 6 66.27 Resistant
BRS 1216 1 092 102 098 7 61.57 Resistant
BRS 3213 16 18 238 1,93 8 21.57 Susceptible
K98M-01252 15 1,7 265 195 9 24.31 Susceptible
C15 187 223 19 2,00 10 23.53 Susceptible
BRS2336 2,78 193 223 231 11 9.41 Susceptible
BRS3220 2,07 178 31 2,32 12 9.02 Susceptible
C09 247 187 27 2,35 13 7.84 Susceptible
C750° 222 282 262 255 14 0.00  Highly Susceptible
BRS 3193 2,73 225 41 3,03 15 -18.82  Highly Susceptible
K98M-0160 4,97 3,07 5,2 4,41 16 -72.94  Highly Susceptible

BRS 2357 585 42 742 5,82 17 -128.24  Highly Susceptible

!Resistant control, 2Susceptible control. Expl: Porto Velho (September 2017 to February 2018). Exp2: Porto Velho
(July to December 2018.), Exp3: Ji-Parana (July to December 2018). 3Classification according to Moura and
Regis (1987).

In addition to the lower plant reproduction factor of the Robusta botanical variety,
resistance segregation is also observed in hybrid plants, with very resistant hybrid clones such
as BRS 3210 and very susceptible ones, like as BRS 3193. The segregation of the resistance
response indicates that the genotypes must be evaluated individually regardless of their

genealogy or other morphological traits.
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Many studies of nematode resistance have indicated the action of few genes with greater
effect (PASSIANOTTO, et al., 2017; MOTA, et al., 2020). There are also other results, that
indicate the action of lesser effect genes that have evolved over time, according to the gene-for-
gene theory (BELL, et al., 2019, PRZYBYLSKA A. and OBREPALSKA-STEPLOWSKA,
2020). In C. canephora, the plant-pathogen response mechanism is related to a hypersensitivity
response, which occurs shortly after root penetration and establishment of a feeding site,
starting an attack and defense gene interaction between pathogen and host (LIMA et al., 2015;
MAGHULY, JANKOWICZ-CIESLAK and BADO, 2020).

This pattern was also observed by Albuquerque et al. (2017) in C. arabica response
against M. incognita. These authors observed that plant defense genes were suppressed in
susceptible plants, unlike the resistant ones that showed a rapid hypersensitivity response
shortly after the establishment of the feeding site.

According to Ferraz (2018) and Ventura et al. (2019) the strategies to reduce the
population of phytonematodes in field are biological, chemical and genetic, the latter being the
most efficient and economically viable. Therefore, the selection of resistant clones is one of the
most promising alternatives to minimize the damage caused by nematodes in the coffee culture,
keeping the nematode populations below the level of economic damage (FATOBENE, et al.,
2018; REZENDE, et al., 2019; SALGADOQO, et al., 2020). The clones BRS 3210, C12, BRS
2314, BRS 3137 and BRS 1216, showed resistance to M. incognita. Thus constituting an

important factor for the management and control of gall nematodes in the region.
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Figure 1. Dendrogram obtained by the UPGMA method, classifying the 17 Coffea canephora
clones in relation to ten morphological traits evaluated in the first production. The letters C, R
and H identify clones with predominant traits of the botanical varieties Conilon, Robusta or
intervarietal hybrids. The cutoff point established at the greatest distance between the groups
identifies the clusters I, I1, 111 and IV that present different reproductive factors (RF).

4. CONCLUSION
At 150 DA, the C. canephora clones BRS 3210, C12, BRS 2299, BRS 2314, BRS 3137
and BRS 1216 expressed resistance response to M. incognita, indicating potential for selection
in coffee breeding programs of genotypes resistant to root nematodes. The number of eggs + J2
is a more reliable trait, for evaluating resistance to M. incognita in C. canephora, than to
characteristic number of galls. The segregation of the resistance response indicates that the
genotypes must be evaluated individually regardless of their genealogy or other morphological

traits.
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Abstract

Plant parasitic nematodes are among the disease-causing most important of coffee
production. Among the species that have the greatest importance for national coffee
growing are those belonging to the genus Meloidogyne spp. given its aggressiveness and
environmental plasticity. In this sense, the aim of this work was propose the use of isolates
of Arbuscular Mycorrhizal Fungi of the species Glomus macrocarpum and Growth
Promoting Bacteria or Rhizobacteria (PGPR) of the species Bacillus cereus, obtained
from roots of Coffea canephora health plants in commercial coffee plantations, as
biological control agents against Meloidogyne incognita. The experiment was carried out
in vitro and in vivo. Each plant (eight-liter pot) was inoculated with a suspension
containing 5,000 eggs + M. incognita J2. At 150 days, Reproduction Factor (FR), number
of galls per gram of roots (NGGR), fresh root mass (MMFR), number of AMF spores in

the soil were evaluated. In the in vitro strains of rhizobacterias treatments Rz140 and

AVersdo preliminar submetido a revista Acta Amazonica, estando sujeito a alteragdes pelo conselho
editorial da revista.
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Rz212 showed greater larvicidal effect while treatment Rz216 was more efficient as
ovicide. In the in vivo test the treatments, G. macrocarpum isolated, B. cereus isolated
strains (Rz212, Rz216 and Rz48) and interaction with mycorrhiza showed similar control
efficiency to nematocidal treatment (Carbofuranthe) reducing RF at least 89% compared
to water control. Interaction between control agents, rhizobacteria B. cereus and AMFs
G. macrocarpum indicates that the association brought benefits to both species, requiring
a deeper study of the interaction for better understanding related to the interaction plant-
microorganism-pathogen.

Keywords: Bacillus cereus, Glomus macrocarpum, biological control, Meloidogyne
incognita, PGPR

INTRODUCTION

Brazilian coffee production has represented, for several years, a third of the global
harvest (Vieira, et al., 2019). Brazil is the largest producer, exporter and second largest
consumer of coffee in the world. Coffee is a relevant source of revenue for hundreds of
municipalities, with more than 264 thousand rural establishments, of which about 80%
are considered family farming, according to the 2017 Census of Agriculture (IBGE,
2020).

Among the diseases that affect coffee growing in Brazil, the pathogens that attack
the root system stand out (Vieira Junior and Fernandes, 2015). Among these, the root knot
nematode (Meloidogyne spp.), With emphasis on the species M. incognita (Barros et al.,
2014; Vieira Junior et al., 2015; Oliveira and Rosa, 2018). The control of plant parasitc
nematodes in perennial crops such as coffee is more difficult when compared to annual
crops. Its eradication is practically impossible, or technically and economically unviable
(Penrith et al., 2019). Basically, the control methods are summarized in varietal control,

cultural control and chemical control (Ferraz, 2018).
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The chemical control of nematodes in implanted coffee plantations has a high cost,
high toxicity to man and the environment, and little efficiency in reducing damage and
losses (Zambolim, 2016; Ventura, Costa and Lima, 2017). The consecutive use of
nematicides can cause a sterilization of the environment (biological vacuum), taking the
resurgence of the pathogen to more severe levels (Vieira Junior and Fernandes, 2015).

Alternatives that aim to reduce costs and improve quality with less interference in
the balance of the environment and that result in benefits for all links in the production
chain have been an increasing focus within the national production chain. Biological
control has proven to be feasible against various pathogens and pests in recent years as a
substitute for chemical control. It is a method of combating pests and diseases of
agricultural importance, using natural enemies, such as predatory insects, parasitoids and
microorganisms (fungi, bacteria and viruses) (Medeiros et al., 2018).

Recent studies demonstrate that biological agents can act to reduce aggression as
well as the survival of the pathogen or pest, drastically reducing its damage (Botrel, et al.,
2018; Morris et al., 2018; Laborde, et al., 2019; Ranjini and Naika, 2019; Silva, et al.,
2019).

Focused on biological control of the root knoot nematode, caused by Meloidogyne
incognita, in Coffea canephora, this work evaluated the effect of the interaction of
autochthonous isolates of Bacillus cereus Plant Growth Production Rhizobacteria
(PGPR) with Arbuscular Mycorrhizal Fungi (AMF's) in the in vitro and in vivo control of

the pathogen.

MATERIAL AND METHODS

Location and characterization of the area
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The experiment was carried out in the city of Porto Velho, in a greenhouse “chapel
model”, 120 micron anti-UBV plastic film cover, shade net with 30% solar radiation
block, with frontal and lateral ventilation, at the Research Center Agroforestry of
Rondonia - Embrapa Rondonia (8 ° 47'38.44 "'S, 63 ° 50'47.93" O), from January to July
20109.

In order to carry out this work, the microbial isolates obtained in advance were
registered in the National System for the Management of Genetic Heritage and Associated

Traditional Knowledge (SISGEN) under access code n°® A613C64.

Obtaining the Meloidogyne incognita inoculum and preparing the suspension

In order to obtain M. incognita inoculate, nematode samples were collected from
the soil in the canopy projection of naturally infested plants, located in coffee plantations
in the city of Ji-Parand-RO. With the establishment of the pure sample, enzymatic
characterization of the esterase profile was performed using the electrophoresis technique
(Carneiro and Almeida, 2001) in the Phytopathology laboratory of Embrapa Clima
Temperado - RS to identify the species (Santos et al., 2017). This isolate was identified
as Meloidogyne incognita Estearase Group 12. Pure samples from egg mass from a single
female were multiplied in 'Santa Cruz Kada' tomato plants, kept in a greenhouse. The
inoculum was maintained in tomato and chicory plants, alternating its multiplication with

coffee plants in a greenhouse, with the replacement of the host species every 60 days.

For the extraction of nematode eggs, the method described by Bonetti and Ferraz
(1981) was used. To calibrate the suspension (5.000 eggs + J2 / pot), the eggs + J2 count

was performed using a stereomicroscope and the counting chamber (Peters chamber).
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Obtaining and isolating rhizobacteria and preparing the suspension

The strains were collected in rhizosphere planted with healthy canephora coffee
from the Experimental Fields of Embrapa Rondonia in the units of Porto Velho, Ouro
Preto do Oeste, Machadinho do Oeste, and in the cities Itapud do Oeste and Colorado do
Oeste (Silva, 2017). Four strains of rhizobacteria of the species Bacillus cereus, named
as follows: Rz48, Rz140, Rz212, Rz216, pre-selected from test results performed by Silva
(2017) were used. Rhizobacteria were grown in Petri dishes with Kado & Heskett (1970)
culture medium and taken to growth in culture chamber, type BOD at 28 ° C for a period
of 24 hours. After the multiplication of the rhizobacteria, the colonies were scraped from
the medium with the aid of a Drigalski loop and a suspension suspension with sterile
mineral water of each isolate was prepared, at the absorbance concentration of 0.4 A,
determined in a spectrophotometer at 540nm. At the same time, in a colony-forming unit
counting test in a 1:10 serial dilution of the suspension sample, it was determined that at

0.4 A540nm there were 1.0 x 108 CFU.mL™? after 24 hours of culture.

DNA extraction sequencing and identification of Bacillus isolates

The inoculum of Bacillus isolates was introduced into 10 mL of Kado and Heskett
(1970) culture medium and incubated at 24 ° C for 16 hours in an orbital shaker. A 2 ml
aliquot of each culture was centrifuged at 12000 g for 5 minutes until the cells
precipitated. To obtain the bacterial genomic DNA, the CTAB method protocol was used
(Warner, 1996). The identification at the molecular level was carried out by amplifying
the 16S rRNA gene, for this purpose a polymerase chain reaction (PCR) was performed
using the 27F forward primer (5'-AGAGTTTGATCCTGGCTCAG-3 ') and the 1525R

reverse primer ( 5-AAGGAGGTGATCCAGCC-3 ") (Weisburg et al. 1991; Paes et al.
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2012). The amplification reactions were performed using a final volume of 25 pL, which
contained 300 ng of genomic DNA, 20 mM Tris-HCI, pH 8.4, 50 mM KCI, 1.5 mM
MgCl2, 100 uM of each deoxynucleotide triphosphate (AATP, dCTP, dGTP and dTTP)
(GE Healthcare Life Sciences, Buckinghamshire, UK), 12.5 pmol of each primer and 0.5
units of Taqg DNA polymerase (Amersham Biosciences, Sdo Paulo, Brazil). The PCR
reactions were performed on a PTC-200 thermocycler (MJ-Research Inc., Maryland,
USA) programmed for an initial denaturation step (4 min at 94 ° C) followed by 35 cycles
of Iminat 94 ° C, 1 minat 55 ° C and 2 min at 72 ° C. The last cycle was followed by a
single final 10 min extension at 72 ° C. The presence of PCR products of the expected
size was confirmed by the analysis of 2 uL of the PCR product in electrophoresis in 1.0%
agarose gel and staining with ethidium bromide. The DNA was purified from the rest of

the PCR reaction using the KIT PCR GFX (GE Healthcare).

The readings obtained after sequencing were analyzed and the contigs were
assembled using the Codon Code Aligner 8.0.1 platform (CodonCode Corporation,
Dedham, MA, USA). The sense sequences 3'-5 'were edited with the Reverse
Complement software (http://www.bioinformatics.org/sms/rev_comp.html), to obtain the
reverse complement of the sequences. After correcting the direction of the contigs, the
molecular identification was carried out comparing with the DNA sequence of the
database, with the BLAST tool (Basic Local Alignment Search Tool)
(https://blast.ncbi.nlm.nih.gov / Blast.cgi), at the NCBI-National Center for
Biotechnology Information- (https://www.ncbi.nlm.nih.gov) (Altschul et al. 1990). For
comparisons, the “Megablast” algorithm and identification in the database with the option

“Taxonomy reports” were used, where the organisms in the database were organized by
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the largest number of occurrences similar to the Bacillus sequence. The values of

coverage and identity were assessed as well.

AMPF spore extraction, isolation and identification

To extract the spores from the AMFs, 50 cm? of soil from corn and brachiaria
plantations from the experimental field of Embrapa Rond6nia, in the city of Porto Velho,
were used. The extraction was performed following the wet sifting technique
(Gerdermann and Nicolson, 1963). After extraction, the spores were transferred to a Petri
dish and randomly separated into two groups, one part used to inoculate coffee plants
(100 spores per plant / pot) and the other part, containing 10 spores, arranged on the slide
with Meltzer reagent and observed under an optical microscope, with bright field
illumination and immersion objective, for species identification. AMF species were
identified according to Schenck and Perez (1988) and using the morphological descriptors
of the International Culture Collection of Arbuscular Mycorrhizal Fungi
(http://invam.caf.wwu.edu/). The taxonomic characters observed were: number and type
of layers of the spore walls and their reaction to the Melzer reagent; characteristics of
internal walls, when present; morphology of the spore supporting hypha; and variation in

the color and size of the spores.

Rhizobacteria in vitro assay

The test was carried out in 1.5 ml Eppendorf tubes, placing 100 pl of the
suspension containing 50 eggs of M. incognita, together with 100 pl of one of the
respective treatments (Rz216, Rz212, Rz140 and Rz48). The tubes were maintained in

culture chamber type B.O.D. for 15 days at a temperature of 25° + 1C, in the dark. On the
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sixteenth day, the parameters of the number of eggs and hatched juveniles and those who

were active were evaluated.

In vivo assay

Coffee seedlings of clone 750 Coffea canephora, (belonging to the Active
Germplasm Bank of Embrapa Rondonia) considered susceptible to Meloidogyne
incognita, at six months of age, were transplanted into plastic pots with a capacity of 8
liters, containing soil in proportion 2: 1 of soil-sand, autoclaved for 1 hour in an autoclave

at 121 ° C, 1.1 atm. In each pot, a coffee seedling was transplanted.

At 15 days after transplanting, the plants were inoculated with a 20 ml suspension
containing 100 spores of AMFs of the species Glomus macrocarpum. After 30 days of
inoculation with AMFs, the plants received a volume of 100 ml of suspension of each
rhizobacteria isolate at 0,4 Assonm. And after a period of 24 hours to the application of the
rhizobacterium suspension, 10 ml of the nematode suspension close to the root,
containing 5,000 eggs + J2 of M. incognita, was applied.

Every 30 days, a equal rhizobacterial suspension applications were carried out, as
previously described, until 90 days were completed. 150 days after the inoculation date
(DAI), coffee plants were evaluated for reaction to M. incognita. For this, the roots of
each plant were separated from the aerial part, washed, weighed, evaluated for the number
of galls and processed (Boneti and Ferraz, 1981) to evaluate the number of eggs and
determine the reproduction factor (RF = final population / initial population)

(Oostenbrink, 1966).
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To obtain the number of galls (NG) and number of eggs (NO) per plant, the results
of fresh root weight (FRW) were used, to calculate the reproduction factor (RF) the (NO)
was considered as the final population.

Counting the number of galls and egg mass was performed based on the scale of
grades proposed by Taylor & Sasser (1978) to obtain the gall index (GI) and egg mass
index (EMI), thus: grade O (without galls and / or egg masses); grade 1 (1 to 2 galls and /
or egg masses); grade 2 (3 to 10 galls and / or egg masses); grade 3 (11 to 30 galls and /
or egg masses); grade 4 (31 to 100 galls and / or egg masses); grade 5 (more than 100

galls and / or egg masses).

Experimental design

The in vitro experiment was conducted in a completely randomized manner (DIC)
with six replications, each Eppendorf being considered a repetition. Four treatments
called Rz216, Rz212, Rz140 and Rz48 were evaluated, with 02 water and nematicide
controls (Carbofuran) in the commercial dose dose (According recommendations present

in AGROFIT®) calculated for the volume of the suspension (200uL).

The in vivo experiment was conducted in DIC with 21 treatments with six
repetitions, with each plant / pot considered a repetition. The treatments performed are
described below: 4 strains of B. cereus (Rz48, Rz140, Rz212, Rz216) inoculated
individually, isolated and in interaction with G. macrocarpum against M. incognita, and,
isolated without interaction with M. incognita (control). G. macrocarpum against M.
incognita and isolate (control), Water and Nematicide (Carbofuran) in the commercial

dose (M. incognita controls) (10 liters / ha / 40cm deep) calculated for the pot volume (8
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liters). The data were submitted to Analysis of Variance (ANOVA) and the treatment

averages compared by Scott Knott's test at 5% probability by the GENES® program.

RESULTS

The B. cereus strains showed nematicidal activity against M. incognita expressing
the same effect as the nematicidal chemical control, reaching an inhibition percentage

higher than 72.8% (Table 1).

Table 1. Nematocidal effect of B. cereus strains against M. incognita (Est 12) in in vitro

— Treatment % inhibition *
Nematicide 88,012 b
Rz48 80,548 b
Rz212 79,359 b
Rz140 73,493 b
Rz216 72,843 b
Water 27,008 a

* eggs and J2 immobile. Means followed by the same letters do not differ statistically from each other by
the Scott Knott test at 5% probability.

The nematicidal effect of rhizobacterial isolates, when evaluated separately
against hatching and motility of hatched J2, showed that the Rz 216 treatment expressed
greater inhibition on hatching compared to the other treatments, with an inverse effect in
relation to J2 motility (Table 2).

Table 2. J2 hatching inhibition and nematotoxic effect of B. cereus strains against M.
incognita (Est 12) in in vitro assay.

Treatment % egg % J2 immobile
Rz48 35,17 Aa 45,37 Ba
Rz140 21,37 Aa 52,12 Bb
Rz212 33,34 Aa 46,02 Bb

Rz216 55,32 Bb 17,52 Aa
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Means followed by the same uppercase letters in the vertical and lowercase letters in the horizontal do not
differ statistically from each other by the Scott Knott test at 5% probability.

In in vivo tests with C. canephora seedlings in a greenhouse, strains of B. cereus
rhizobacteria and spores of the AMF species G. macrocarpum, expressed nematicidal
potential for both rhizobacteria and isolated AMF, and in the interaction between them,

when compared with each other.

All treatments showed a reduction in the Reproduction Factor (RF) when
compared to the “uncontrolled” water treatment. Even the treatment with the Rz140 strain
that presented higher RF when compared to the nematicide control (FR 0.07) both for the
isolated treatment (Rz140 = RF 2.63) and for the treatment with AMF interaction (Rz140
+ AMF = RF 1.79) showed a reduction of approximately 3 times when compared to the

RF of the water treatment (RF 6.75) (Table 3).

Table 3. Nematicidal effect of mycorrhize colonization with G. macrocarpum, of B.
cereus strains and of the biological interaction between G. macrocarpum and B. cereus
under the Reproduction Factor (RF) and Gall Index (GI) of the M. incognita gall
nematode in coffee seedlings after 150 days of inoculation.

Treatment Reproduction factor Gall index
Nematicide 0,07 a 0,07 a
Rz212 + AFM 0,11a 1,33a
AFM 0,18 a 3,33b
Rz48 + AFM 0,18a 2,50b
Rz212 0,29 a 2,83b
Rz216 + AFM 0,6la 3,33b
Rz48 0,68 a 4,16 b
Rz216 0,73a 2,66 b
Rz140 + AFM 1,79b 3,83b
Rz140 2,36 b 4,33 Db
Water 6,75 ¢ 2,33 b

Means followed by the same letters do not differ statistically from each other by the Scott Knott test at 5%
probability.
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Analyzing the spore density of AFM G. macrocarpum present in the soil, it
appears that the interaction with M. incognita affected the spore density in the soil when
compared to mycorrhizal plants without interaction (AFM = 1.853 > AFM + nematode =
1.070 spores / 50mL of soil). It is observed that for the AFM interaction and treatments
Rz48 and Rz140 the interaction with the pathogen M. incognita was significant for
reducing spore density (Table 4).

Table 4. Number of G. macrocarpum spores extracted from soil in coffee seedlings after
180 days of mycorrhize colonization and 150 days of inoculation with M. incognita.

Treatment N° of spores AMFs
(50 mL of soil)

Rz212 + AFM + nematode 2.036 a

AFM 1.853 a

Rz216 + AFM 1.766 a

Rz48 + AFM 1.671a

Rz216 + AFM + nematode 1.641a

Rz140 + AFM 1501 a

Rz212 + AFM 1.120b

AFM + nematode 1.070 b

Rz48 + AFM + nematode 782 ¢

Rz140 + AFM + nematode 652 ¢

Means followed by the same letters do not differ statistically from each other by the Scott Knott test at 5%
probability.

It was also observed that the development of the root system of the coffee
seedlings, showed a response to fresh mass of different roots for the treatments. Treatment
with AFM at first indicates a reduction in the development of the root system. The AFM

treatment alone showed less fresh root mass (12.29 g). Also reducing for the interaction
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with Rz140 and Rz216 in comparison and these traits without interaction with AFM

Table 5. Fresh mass of root of coffee seedlings of mycorrhize colonization of the
biological interaction between G. macrocarpum and B. cereus of inoculation with M.

incognita.

Treatment Root grams
Water 50.60 a
Rz216 47.54 a
Nematicide 46.66 a
Rz140 43.54 a
Rz140 + nematode 41.35a
Rz48 + AFM + nematode 38.94 a
Rz48 36.76 a
Rz216 + nematode 35.95a
Rz212 + AFM 35.80 a
Nematode 35.65 a
Rz48 + AFM 34.05a
Rz48 + nematode 33.72a
Rz212 + nematode 33.14a
Rz212 3142 a
Rz140 + AFM + nematode 26.22 b
Rz140 + AFM 21.34 Db
Rz212 + AFM + nematode 18.92 b
Rz216 + AFM 18.67 b
Rz216 + AFM + nematode 17.25b
AFM + nematode 16.40 b
AFM 12.29b

Means followed by the same letters do not differ statistically from each other by the Scott Knott test at 5%

probability.
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DISCUSSION

When comparing the inhibition on hatching and motility of J2 within the same
treatment, only the Rz48 treatment did not express a difference, its inhibition being the
same for both variables. The treatments Rz140 and Rz212 showed greater nematotoxic
effect against J2, while the treatment Rz216 was more efficient as an ovicide since its

inhibition was greater against the outbreak of J2”s.

In testing rhizobacteria in vitro to control M. incognita in stage J2, Xiang et al.
(2017) observed that among all the strains evaluated, the genus Bacillus spp. was the one
that obtained the highest percentage of mortality for J2 when compared to the other
genders. The authors also observed that there is variation between the strains tested. The
authors tested 14 strains of B. cereus and the results ranged from 50.3 to 94.3% in J2
motility. This is consistent with the results of this study, as the Rz216 treatment showed
a lower control potential than J2 (17.52%) while RZ140 expressed 52.12%, reaffirming
the variation of the control effect according to the strain of the same species according to

Xiang et al. (2017).

Strains of Bacillus spp showed nematicidal activity in in vitro treatments, causing
more than 65% mortality in juveniles of M. incognita as also observed by Zhou et al.

(2016).

Gao et al., (2016) in the purification of compounds produced by Bacillus cereus
concluded that the sphingosine compound can severely inhibit nematode reproduction.
According to the authors, sphingosine, being an 18-carbon amino alcohol with an
unsaturated hydrocarbon chain, can easily act on tissues or organs enriched with lipids.

Thus, explaining the nematocidal as well as ovicidal action of rhizobacteria genus
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Bacillus spp. The authors obtained a mortality action of 90.96% in an in vitro treatment
under J2 of M. incognita. These results was similar as the obtained in this study,

demonstrating which Bacillus isolates can act with a strong ovicidal action.

In addition to secondary metabolic as shown by the authors Gao et al. (2016) there
are studies that prove the nematicidal action also of enzymatic activities produced by
rhizobacteria of the genus Bacillus spp. Yang et al. (2013), observed that enzymatic
activities (chitinase and proteases) are capable of degrading the nematode cuticle and the
egg house. Facts also observed by Lee et al (2014); Chen et al. (2015); Castaneda-Alvarez

et al. (2015) and Zheng, et al. (2016).

In this work, we observed that the action of the cells of the rhizobacterium Bacillus
cereus on the eggs of M. incognita (Figure 1). Confirming the ability of eggshell to break

down by rhizobacteria.

y B .
) ¥
= f‘) -
. 4

Figure 1. Visualization under optical microscopy of the action of Bacillus cereus
cells on M. incognita eggs in an in vitro assay.

The treatments G. macrocarpum isolated (mycorrhiza + nematode), B. cereus
isolated strains (Rz212, Rz216 and Rz48 + nematode) and interaction (Rz212, Rz216 and
Rz48 + mycorrhiza + nematode) showed similar control efficiency to the nematicide

treatment (Carbofuran). It was also observed that despite the lack of statistical
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significance, the interaction between control agents, rhizobacteria B. cereus and AMFs
G. macrocarpum behaved in a tendency of numerical reduction of RF, in relation to

treatment with B. cereus isolated.

Assessing the nematocidal effect against M. incognita of the interaction AMF
(Rhizophagus irregularis) and growth-promoting rhizobacteria (Pseudomonas spp.) In
tomato plants Sharma and Sharma (2017) found that the interaction between species was
beneficial in controlling the pathogen, according to the authors, the interaction increased
the plant's defensive enzymes. Also evaluating the interaction between AMF and

rhizobacteria Flor-Peregrin, et al. (2014), obtained positive results from the interaction.

It is noted that despite the reduction in RF provided by treatments, both did not
prevent infection of the pathogen. With the exception of the RZ212 + mycorrhiza +
nematode treatment, all the others did not differ between the control (water) regarding the
number of galls. Thus, indicating that the effect of colonization under the pathogen was

post-infection, which may indicate a resistance-inducing action.

AMFs have been the subject of studies as phytonematode control agents, since
these organisms form nutrition-absorption or absorption-nutrition sites or parasitism sites
in the plant's root system. The inverse effect formed by the symbiosis of FAMs is the
main reason for its use, since once symbiosis with the plant is established, a more effective
response from the plant to the pathogen attack is expected, once the plant is better
nourished. Some studies have shown that, in addition to improving the nutritional status
of plants, AMFs can stimulate the plant's defense response, both through morphological
mechanisms and biochemical activities (Schouteden et al., 2015; Tchabi et al., 2016;

Wani et al., 2017).



344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

65

According to Vos et al. (2013) the control response for M. incognita in tomato
plants was due to resistance induction. The authors observed greater expression of genes
identified in the phenylpropanoid pathway and ROS metabolism of mycorrhizal plants,
which could explain the observed reduction in infection by the pathogen.

Nangyal et al. (2016) observed that the AMFs responded as a biological control
agent for M. incognita in the Luffa plant. In plants inoculated with AMFs, the size of
giant cells decreased, and the abnormalities of vascular bundles were fewer. Marro et al.
(2018) also found that inoculation with AMFs reduced the penetration of J2 into tomato
roots against Nacobbus aberrans.

These results are consistent with Ferreira et al. (2018), who determined patterns
of co-occurrence, starting from combinations between nematodes and AMFs in both
samples (soil and roots), using probabilistic models. The authors observed that the higher
the percentage of mycorrhizal fungi in the soil, the fewer the nematodes in the roots of

the plants.

Assessing the effect of mycorrhize colonization and the interaction between
rhizobacteria in tomato plants against M. javanica, Sohrabi et al. (2017) observed that
there was a reduction in the fresh mass of the roots of mycorrhizal plants, this variation
did not interfere in the nematode inhibition. This fact can also be observed in this work,
despite the species being different for both biocontrol, pathogen and host agents.

The explanation for the reduction in the development of coffee seedlings in
relation to the root system can be explained by Franca et al. (2014), the authors analyzing
the influence of AMFs on the growth of coffee seedlings note that, at the beginning of the
symbiotic process, the association can be considered a drain of assimilates from the plant.

The seedling does not yet have enough leaf to maintain the association, leading thus to
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the drop in the net photosynthetic rate and consequently delaying the development of the
plant. In general, the inoculated plants showed a negative effect at the beginning of
growth when compared to non-inoculated seedlings. This fact may be the explanation for
the lesser development of the root system of the coffee seedlings evaluated in this
experiment.

Mycorrhize colonization can satisfy the plant's need to allocate resources in the
production of roots and contribute to the increase of the aerial part, thus guaranteeing the
production of photo assimilates for both symbionts, in case the leaf area of the plant is
not adequate. This fact was observed by Cruz et al. (2019), in a study of mycorrhize
colonization in the development of C. arabica seedlings of different cultivars and species

of AMFs.

CONCLUSION

The AMFs microorganisms G. macrocarpum and B. cereus showed nematocidal
activity against M. incognita in C. canephora seedlings under controlled conditions at
150 days, providing an effect similar to the chemical nematicide Carbofuran.

The control presented by the microorganisms was independent of each other and
could be used separately, but it was noted that the interaction improved the result for B.
cereus in terms of the nematicidal effect and for G. macrocarpum in terms of the
development of the plant's root system.

Further studies are recommended for a better understanding of the mechanisms
involved in the association and interaction of plants (C. canephora), microbiological

agents (G. macrocarpum and Bacillus cereus - strains 212 and 216) and pathogens (M.
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incognita) in order to prospect for biological control of the gall nematode in the coffee

tree.
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ARTIGO 3: Extratos de plantas do género Crotalaria e Mucuna contra nematoide das

galhas no cafeeiro

RESUMO

Alternativas que possam minizar o uso de agrotdxicos na agricultura sdo fontes de varias
pesquisas, sobretudo as que possibilitam a redugéo de uso de nematicidas que geralmente séo
produtos de toxidade alta e de utilizacdo frequente. Dentre as alternativas que vem sendo
pesquisadas 0s extratos vegetais despontam como uma alternativa viavel no controle de
fitonematoides. Como a perspectiva testar a acdo nematicida de extratos aquosos de plantas de
crotalarias e mucunas contra Meloidogyne incognita como alternativa ao uso de nematicidas
quimicos em plantas do cafeeiro, conduziu-se este estudo. Foram utilizadas trés espécies de
Crotalaria: C. juncea, C. spectabilis e C. ochroleuca e duas espécies de mucuna: M. pruriens e
M. aterrina. As plantas foram separadas por folhas, flores, frutos e talos e utilizadas em duas
formas, frescos e secos, para confeccdo de extratos aquasos. Os extratos concentrados foram
submetidos a diluicGes seriadas com objetivo de encontrar a menor concentracdo com maior
efeito de inibigéo de ecloséo e motilidade de J2 em ensaios in vitro e posterior realizou-se ensaio
in vivo em plantas do cafeeiro. Os extratos que apresentaram maior inibicdo na menor
concentracdo foram, para crotalérias Crotalaria juncea fruto fresco (CJFrF) inibiu 96,27% e
folha fresca (CJFIF) 94,24%, nas concentragdes de 6,71 e 3,16 mg.L™? respectivamente
Crotalaria ochroleuca folha seca e talo fresco com 91% e 85,56% nas concentrages 6,36 e 2,5
mg.L?. E crotalaria spectablis flor fresca (CEFF) 65,53% na concentragdo de 2,7 mg.L™ . Para
mucunas, mucuna cinza folha seca (MCFIS) 61,41% na concentacéo de 1,6 mg.L™* e mucuna
preta o extrato folha fresca (MPFIF) com 77,16% na concentracdo de 1,6 mg.L. No ensaio in
vivo 0s extratos de crotalarias: C. juncea talo seco (CTJS), fruto fresco (CJFrF); C. ochroleuca
folha seca (COFIS), talo fresco (COTF); e C. spectabilis folha seca (CEFIS), fruto fresco
(CEFrF), fruto seco (CEFrS); e mucuna preta talo seco (MPTS), folha seca (MPFIS)
apresentaram Fator de Reproducdo idem ao controle nematicida. Indicando assim que estes
extratos apresentam potencial de bioprospecgé@o no controle de M. incognita no cafeeiro.

Palavras-chave: fitoquimicos; nematicida; prospeccdo; nematodos das galhas.

ABSTRACT

Alternatives that can minimize the use of pesticides in agriculture are sources of several
researches, especially those that make it possible to reduce the use of nematicides that are
generally products of high toxicity and frequent use. Among the alternatives that have been
researched, plant extracts stand out as a viable alternative in the control of phytomatomatoids.
As the perspective to test the nematicidal action of aqueous extracts of crotalaria and mucuna
plants against Meloidogyne incognita as an alternative to the use of chemical nematicides in
coffee plants, this study was conducted. Three species of Crotalaria were used: C. juncea, C.
spectabilis and C. ochroleuca and two species of mucuna: M. pruriens and M. aterrina. The
plants were separated by leaves, flowers, fruits and stems and used in two forms, fresh and dry,
for making aqueous extracts. The concentrated extracts were subjected to serial dilutions in
order to find the lowest concentration with the greatest effect of inhibiting hatching and motility
of J2 in in vitro tests and later in vivo testing was carried out on coffee plants. The extracts that
showed greater inhibition in the lowest concentration were, for crotalaria Crotalaria juncea
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fresh fruit (CJFrF) inhibited 96.27% and fresh leaf (CJFIF) 94.24%, in the concentrations of
6.71 and 3.16 mg.L- 1 respectively Crotalaria ochroleuca dry leaf and fresh stalk with 91%
and 85.56% at concentrations 6.36 and 2.5 mg.L-1. And fresh flower spectablis crotalaria
(CEFF) 65.53% at a concentration of 2.7 mg.L-1. For mucunas, gray mucuna dry leaf (MCFIS)
61.41% in the concentration of 1.6 mg.L-1 and black mucuna the fresh leaf extract (MPFIF)
with 77.16% in the concentration of 1.6 mg.L. In the in vivo test the crotalaria extracts: C.
juncea dry stem (CTJS), fresh fruit (CJFrF); C. ochroleuca dry leaf (COFIS), fresh stalk
(COTF); and C. spectabilis dry leaf (CEFIS), fresh fruit (CEFrF), dried fruit (CEFrS); and black
mucuna dry stalk (MPTS), dry leaf (MPFIS) had the same reproduction factor as the nematicide
control. Thus indicating that these extracts have potential for bioprospecting in the control of
M. incognita in coffee.

Keywords: phytochemicals; nematicide; prospection; gall nematodes.

INTRODUCAO

O controle de nematoides parasitas do cafeeiro € um constante desafio para a
agricultura mundial. Basicamente as técnicas de manejo resumem-se em utilizacéo de cultivares
resistentes, rotacdo de cultura e controle quimicos (Ferraz, 2018; Sikandar et al., 2020). Sendo
resisténcia genética de plantas e a aplicacdo de nematicidas os controles mais usuais devido a
praticidade e facilidade de utilizago.

O controle por resisténcia genética de plantas pode ser limitado pela disponibilidade
de gendtipos resistentes disponivel no mercado. Logo o uso de nematicidas quimicos é o
método de controle mais utilizado. O que tem acarretado em problemas ndo s6 econdmicos,
mas principalmente ambientais, gerados, pelo o0 uso indiscriminado desses produtos, e também
a reduzida disponibilidade de principios ativos, principalmente para culturas perenes, no caso,
café (Ferraz, 2018; KVVS, Patil e Yadav, 2019).

Entre as alternativas de controle a rotacdo de culturas, com plantas antagonicas e
ou repelentes a exemplo plantas das espécies Crotalaria spp e Mucuna spp (Debiasi et al., 2016;
Giraldeli et al., 2017; Santana-Gomes et al., 2019; Nascimento et al., 2020). Tem se comportado
como uma boa técnica para reducdo da populacdo de nematoides no solo. Mas para o cafeeiro
essa pratica torma-se complexa e inviavel. Mesmo que seja realizado plantio em entrelinhas a
dificuldade e custo de manejo dificultam sua utilizacéo.

Visando aproveitar o potencial nematicida das plantas de crotalarias e mucunas. A
exemplo desse potencial pode-se sitar a monocrotalina, produzida pelas plantas de crotalarias,
que inibe a mobilidade de juvenis em estagio J2 e da mucuna 3-hidroxi-L-tirosona (Torto et al.,
2018; Scupinari et al., 2020). Ha atualmente pesquisas a procura por outras formas de utilizacao
dessas plantas no controle de nematoides, além do seu plantio em area infestadas.

Constituindo opgdes, como incorporacdo de material vegetal ao solo, bem como a

confeccdo de extratos vegetais com partes da planta ou até mesmo plantas inteiras (Borges et
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al., 2013; Anene e Declerck, 2016; Silva et al., 2018; Henmi e Mrahatta, 2018; Lopes et al.,
2019).

Os extratos vegetais despontam-se como fonte alternativa ao uso de nematicidas
quimicos, apresentando a vantagem de atuar em varios novos locais-alvo, sem efeitos nocivos
aos organismos ndo-alvo e ao meio ambiente (Naz et al., 2016; Torto et al., 2018).

Como base em obter alternativas ao controle quimico para nematoides parasitas do
cofeeiro este estudo verificou a acdo nematicida de extratos aquosos de plantas de crotalarias e

mucunas contra o nematoide das galhas Meloidogyne incognita.

MATERIAL E METODOS

Para os ensaios do efeito nematicida dos extratos aquasos das plantas de crotaria e
mucuna utilizou-se duas espécies de mucana sendo: Mucuna Adans (M. pruriens (L) DC,
Mucuna aterrima Piper & Tracy) e trés espécies de crotaléria: Crotalaria. juncea L., Crotalaria
ochroleuca G. Don e Crotalaria spectabilis Roth. Para realizacdo deste trabalho procedeu-se
0 registro no Sistema Nacional de Gestdo do Patriménio Genético e do Conhecimento
Tradicional Associado (Sisgen) sob o codigo de acesso n°® A613C64.

As plantas foram separadas por segmentos (folhas, flores, frutos e talos) e utilizadas
em duas formas: frescos e secos. Para obtencdo do material seco as frages foram levadas a
estufa para secagem a 45°C por 72 horas. O material fresco e seco foi triturado e pesado para
proceder ao preparo dos extratos. Para cada 1 grama do material foram adicionados 10 mL do
extrator H2O estéril, macerados, levados para Cémara Incubadora com Agitagdo Orbital
(Shaker) refrigerada, a 100 RPM por 24 horas. Apos este periodo a suspensdo foi filtrada em
gazes e papel filtro 100% celulose, e centrifugado a 2.000 rpm por 2 minutos.

O extrato obtido foi evaporado em banho-maria a 45°c por 24 horas e resuspendido
em 1 mL de H2O estéril para obtencéo da concentracdo do extrato bruto (mg.L™).

Para identificacdo dos tratamentos foi adotado o uso de siglas que foram formadas
pelas primeiras silabas do nome da planta C. espectabilis (CE), C. juncea (CJ), C. ochroleuca
(CO), mucuna cinza (CZ) e mucuna preta (MP) seguida pelo fragmento da planta utilizado:
folha seca (FIS), folha fresca (FIF), talo fresco (TF), talo seco (TS), fruto fresco (FrF), fruto
seco (FrS), flor fresca (FF) e flor seca (FS) (Tabela 1).
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Tabela 1. Denominacao dos tratamentos conforme plantas e seus fragmentos utilizados para confeccdo dos extratos
aquosos das plantas do género Crotalaria e Mucuna.

Sigla tratamento

Denominacéo planta

Fragmento vegetal

CEFIF
CEFIS
CETF
CETS
CEFrF
CEFrS
CEFF
CJFIF
CJFIS
CJTF
CJTS
CJFrF
CJFrS
CJFF
CJFS
COFIF
COFIS
COTF
COTS
COFrF
COFF
MCFIF
MCFIS
MCTF
MCTS
MPFIF
MPFIS
MPTF
MPTS

Crotalaria espectabilis
Crotalaria espectabilis
Crotalaria espectabilis
Crotalaria espectabilis
Crotalaria espectabilis
Crotalaria espectabilis
Crotalaria espectabilis
Crotalaria juncea
Crotalaria juncea
Crotalaria juncea
Crotalaria juncea
Crotalaria juncea
Crotalaria juncea
Crotalaria juncea
Crotalaria juncea
Crotalaria ochroleuca
Crotalaria ochroleuca
Crotalaria ochroleuca
Crotalaria ochroleuca
Crotalaria ochroleuca
Crotalaria ochroleuca
Mucuna cinza
Mucuna cinza
Mucuna cinza
Mucuna cinza
Mucuna preta
Mucuna preta
Mucuna preta
Mucuna preta

folha fresca
folha seca
talo fresco
talo seco
fruto fresco
fruto seco
flor fresca
folha fresca
folha seca
talo fresco
talo seco
fruto fresco
fruto seco
flor fresca
flor seca
folha fresca
folha seca
talo fresco
talo seco
fruto fresco
flor fresca
folha fresca
folha seca
talo fresco
talo seco
folha fresca
folha seca
talo fresco
talo seco

Foi realizado ensaios in vitro para determinacio de concrentragdo em mg.L™? de

solidos totais com objetivo de encontrar a menor diluicdo com maior efeito de inibicdo. Os

extratos concentrados foram submetidos a diluicGes seriadas até 10°°.

O ensaio in vitro foi realizado com a adi¢é@o de 100 pL de suspensao dos extratos e

adicionadas 100 pL da suspensdo de M. incognita contendo 100 ovos, em eppendorfs de 1,5

mL. Os eppenderfs foram isolados da incidéncia de luz (acondicionados em caixas de papel) e

levados a BOD a 25°+1°C por 15 dias.

O delineamento utilizado foi em DIC com 5 repeticdes cada eppenderfs foi

considerado uma repeticdo, perfazendo 29 tratamentos e 02 controles, controle positivo foi

utilizado o nematicida Carbofuran, na dosagem comercial de 0,25¢/L e controle negativo agua.
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As variaveis avaliadas foram: nimero de ovos, juvenis (J2) imdveis e moveis,
procedendo a contagem dos mesmos com auxilio de microscopio optico utilizando a cAmara de
Peters, para obtencdo do % de controle de inibicdo. O resultado foi submetido a analise de
Regresséo Probit e ao teste de DLso.

O ensaio in vivo foi conduzido em casa de vegetacdo “modelo capela”, cobertura
de filme plastico anti UBV de 120 micras com ventilacdo frontal e lateral livre no Centro de
Pesquisa Agroflorestal de Ronddnia — Embrapa Rondo6nia (8°47'38.44"S, 63°50'47.93"0),
durante o periodo de janeiro a julho de 2019 no municipio de Porto Velho-RO.

Mudas de café provenientes da espécie Coffea arabica, cultivar Catucai
considerado susceptivel ao nematoide das galhas, com 6 meses de idade, foram transplantadas
para vasos plasticos com capacidade de 8 litros, contendo solo na proporcdo 2:1 de solo-areia,
autoclavado por 1 hora em autoclave a 121°C. Aos 15 dias apds o transplantio as plantas foram
inoculadas, com suspensdo de 10 ml contendo “5.000” ovos + J2. E ap6s um periodo de 24
horas foi realizado a aplicacdo de 10 ml de extrato por litro de solo, repetido aos 30 dias.

Decorridos 90 dias da data de inoculacdo (DAI) as plantas foram avaliadas quanto
a reacdo a M. incognita (Est 12). Para tanto, as raizes de cada planta foram separadas da parte
aérea, lavadas, pesadas, avaliadas quanto ao numero de galhas e processadas para a extracdo de
ovos de nematodos (BONETI e FERRAZ, 1981) para verificagdo do nimero de ovos foi
realizado a contagem por meio do uso de microscopio estereoscopio, utilizando a camara de
contagem (camara de Peters). Para obtencdo do nimero de galhas (NG) e nimero de ovos (NO)
por planta foi utilizado o resultados de peso fresco da raiz (PFR), para célculo do fator de
reproducdo (FR) o (NO) foi considerado como populacdo final (FR = populacdo final /
populacdo inicial) (OOSTENBRINK, 1966).

A contagem do nimero de galhas e massa de ovos foi realizada baseando-se na
escala de notas proposta por Taylor & Sasser (1978) para a obtencdo do indice de galhas (IG)
e indice de massas de ovos (IMO), assim sendo: nota 0 (sem galhas e/ou massas de ovos); nota
1 (1 a 2 galhas e/ou massas de ovos); nota 2 (3 a 10 galhas e/ou massas de ovos); nota 3 (11 a
30 galhas e/ou massas de ovos); nota 4 (31 a 100 galhas e/ou massas de ovos); nota 5 (mais de
100 galhas e/ou massas de ovos).

O experimento foi conduzido em delineamento inteiramente casualizado com 11
tratamentos e 02 testemunhas controle positivo com agua e controle negativo com nematicida
Carbuforano aplicado na dose comercial (10 litros/ha) calculada para o volume do vaso (8
litros), com seis repeti¢des, sendo cada planta/vaso considerada uma repeticdo. Os tratamentos
realizados sao descritos a seguir: CJFrS, CJFrF, CJTS, CEFrS, CEFrF, CEFIS, COTF, COFIS,
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MCFIS, MPTS, MPFIS siglas estdo descritas na tabela 1. Os dados foram submetidos a analise

de variancia e as médias dos tratamentos comparadas pelo teste de Scott Knott a 5% de
probabilidade pelo programa Genes®.

RESULTADOS

No ensaio in vitro todos os extratos apresentaram 100% de inibicdo contra a
inibicdo do M. incognita na concentracdo do extrato bruto. Considerando as diluicbes, as
respostas foram diferentes conforme a espécie, fragmento da planta (folha, talo, flor e fruto) e
preparo (fresco ou seco) dos extratos (Figuras 1 a 5).

Mucuna cinza
120
100
S 80
O
2 —o—MCFF
‘c 60
= —8—MCTF
s 40 MCFIS
20 —==MCTS
0

1 0.1 0.01
Concentragéo extratos

Figura 1. Percentual de Inibicdo de eclosdo de J2 e motilidade dos extratos de mucuna cinza conforme
concentracdo dos extratos, parte da planta e modo de preparo (seco ou fresco).

Mucuna preta
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Figura 2. Percentual de Inibicdo de eclosdo de J2 e motilidade dos extratos de mucuna preta conforme concentragéo
dos extratos, parte da planta e modo de preparo (seco ou fresco).
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Crotalaria juncea
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Figura 3. Percentual de Inibicdo de ecloséo de J2 e motilidade dos extratos de Crotalaria juncea conforme
concentracdo dos extratos, parte da planta e modo de preparo (seco ou fresco).

Crotalaria ochroleuca
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Figura 4. Percentual de Inibicdo de eclosdo de J2 e motilidade dos extratos de Crotalaria ochroleuca conforme
concentracdo dos extratos, parte da planta e modo de preparo (seco ou fresco).
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Figura 5. Percentual de Inibicdo de ecloséo de J2 e motilidade dos extratos de Crotalaria spectabilis conforme
concentracdo dos extratos, parte da planta e modo de preparo (seco ou fresco).
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O extrato de mucuna cinza folha seca (MCFIS) apresentou maior percentual de inibicao
(61,41%) na concentacio de 1,6 mg.L™ para M. incognita in vitro (Figura 1). JA a mucuna preta
o0 extrato folha fresca (MPFIF) com 77,16% de inibicdo total também na concentracéo de 1,6

mg.L (Figura 2).

Para os extratos de crotalaria, Crotalaria juncea fruto fresco (CJFrF) inibiu 96,27% e
folha fresca (CJFIF) 94,24%, nas concentracdes de 6,71 e 3,16 mg.L™ respectivamente (Figura
3). Crotalaria ochroleuca folha seca e talo fresco apresentaram maior potencial de inibicdo de
91% e 85,56% nas concentracdes 6,36 e 2,5 mg.L? (Figura 4). E crotalaria spectablis
apresentou maior potencial de inibicdo para o extrato flor fresca (CEFF) 65,53% na

concentragéo de 2,7 mg.L™? (Figura 5).

Quando submetidos ao teste Probit, o tratamento C. juncea, fruto fresco (CJFrF) foi
que apresentou maior inibicdo com menor concentragdo em mg.L™? sendo utilizado como
padrdo de efetividade para os demais em relacdo a efetividade da dose/tratamento conforme
LDso (Tabela 2).

Tabela 2. Eficiéncia dos extratos das espécies C. juncea, C. espectabilis e C. ochroleuca e M.
pruriens (mucuna preta e mucuna cinza), produzidos a partir de folhas, talos, flores e frutos,
frescos e secos, no controle de in vitro do nematodo M. incognita.

Extrato* LDso R? b1 Efetividade! Ordenamento?
CJFrF 0,69 0,31 2,34 1 1
CJFIF 0,76 0,31 2,06 0,91
COFF 0,79 0,37 1,77 0,88 3
COTF 0,84 0,38 1,75 0,82 4
MPFIF 0,86 0,32 2,73 0,80 5
CJTF 0,87 0,41 2,51 0,79 6
CEFF 0,92 0,33 1,66 0,75 7
COFrF 0,98 0,37 2,58 0,70 8
CEFrF 1,01 0,4 2,33 0,69 9
CETF 1,02 0,34 1,86 0,68 10
CJFF 1,1 0,33 2,22 0,63 11
CJFS 1,13 0,36 2,18 0,61 12
MCTS 1,14 0,32 1,92 0,60 13
CJTS 1,26 0,34 2,52 0,55 14
CEFIF 1,32 0,36 2,23 0,52 15
MCFIS 1,39 0,42 2,67 0,50 16
COFIF 1,56 0,13 1,36 0,45 17
MPTS 1,57 0,44 2,3 0,44 18
MTPF 1,61 0,27 2,72 0,43 19
CJFrS 1,69 0,45 3,42 0,41 20

COFIS 1,72 0,52 2,68 0,40 21



81

CJFIS 2,14 0,5 2,45 0,32 22
CEFrS 2,34 0,56 2,6 0,29 23
COTS 2,5 0,49 1,82 0,28 24
MPFIS 2,67 0,51 2,42 0,26 25
CEFIS 2,7 0,52 2,5 0,25 26
CETS 4,14 0,43 1,88 0,17 27
MCFIF 11,17 0,28 1,25 0,06 28
MCTF 101,58 0,28 1,03 0,007 29

LDso: concentracdo letal em partes por milhdo que inibe 50% da populacéo de nematodos, R2: coeficiente
de determinacéo ajustado, b1: coeficiente angular da regressdo, Efetividadel: Reducédo da eficiéncia em
relacio ao melhor extrato. Ordenamento2: Ordenamento dos extratos de acordo com a menor
concentracdo de LD. *Cddigos dos extratos estdo descritos na tabela 1 (metodologia).

No ensaio in vivo 0s extratos de crotalarias: C. juncea talo seco (CTJS), fruto fresco
(CJFrF); C. ochroleuca folha seca (COFIS), talo fresco (COTF); e C. spectabilis folha seca
(CEFIS), fruto fresco (CEFrF), fruto seco (CEFrS); e mucuna preta talo seco (MPTS), folha
seca (MPFIS) apresentaram Fator de Reproducéo idem ao controle nematicida (Tabela 3).

Tabela 3. Fator de Reproducio e indice de Galhas para plantas de café com 90 dias apds
inoculacdo (5000 ovos + J2) de M. incognita tratados com extratos aquosos de fragmentos de
plantas de mucuna e crotalaria.

Tratamento FR IG
CEFrS 0,01a 4,8
COTF 0,02a 3,5
MPFIS 0,03a 3,5
CEFrF 0,07 a 3,7
CJFrF 0,10a 3,3
NEMATICIDA 0,13 a 4,0
CEFIS 0,14a 3,5
MPTS 0,14a 4,3
COFIS 0,22 a 4,2
CJTS 0,25a 3,8
AGUA 0,38 b 4,2
CJFrS 0,50 b 4,2
MCFIS 0,60 b 3,8

Letras iguais ndo diferem entre si pelo teste de média Scott Knott a 5% de probabilidade. *Co6digos dos extratos
estdo descritos na tabela 1.

DISCUSSAO

O extratos de crotalaria e mucuna apresentaram no ensaio in vitro contra M.
incognita maior percentual de inibicdo de eclosdo e motilidade de juvenil (J2), estando acima
de resultados j& obtidos em alguns estudos com extratos de plantas contra M. incognita por
extratos aquosos de plantas de citronela (Cymbopogon nardus) e de cha mexicano (Dysphania
ambrosioides) causou a mortalidade de 46% e 79%, respectivamente de J2 em ensaio in vitro

em sua concentragdo bruta (Silva et al., 2020).
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Avaliando efeito nematicida de C. spectabilis e M. pruriens conta M. incognita Osei
et al. (2010), observaram que a inibicao de eclosdo de juvenis (J2) foi de 74%. Enquanto nesse
estudo todos os extratos obtiveram 100% de inibicéo total considerando extrato bruto.

Observou-se neste estudo que concentragcdes dos extratos, bem como a parte
utilizada das plantas influenciaram no percentual de inibicdo de ecloséo de J2. Fato também
observado em estudo de extratos aquosos preparados com folhas secas das espécies Phyllanthus
amarus, Leucas cefalotes, Coccinia grandis e Trianthema portulacastrum em ensaios
realiados por Khan et al. (2019), segundo os autores a resposta de inbibigdo acompanhou uma
diminuicdo gradual da taxa de eclosdo de ovos com o aumento das concentragdes, mas nem
mesmo na concentracdo bruta observaram inibicéo total (100%). A maior inibicdo foi para a
concentracdo de 5.000 ppm para o extrato de P. amarus (86%). Jidere e Oluwatayo (2018)
também obtiveram variacdo de inibicdo de J2 M. incognita in vitro conforme parte da planta e
concentacdo do extrato de sementes de M. oleifera e J. curcas.

As crotalarias apresentaram maior percentual de inibicdo em suas concentracfes
menores quando comparado a mucuna. Sendo que para as crotalarias a C. ochroleuca inibicao
de 100% ja ocorreu na diluicdo de 10 para o extrato folha fresca (COFIF), 10 C. spectabilis
folha fresca (CEFIF) e C. juncea fruto fresco (CJFrF). E para as mucunas diluicio de 107
extratos talo seco (MPTS) e folha seca (MPFIS), e 10 folha seca (MCFIS) (Figuras 1 a 5).
Barros et al. (2014) nao obtiveram sucesso no controle M. incognita contra J2 in vitro com
extratos aquosos de folhas frescas de mucuna. Diferindo dos resultados obtidos neste, j& que 0s
extratos de mucuna que mesmo tento acao inferior as crotalarias nas concentracdes mais baixas,
obteve em média 40% de inibicdo contra J2 in vitro.

A maior inibicdo dos extratos de crotalaria pode ser atribuido a composicdo
bioquimica de compostos com efeitos toxicos contra nematoides e metabolicos secundarios,
como a monocrotalina (Pacheco e Silva-Lopez, 2010; Colegate et al., 2012; Jang et al., 2019).
A presenca de APs toxicas para nematoides foi verificada também por Scupinari et al. (2020)
em C. spectabilis, inclusive com teor de monocrotalina maior em sementes do que em folhas.

O que se pode observar neste trabalho com os resultados in vivo, ja que o Fator de
Reproducdo foi menor para C. spectabilis fruto tanto, fresco como seco, do que para 0s extratos
foliares (Tabela 3). Testando efeito nematicidade de plantas antagbnicas Giraldeli et al. (2017)
observaram que C. spectabilis reduziu 90% da populagéo final.

Lopes et al. (2019) testando extratos de plantas de crotalaria (folhas secas) contra
M. incognita em tomate, também observaram que tanto C. spectabilis como C. ochroleuca

reduziram o Fator de Reproducdo apresentando resultados menor que um (Fr<1). Condizentes
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com 0s resultados deste estudo. Ja que todos os extratos de C. ochroleuca e C. spectabilis
indepentendo da parte da planta e da forma (seco ou fresco), apresentaram fator de reproducéo
menor que um (Fr<1).

Testando Crotalaria spp, incorporada ao solo, extrato aquaso aplicado tanto no solo,
como na planta contra M. incognita Borges et al. (2013) apresentaram reducéo superior a 40%

da populacdo de nematoides no solo, para ambas formas de aplicacéo.

CONCLUSAO

Os extratos de crotalarias: C. juncea talo seco (CTJS), fruto fresco (CJFrF); C.
ochroleuca folha seca (COFIS), talo fresco (COTF); e C. spectabilis folha seca (CEFIS), fruto
fresco (CEFrF), fruto seco (CEFrS); e mucuna preta talo seco (MPTS), folha seca (MPFIS)
reduziram o FR em relacdo ao controle agua e apresentaram mesmo efeito do controle
nematicida. Indicando assim que estes extratos apresentam potencial de bioprospecc¢do no

controle de M. incognita no cafeeiro.
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4. CONCLUSAO

Na avalicdo de resisténcia genética de clones de C. canephora contra M. incognita
em condigdes controladas, observa-se que ha ocorréncias de segregacdo para essa expressdo de
resisténcia contra M. incognita. Indicando que o0s gendtipos devem ser avaliados
individualmente, independentemente de sua genealogia ou outras caracteristicas morfoldgicas.
Identificou-se que os clones de C. canephora BRS 3210, C12, BRS 2299, BRS 2314, BRS 3137
e BRS 1216 expressaram resposta de resisténcia a M. incognita, indicando potencial para
selecdo em programas de melhoramento genético de gendtipos resistentes a nematoides
radiculares.

Os microorganismos G. macrocarpum (FMA) e B. cereus apresentaram atividade
nematicida contra M. incognita em C. canephora, isoladamente e quando associados,
proporcionando efeito semelhante ao nematicida quimico Carbofuran. Observou-se que a
interacdo melhorou o resultado nematicida para B. cereus e para desenvolvimento radicular
para G. macrocarpum.

Os extratos de crotalarias: C. juncea talo seco (CTJS), fruto fresco (CJFrF); C.
ochroleuca folha seca (COFIS), talo fresco (COTF); e C. spectabilis folha seca (CEFIS), fruto
fresco (CEFrF), fruto seco (CEFrS); e mucuna preta talo seco (MPTS), folha seca (MPFIS)
reduziram o FR em relacdo ao controle 4gua e apresentaram mesmo efeito do controle
nematicida, contra M. incognita no cafeeiro.

As alternativas de controle para M. incognita no cafeeiro, testadas neste trabalho,
se mostraram promissoras. Indicando potencial de uso para controle de nematoides das galhas
no cafeeiro. Porém como os estudos foram realizados sob condi¢fes controladas, recomenda-

se que sejam realizados testes em condic¢des de campo, pra confirmacdo dos resultados obtidos.



