PONTIFICIA UNIVERSIDADE CATOLICA DO RIO GRANDE DO BL
FACULDADE DE BIOCIENCIAS
PROGRAMA DE POS-GRADUACAO EM BIOLOGIA CELULAR E MOECULAR

CALINO FERREIRA PACHECO NETO

Orientador: Prof. Dr. Leandro Vieira Astarita

INDUCAO DE RESPOSTAS DE DEFESA CRUZADA EM SOLANUM
TUBEROSUMJTILIZANDO INDUTORES DE RESISTENCIA CONTRA
PATOGENOS

Porto Alegre
2014



CALINO FERREIRA PACHECO NETO

Orientador: Prof. Dr. Le

andro Vieira Astarita

INDUCAO DE RESPOSTAS DE DEFESA CRUZADA EM SOLANUM
TUBEROSUMJTILIZANDO INDUTORES DE RESISTENCIA CONTRA
PATOGENOS

Dissertacdo apresentada como requisito para
obtencdo do titulo de Mestre em Biologia
Celular e Molecular pela Faculdade de
Biociéncias da Pontificia Universidade
Catodlica do Rio Grande do Sul.

Porto Alegre

2014



AGRADECIMENTOS

Aos meus pais, Calino Ferreira Pacheco Filho e Idotome Pereira, pelo apoio,
carinho, preocupacéo, compreensao e por ndo dei@geacreditar em mim. A0 meu irmao
Cassio Pacheco pelo apoio e compreensao. A todaanf@milia, que apesar da distancia,

esteve sempre me apoiando com os melhores votos.

Ao professor Leandro Vieira Astarita principalmepéda paciéncia, compreensao e 0s

constantes ensinamentos cientificos e filoséfiqas,com certeza levarei para o resto da vida.

A professora Eliane Santarém pela amizade, cagrduxilio.

A técnica do laboratério de Biotecnologia Vegefnaina Langlois, pela amizade,

apoio e pelo auxilio mesmo nos maiores perrengoes,chuva ou sol.

Aos meus amigos bidlogos e “ex-biotecs” Fox e Kikernando Dalmas e Marco
Gadegast, respectivamente, pelos momentos deaaedascontragao.

Aos colegas, e todo o grupo do Laboratério de Bratogia Vegetal - PUCRS, pela
amizade, companheirismo, apoio sempre que pre@spelas risadas e brincadeiras. Obrigado
Galera: Franciele Ortolan, Tamiris Salla, Giuliald@e, Kleiton Machado, Wagner Fagundes,

Maila Pacheco, Natane Girelli, Natasha Ruschela&afNozari, Thanise Ramos, Tiago Sartor.

Aos meus queridos amigos, Carolina Esteves, Fean@nalz, Sthefanie Souza, Max Bof,
Pedro Joel Filho, Marcello Campos, Miguel Cabraiistano Prunes, Mario Rosito, Gabriel
Larré, Gabriel Armiliato, Natalia Ambros, Josean@nGva, Marilia Rodrigues, André Bresolin,
Joken Morencos e demais, por terem escutado pasnassminhas lastimas e promessas sobre a

elaboracéo e término do presente trabalho.



RESUMO
Apesar da batata ser um dos alimentos mais conssrdiml mundo, a sua producéo apresenta
sérias dificuldades devido a doencas causadasupgog$, bactérias e virus, reduzindo a
produtividade e aumentando os custos de producsgimA este trabalho teve por objetivo
analisar os mecanismos envolvidos na defesa crudad@olanum tuberosunsv. Agata,
através a acao de indutores bidticos no metaboldgsfenilpropandides. Plantas jovensie
tuberosunmantidas em casa de vegetacao foram aspergidasmdatares de defesa: extratos
autoclavados deanthomonas axonopodis de Ceratocystis fimbriataalém do indutor
sintético Bioff. ApoOs cinco dias do tratamento, as plantas forasafihdas com o fungo
patogénicoRhizoctonia solanisendo analisados o progresso da doenca e 0s giBp&m
bioquimicos: compostos fendlicos totais, flavonsidgiercetinicos e atividade das enzimas
polifenoloxidase e peroxidases. As plantas tratadas o indutor XTH foram resistentes ao
patdogeno até 21 dpi. O indutor biético XTH foi maiiciente que o Bion® e CTS na
promocao da resisténcia vegetal. A atividade miaigada da POX foi observada em 9 dpi
com o tratamento XTH. A inoculacéo Be solanicausou o0 aumento progressivo da atividade
da PPO nas plantas dos tratamentos XTH e cont@alendutores CTS e Bion® causaram a
diminuicdo da atividade de PPO ao longo do expearimeOs niveis dos compostos fendlicos
e dos flavonoides foram similares entre todos asammentos. As plantas foram mais
suscetiveis ao patéger. solaniquando aspergidas previamente com CTS ou Bion®. O
XTH apresenta um bom potencial de utilizagdo condutor de resisténcia, retardando o
progresso da doenca e promovendo a resisténcieaéargolani

Palavras-chaveCeratocystis fimbriata, Xanthomonas axonopodissibenzolar-S-methyl;

polifenol oxidase; peroxidases



ABSTRACT
Rhizoctonia solanis a pathogenic ubiquitous fungusSolanum tuberosurmultures, causing
severe losses in production. Plant resistance eanduced by molecules that promote natural
plant defense system. In the present study, theieefty of the inducers Acibenzolar-S-
methyl (BION®), Ceratocystis fimbriataxtract andXanthomonas axonopodéxtract against
the pathogenic funguRhizoctonia solanin potato plants was evaluated. Plants treated with
the inducer XTH were resistant to the pathogenlad@. The biotic inducer XTH was more
efficient than Bion® and CTS on promoting plantiseance. The highest activity of POX was
observed at 9 dpi on the XTH treatment. InoculatadnR. solanicaused a progressive
increase in the PPO activity in XTH- and contrauts. Both inducers CTS and Bfon
caused a reduction on PPO activity over time. Lewé&lphenolics compounds and flavonoids
were similar among all treatmen®lants were more susceptible Ro solaniwhen induced
with CTS or Bion®. XTH did not show a negative etfen plant resistance. XTH presented a
good potential as inducer, delaying disease pregmesand promoting plant resistance against

R. solani

Keywords: Ceratocystis fimbriata; Xanthomonas axonopodiécibenzolar-S-methyl;

polyphenol oxidase; peroxidases
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1. INTRODUCAO GERAL

A cultura de batata é uma das mais importanteslalefa, sendo um dos alimentos
mais consumidos e com grande importancia na ec@enomandial. Existem diversos tipos de
cultivares de batata comercias. No Brasil, a caltiAgata apresenta caracteristicas
agronémicas importantes, como a tuberizacdo preeot¢ebérculos grandes, conferindo
melhor producéo e fazendo desta cultivar a melpgéo no Brasil.

A cultura da batata, apresenta em sua producaassiificuldades, devido a doencas
causadas por fungos, bactérias e virus, reduzirmodutividade e aumentando os custos de
producdo. Além disso, a utilizacdo de defensivoialgs causa danos ambientais, pois estes
produtos apresentam efeitos toxicos em outrasgdanbrganismos.

Uma abordagem promissora no controle de doencasuepo € a promocao da defesa
vegetal, utilizando indutores bioticos, os quagam aumentar de forma ampla e preventiva,
0s niveis de resisténcia nas plantas. As respastpias de defesa sdo complexas, envolvendo
mecanismos de resposta cruzada, onde indutoresefdsadcontra patdgenos bacterianos
podem também promover a defesa contra fungos patogé Esta abordagem torna-se
interessante em plantacfes nas quais as plantasas@olas por diferentes patdogenos.

A defesa vegetal é desencadeada por uma sérigighelles dentro da planta, que vao
desde a sua percep¢do a injurias até a liberacammpostos para defender-se de uma
ameaca. Alguns destes compostos, como os comgestiios e flavonoides, bem como as
enzimas envolvidas na defesa vegetal, como a mEexi e a polifenol oxidase sao
indicadores da resposta de defesa das plantasespleale patdogenos.

O fungoRhizoctonia solané um dos principais patdgenos da batata, estardene
em todo mundo. O controle desta doenca com furagcgliimicos nem sempre é eficaz.
Neste sentido, o controle com indutores biologigode desempenhar um papel valioso na
reducdo das perdas econdémicas.

Sendo assim, este trabalho teve por objetivo amatis mecanismos envolvidos na
defesa cruzada dgolanum tuberosurov. Agata, avaliando a acdo de indutores bidtiums

metabolismo de fenilpropandides, relacionados asdefegetal.



1.1 OBJETIVOS

- Avaliar os mecanismos de defesa contra patdgenoSolanum tuberosurov. Agata
promovidos por indutores bidticos;

- Determinar os niveis de compostos secundariomgostos fendlicos e flavonoides
guercetinicos) relacionados a defesa vegetal Smtuberosumem resposta ao fungo
Rhizoctonia solanicom a aplicacao prévia de extratogOdzatocystis fimbriatd CTS) ou de
Xanthomonas axonopodiXTH);

- Avaliar os niveis de atividade de enzimas (pobleoxidases e peroxidases) relacionadas a
defesa vegetal er8. tuberosunem resposta ao fundg®. solanicom a aplicacdo prévia dos
indutores bioticos CTS ou XTH;

- Avaliar a progresséo da doenca causada pelograi&) solaniem plantas de batata;

- Determinar a ocorréncia de resisténcia cruzada plantas de batata submetidas aos
indutores de defesa CTS e XTH.

2. REVISAO DE LITERATURA

2.1Solanum tuberosum

A batateira é uma planta dicotiledénea e tem coemre de origem a regido proxima
a fronteira entre o Peru e a Bolivia. Nos Andebataticultura vem sendo praticada pelos
indigenas nos ultimos oito milénios, havendo ofpéeies botanicas cultivadas e mais de 200
espécies tuberiferas silvestres. A batata andinkeyada para a Espanha em 1570, apés a
conquista do Império Inca pelos espanhdis. No émtaomente 200 anos depois se tornou
um alimento basico para os européus

Atualmente, no Brasil sdo plantados aproximadamefiiemil hectares de batata por
ano, com producdo de 3.511.892 toneladas de tubéfca regido sul vem se destacando no
cenario da cadeia de producdo da batata, produzipdiximadamente 1.241.761 toneladas
por ano, correspondendo a segunda maior produca®rasil. O Estado do Parana é
responsavel por 60% da producao da regiad Sul.

A cultivar Agata (B6hm52/72 x Sirco), originaria d#olanda, representa uma das
cultivares comercializadas mais importantes no iBraapresentando caracteristicas
agrondmicas importantes como a tuberizacao pregucigndo-se aos 35 dias apos o plantio.
Esta precocidade é sua caracteristica marcantgguzpnuo tubérculos normalmente

uniformes em tamanho. Como caracteristicas agrara@nas plantas apresentam hastes finas
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e moderadamente finas, com coloracdo verde muaoupciada e que se espalham muito;
folnas moderadamente grandes, de silhueta badtnitada e de cor verde clara; foliculos
grandes a muito grandes; floracdo pobre de inft@msas pequenas e flores brancas; ciclo
precoce a muito precoce; tubérculos grandes, ovamn pelicula amarela e
predominantemente lisa, polpa de cor amarelo-obdinas superficiais e baixo teor de matéria
secas Assim, a cultivar representa uma 6tima opgdo pargrodutores que querem aliar

qualidade com rendimento.

2.1.1 Principais doencas

Segundo a Associacdo Brasileira da Batata, as ipaiscdoencas fangicas que
atingem as lavouras de batata sdo a requélimgdphthora infestansa mancha de alternaria
(Alternaria solan) e o tombamentoRhizoctonia solafi* Por outro lado, as principais
doencas bacterianas sdo a podriddo mélectbbacterium carotovoryme a murcha
bacterianaRalstonia solanacearuynalém de viroses e nematoides.

Rhizoctonia solanKiihn é um fungo habitante do solo, basidiomicotze qcorre
mundialmente causando doenga®nomicamente importantes em uma grande variediade
plantas cultivada$.Patogeno deS. tuberosumé onipresente na sua producdo em todo o
mundo e pode causar lesbes nas raizes chamadasande,ce produzir esclerdcios
denominados sarna preta sobre tubérculos fllh@sibos os sintomas reduzem o valor de
mercado dos tubérculos. O controle com fungiciden reempre € eficaz, especialmente
quando os niveis de indculo inicial sdo elevatd@s.controle bioldgico ddR. solanipode

desempenhar um papel valioso na reducao das pszdasmicas.

2.2 Defesa vegetal

2.2.1 Percepcéo de patdgenos

A ativacdo das defesas das plantas pode ocorrartia ga eliciacdo por compostos
presentes em extratos de plantas, preparacoes/eldutas, exopolisacarideos bacterianos,
rizobactérias promotoras de crescimento, fungometrores de crescimento, e ainda cepas
n&o virulentas do patdégeno, além do proprio patddeativado pelo calot.

O reconhecimento de patdgenos e seus produtosve@itog primarios e essenciais
para inducdo da expressédo dos mecanismos de megsté suscetibilidade nas plantas. Este
reconhecimento, normalmente, se d4 por meio dgdgale um elicitor, produzido pelo

fitopatogeno, a PRRs (Receptores de reconhecimdmtpadrdes), a partir desta ligacéo
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ocorre a sinalizacdo e a sintese de compostosfdsatPRRs reconhecem estruturas com
ampla distribuicdo em células microbianas, normatsesdo de natureza protéica e presentes
tanto na superficie externa quanto membrana cgomtca interna, permitindo o
reconhecimento de patdogenos em diferentes locaksacExistem poucas informacdes
referentes a ligacdo entre receptor e elicitor.t@m se houver semelhanca entre o sistema
vegetal com o modelo existente em mamiferos, acdigareceptor-elicitor pode ser
multivalente. Assim, um elicitor pode se ligar aisnde um receptor ou a mais de um sitio de
um mesmo receptdt.

As plantas apresentam um mecanismo de reconhecinpeimhario denominado de
PAMPs Pathogen Associated Molecular Pattern&ste sistema se baseia na deteccdo
primaria de moléculas evolutivamente bastante cwvadas, tais como flagelina, quitina e
lipopolissacarideos, através dos receptores denmeconento de padrdes presentes na
membrana plasmatica. Estes eventos de reconheociremaim a ativacdo da defesa vegetal,
denominada de PTI (PAMPriggered Immunity que esta associada com sinalizacao
mediada por MAP-quinases, induzindo defesa atraegxpressao de genes especificos,
producao de espécies reativas de oxigénio (ER@spesicao de calose na parede celular. A

inducéo de PTI é, muitas vezes, suficiente paradin@ colonizacdo microbiana da platta.

2.2.2. Metabolismo relacionado a defesa

A via dos fenilpropandides é uma das mais impogsamo metabolismo de defesa
vegetal. Os fenilpropandides tém como seus prircigpresentantes os compostos fenaolicos.
Estes compostos passam de uma forma atdxica, dadazcompartimentalizada, para uma
forma tdxica, ndo reduzida, ocorrendo a desconmpantializacdo. Fendis que se mantém
livres no citoplasma podem ter agcéo tdxica tanbwyespatdgenos como sobre a prépria célula
vegetal, contribuindo para a reacdo de hipersdigside® Os acidos clorogénico, caféico e
ferrdlico sdo exemplos de alguns desses compaostgsmas formas de fendis podem ser
convertidas em derivados com radicais de oxigénisemamente reativos (EROs) tornando-
se muito téxicod? Os fendis possuem, pelo menos, um anel benzénico,um ou mais

grupos hidroxila, livres ou substituidos.

As peroxidases (POX) representam um grupo de eszaxig@oredutases relacionadas a
defesa vegetal. Estas sdo capazes de catalisaramtdegnimero de reacfes oxidativas em

plantas, usando peroxido de hidrogénio como substa, em alguns casos, oxigénio como
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um aceptor de hidrogénio. Este grupo de enzimas resacionado ao enrijecimento das

paredes vegetais quando as células sdo atacadascpmganismos patogénicds.

As polifenol oxidases (PPO) constituem outro grgj@oenzimas com acao na defesa
vegetal. Estas enzimas também sdo conhecidas doosmdses, cresolases, catecolases,
difenolases e fenolases, ocorrendo em plantas asmerfungos. Estas enzimas contém cobre
no centro ativo e catalisam dois tipos de reacéedas envolvendo oxigénio. A primeira
reacdo corresponde a hidroxilagdo de monofendisaiodoo-difendis e a segunda a oxidagéo
de o-difendis formanda-quinonas. As polifenoloxidases utilizam dois pipaés grupos de
substratos, os monofendlicos: Citgseresol, tirosina e acidp-cumarico; e 0s substratos

difendlicos catecol, diidroxifenilalanina e acidoregénico®®

Peroxidases e polifenoloxidases lideram a degradapddativa de compostos
fendlicos proximo ao local da descompartimentafivacgelular do tecido vegetal provocada
por patégenos. Um dos resultados mais estudadde tldmeno é o aparecimento de
substancias escuras provenientes da polimerizagé@tatoa das quinonas, ocorrendo
somente no primeiro estagio da infeccdo por miemngygnos, levando a formacao de
quinonas a partir de-difendis por processo enzimati€oNo entanto, ha uma sequéncia de
reacfes quimicas que sdo ainda pouco conhecidas.

2.2.3 Resisténcia Sistémica Adquirida (SAR)

A Resisténcia Sistémica Adquirida (SAR) é o mecaanisle defesa responsavel por
“imunizar” a planta perante um ataque de microrgaons, produzindo um sinal liberado a
partir do sitio de infeccdo, o qual provoca a neere a translocacdo deste sinal para outras
partes da planta, induzindo reacdes de defesa miegprdo a planta contra agressdes
subsequentes. Esta resposta esta relacionada cdificag@es na parede celular vegetal,
liberacdo de fitoalexinas e 0 aumento na expredsdwarios de genes ja caracterizados e
envolvidos com defesa, como o0s genes relacionagatgénese (genes PR).

Existem relatos da ocorréncia da SAR desde 1938g gulantas previamente
infectadas por patdégenos ou pelo patégeno atenadgoiriam resisténcia a uma segunda
infecgdo?? Ross?® demonstrou que plantas de fumo apdés a infeccédizada com o virus
do mosaico do tabaco (TMV), adquiriam resisténd&émica contra varios patdégenos,
resultando na concepcéo do termo “resisténciansisééadquirida”.

A SAR pode ser induzida por diferentes molécula®rigem variavel, podendo ser
constituidas de lipopolissacarideos, glicoprotetteagparede celular de fungos patogénicos,
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carboidratos da parede celular de fungos néo paittg carboidratos, glicoproteinas,
proteinas e lipideo$*?°

Entre os indutores abidticos da SAR, podemos meacio acidop-aminobutirico
(BABA), o acido salicilico (AS) e os respectivosalgos funcionais como o acido 2,6
dicloroisonicotinico (INA) e o éster S-metil do daibenzo-(1,2,3)-tiadiazole-7-carbotidico
(acibenzolar-S-metil, Bid¥). O composto sintético acibenzolar tem conferidotggao
sistémica contra diferentes patégenos em varidsrasl como, por exemplo, batata, fumo,
trigo, feijoeiro e cacaueird®?’Colson e Deveralf, trabalhando com o algodoeiro, relataram
gue o AS e o INA parecem superar o efeito dos dbdires bidticos da SAR e tornam as
plantas mais resistentes a manchaAdternaria, a murcha deVerticilium e a queima
bacterianaEm pepino, por exemplo, a inoculacdo primaria corfurtggo Colletotrichum
lagenarium agente causal da antracnose, induz a SAR comizaduiizia de doencas causadas
por patdgenos fangicos e bacterianos, bem comis ¥fr&m Arabidopsis,a murcha causada
pelo fungoFusarium oxysporuniisp. raphani foi afetada por respostas de defesa ativadas

durante SAR, que também foi efetiva contra a mabeleteriana e a podriddo nedfa.

2.3 Agentes indutores de defesa e patdgenos disiasa

2.3.1 Caracteristicas de agentes indutores

Os indutores de defesa podem ser definidos comategyexternos (bidticos ou
abidticos) ao vegetal que promovem a ativacao destado de resisténcia contra doencas, 0
qual é induzido sistemicamente em plantas, senggealalteracdo do genoma do vegetal.
Esta ativacéo de resisténcia ocorre de maneir@s@deeifica, por meio da ativacdo de genes
que codificam para diversas respostas de défésa.

A atividade do agente indutor ndo é devida a ag@bmicrobiana ou a sua
transformacdo em agentes antimicrobianos, masedanionado a capacidade do mesmo em
sensibilizar e ativar mecanismos de defesa essigtarbioquimicos nas plantas, em resposta
a presenca de um patdgeno em potencial. Usualmestites respostas sdo complexas e tém
como base a agdo combinada de diversos fatores apeéias um componerife.

Existem no mercado diversos indutores de defesagifarentes tipos de patdgenos,
apresentando principios ativos distintos. O proditimercial denominado de Messerfger
possui em sua composicdo uma proteina harpina (@xppida da bactérig&rwinia

amylovora agente causador do “fogo bacteriano” em pereiraeieira. Ele € indicado para
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protecdo de diversas plantas contra doencas caugadaacteérias, virus, fungos, nematéides
e insetos, sugerindo uma inducdo de defesa cruradanplo espectro nas plantas. Outro
produto € o Elex3 constituido de quitosana extraida do exoesqudketcrustaceos. Ambos
0s produtos possuem caracteristicas semelhantessyss moléculas se ligam a membrana
das células e mimetizam uma interacdo incompatimeire planta e “patdgeno”,
desencadeando, assim, uma reacdo de défesa.

O Oxycom™ ¢ um produto formado pela combinacio de dois cetoppsendo o
primeiro uma mistura de nutrientes e 0 segundo onsdura de acido peracético, acido
acético e HO,. O produto é capaz de aumentar a atividade deneszimportantes ligadas a
SAR, como a PAL, chalcona sintase e POX, protegagi@lantas contra nematoides e
fungos®3 Os indutores de defesa vegetal, por serem proosizidm compostos naturais tém
vantagem em relacdo ao uso de defensivos quimicemedeterminados casos, sdo mais
seletivos e eficazes, além de nado prejudicarem @ rambiente e as pessoas que O

manipulam, tornado-se uma alternativa mais segurare mercado em expansao.

2.3.2 Indutor sintético de defesa Bfon
O éster-S-metil do acido benzol (1,2,3) tiadiazgiarbotidico (acibenzolar-S-metil,

ASM), comercializado com o nome de BfoB00 WG (Syngenta: Registrado no Ministério
da Agricultura, Pecuaria e Abastecimento — MAPA)n& benzotiadiazole, analogo ao acido
salicilico (AS). Da mesma forma que o acido saticjlo ASM é um ativador quimico de
resisténcia, fornecendo protecdo contra o0 mesmecespde patdgenos e ativando a
expressdo dos mesmos genes, quando comparadoicdat@o biologica da SAR. Constitui-
se no primeiro ativador vegetal sintético de SABpdnivel no mercado, registrado para as
culturas do cacau, tomate, batata e ciffbs.

A ativacdo da SAR por Biéhfoi observada nas culturas de arroz, trigo, fubamana
e tomate, entre outras, geralmente contra doeremsdas por fungos e bactéfa® Biorf®
€ capaz de desencadear a resisténcia cruzada cgeinées de estresse bidtico. Segundo
Diwaker et al (2010), o Bioff agiu promovendo a defesa de plantas de tabaceéstoa
ativacdo do gene SABP3&dlicylic Acid-Binding Protein )2que percebe e aciona o sistema
imune inato vegetaf Em plantas de trigo, o Binpromove uma resisténcia duradoura
contra o mildio pulverulento causado Bwisiphe graminisDa mesma forma, este produto se

mostrou eficaz em plantas de soja, tanto em camaotg em casa de vegeta¢io.
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2.3.3 Indutor de defesa XTH

O indutor de defesa XTH trata-se de um indutoritwdtormulado a partir de extratos
bacterianos autoclavados ou filtroesterilizados. p@duto denominado de XTH foi
desenvolvido pelo Laboratdrio de Biotecnologia tabela Faculdade de Biociéncias da
PUCRS em 2008 (Pl 0805370-7). Apés diversos testesasa-de-vegetacdo utilizando-se
plantas de batata, chegou-se a uma formulagéo adi@qpara promover o metabolismo de
resisténcia sem comprometer o crescimento das asfnEm estudos anteriores, foi
determinada a eficiéncia do produto XTH comparado pmoduto comercial Bidh
recomendado como indutor de resisténcia em batatmate. Estes resultados indicaram que
a resisténcia promovida pelo XTH foi significativamte superior ao obtido pelo produto
comercial, indicando um potencial econdémico no desste indutor de resisténcia. Avaliacbes
realizadas demonstraram que o0s sobrenadantes dasasubacterianas, utilizadas na
formulacdo do indutor XTH, também apresentam calpale de promover o aumento do
metabolismo relacionado a defesa vegetal em cultar&élulas de batata, indicando que
moléculas hidrossoluveis exsudadas, tais como ipestee acucares Sao 0S agentes
responsaveis pela promocao da defesa. Neste seaitdo presente momento se desconhece
0 mecanismo pelo qual o indutor XTH age promoveaiteracdes metabdlicas em células e
tecidos de plantas de batata.

2.3.4Ceratocystis fimbriatwomo indutor de defesa vegetal

Esse trabalho € pioneiro na avaliacdo do fugmtocystis fimbriatacomo possivel
indutor de defesa vegetal. Assim foi utilizado undutor fangico para testar com um
desafiador bacteriande( carotovorg, conferindo assim a possivel ocorréncia de érsish
cruzada nas plantas de batata.

O fungoC. fimbriata pode ser utilizado como indutor biético de defesgartir da
utilizagdo de extratos inativados (autoclavadodiltoesterilizados). Este microrganismo €
incompativel conS. tuberosumo que significa que este ndo causa doencga nteibatad
utilizacdo de um organismo incompativel e inativagomo indutor € uma abordagem
vantajosa, por ndo oferecer risco tanto para dgkaser induzida quanto para outras espécies
que eventualmente podem possuir uma relacdo deatitnitijade com o patégeno.

C. fimbriata é descrito como causador de doengcas em muitasaplégthosas de
importancia econémica, como acéacia nedseatia mearnsiiDe Wild), cacau Theobroma
cacaol.), cafeeiro Coffea arabica..), citrus Citrus spp.), eucaliptoEucalypts spp.), figo

(Ficus caricaL.), gmelina Gmelina arboreaRoxb), mangueira (Mangifera indica L.) e
15



seringueira lHeveabrasiliensis (Willd. ex Adr. de Juss.) Muell & Arg], além de almgas
herbaceas, como batata dolgmoeabatatas(L.) Lam]. E um patégeno que atinge o xilema
da planta e exala odor de fruta madura que atsatds (vetores) que Sao responsaveis por

transmitir a doenca para outras arvores.
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Abstract

Premise of the studyRhizoctonia solanis a pathogenic ubiquitous fungus $olanum
tuberosumcultures, causing severe losses in productiomtRP&sistance can be induced by
molecules that promote natural plant defense systerthe present study, the efficiency of
the inducers Acibenzolar-S-methyl (BIGN and extracts oCeratocystis fimbriatg CTS)
and Xanthomonas axonopod{XTH) were evaluated in potato plants inoculateidhwhe
pathogenic funguRhizoctonia solani

Methods: Inducers were prepared from bacterial suspensiol. axonopodigXTH), the
fungusC. fimbriata (CTS) and commercial inducer Bion®. Potato plamée sprayed and
after five days, they were inoculated with the pgtnic fungusR. solani Development and
progression of disease causedRbysolaniwas monitored over 35 dpi. Phenolic compounds;
flavonoids; proteins and enzymatic activity of padase (POX) and polyphenol oxidase
(PPO) vere evaluate8 days post-inoculation (dpi).

Key results:Plants treated with the inducer XTH showed resis#ao the pathogen at 21 dpi.
The biotic inducer XTH was more efficient than B®rand CTS on promoting plant
resistance. The highest activity of POX was obskrae 9 dpi for the treatment XTH.
Inoculation ofR. solanicaused a progressive increase in the activity@X fh XTH- and
control-plants. Both CTS and Bircaused reduction on PPO activity over time. Lewéls
phenolics compounds and flavonoids were similarragradl treatments.

Conclusions:Plants were more susceptible Ro solaniwhen treated with CTS or Bion®.
XTH showed a positive effect on plant resistancéH)presented a good potential as inducer,

delaying disease progression and promoting plamteace again®. solani

Key words: Ceratocystis fimbriata; Xanthomonas axonopodicibenzolar-S-methyl;

polyphenol oxidase; peroxidases.
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INTRODUCTION

Rhizoctonia solanKihn is a pathogenic fungus that occurs worldwadd causes important
economic losses in a wide variety of crop plantsdé@rson, 1982). This fungus is ubiquitous
in Solanum tuberosuraultures, causing severe losses in production \(iBaret al, 1996).
The most characteristic symptoms Rf solaniinfection is the formation of lesions in the
roots (cancro) and production of sclerotia calldéack scab in potato tubers, reducing the
market value of this crop. Control &. solanibased on fungicides is often not effective,
especially when infestation levels are high in fiamgn(Tsror and Peretz-Alon, 2005). A novel
and alternative approach for controllily solaniis the promotion of natural plant defense
system, representing a strategy for managementamtcol of diseases.

Plant protection system can be induced by moleculbih are highly conserved
molecular patterns present in a given class ofaoiganisms (pathogenic or not). Molecules
that are recognized by plants and are able to mdieatense responses are know as inducers
(Thommaet al, 2011). Defense responses driven by inducers@reathogen-specific and
consist in biochemical and structural changes m phant, such as the accumulation of
salicylic acid and reactive oxygen species (ROBgngthening of cell wall by lignification
(Anterola and Lewis, 2002), and the synthesis gtqdiexins (Heet al, 2002). Inducers can
also lead to a lasting defense response in plegfesyred as to Sistemic Acquired Resistance
(SAR). Starting with signs made by SAR, the plaah gelease metabolites as enzymes
peroxidases (POX); polyphenol oxidases (PPO) aoset} related to the induction of
resistance in plants (Mohammadi and Kazemi, 2008;eQal., 2003, Yao and Tian, 2005).
and phenylpropanoids which is related to the meshas of adaptation and protection of
plants to (Chakrabortgt al, 2001).

Phenylpropanoids are the most important compoumdise metabolism of plant defense
and might be oxidize from a nontoxic form to a toxXorm, such as quinines, by PPO
(Macheix et al, 1986). Moreover, peroxidases represent anothaupgof plant defense-
related enzymes, which are most likely involvedartification of cell walls when plants are
attacked by pathogenic microorganisms.

Several synthetic activators of defense metabolswe been characterized, such as
benzol (1,2,3)-7-thiadizole carbothionic acid S-nyktester (BTH), 2,6-dichloroisonicotini
acid (INA) and N-2-Cyanomethyl-chloroisonicotinamidNCI), leading to plant resistance
against various pathogens (Yaswdal, 2003). The synthetic inducer acibenzolar-S-methy
(BION®) has been used commercially to promote defensaltirey in plant resistance against

fungi, viruses and pathogenic bacteria (Reseetdal, 2002). On the other hand, biotic
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inducers, such as autoclaved extracts of pathodpauteria, have been shown to be effective
on promoting resistance &. tuberosunagainstPectobacterium carotovoruifiPoiatti et al,
2009) causing hypersensitivity response and increasiggthesis of plant defense
compounds. Similarly, pretreatment of tomato plawith harzianolide compound from
Trichoderma harzianumwas efficient on promoting SAR and reducing folesions caused
by Sclerotinia sclerotiorunfCai et al, 2013).Wu et al.(2013) showed that incompatiblses

of Fusariumcan be used to promote SAR in banana (Musa AAAe@dish subgroup)
conferring resistance against compatible racdaugarium

Whereas the plant defense responses are not patBpgeific, several reports have
demonstrated the occurrence of wide defense respdeading to resistance of plants to fungi
and bacteria (cross-protection). Various studigmntebenefits from the interaction plant-
rhizobacteria on promoting defense responses adamg and viruses, through the induction
of systemic resistance (Maurhofgral, 1994; Hofte and De Meyer, 1997). Preparatiorth wi
Saccharomyces cerevisiagpplied in strawberry plants promoted increasetvigc of
chitinase and glucanase, enzymes involved in SARwaell as reduced the incidence of
Botrytis cineregdGouveaet al,, 2009). Similarly, the use of chitosan (polysadte obtained
from chitin deacetylation) on strawberry plantsutesd in resistance against pathogenic fungi
(Mazaroet al., 2008).

In the present study, the efficiency of the indscéwcibenzolar-S-methyl (BIOR),
Ceratocystis fimbriataextract andXanthomonas axonopodextract (Pl 0805370-7) against
the pathogenic funguRhizoctonia solanin S. tuberosunplants was evaluated. Disease
progression in infected plants was assessed byattes on the levels of, phenolics
compounds and the fraction of quercetinic flavospidnd changes on defense-related

enzymes, such as peroxidase and polyphenol oxidases

MATERIAL AND METHODS

Plant material

Potato tubers, cultivar Agata, were disinfestedtimanol 70% for 1 min, followed by sodium
hypochlorite (2% active chloride) for 20 min andndicide Ridomil Gold MZ (3 g/L;
Syngenta SA) for 20 min. Disinfested tubers werenserged in gibberellic acid (GA25
mg/L) for 30 min for dormancy loss. Then, tubergaviansferred to trays with filter paper
and maintained at 25%2 and 16 h-photoperiod for about 15 days, untiloshi®evelopment
was achieved. Healthy shoot-containing tubers wremesferred to plastic pots (11 L) filled

with organic soil. Pots were maintained in greerdgofor approximately five weeks, when
24



plants were used for experiments.

Inducers of plant defense

The fungusCeratocystis fimbriatapathogen oEucalyptus spand incompatible with potato
was used as biotic inducer of defense (Baker e2@03). Fungus was cultivated on semisolid
potato-dextrose-agar (BDA), at 26 °C for seven dinducer solution consisted was prepared
from the mycelia removed from the culture platethwine aid of a scalpel blade, solubilized
in sterile distilled water and autoclaved (121 ACatm) for 20 min. Autoclaved solution
(CTS) was homogenized with a microgrinder. Simyladutoclaved extracts dfanthomonas
axonopodigv citri (XTH) were used as plant defense inducer. Bactegi@ cultivated in LB
liquid medium for 48 hours at 2&, at 100 rpm. The procedure for centrifuging araghing
the pellets was the same as previously describddhencell concentration was adjusted for
10® — 1@ cfu/mL (ODsoonm = 1.0) (Poiattiet al., 2009). Cell suspension was autoclaved at
121°C, 1 atm for 30 min. Solution of synthetic induéaiibenzolar-S-methyl (ASM) (Bion®
500WG, Syngenta) was prepared with sterile dist¥eater at 500 mgL

Experiment design
Experiments consisted in the use of inducers ohtpldefense prepared from bacterial
suspension oK. axonopodigXTH), the fungusC. fimbriata(CTS) and commercial inducer
Bion®, sprayed on potato plants. All inducers were agpbn potato plants with the aid of
atomizer (5 ml plant), to ensure uniformity of spraying on leaf surfaetants sprayed with 5
ml of sterile distilled water were used as contrBive days after spraying the inducers, plants
were inoculated with the pathogenic fundriszoctonia solanas a challengindR. solaniwas
inoculated at the stem base of youBigtuberosunplants (five week-old) maintained in
greenhouse. Agar discs (1 cm diameter) with myocskae fixed in shoots with the aid of
moistened cotton and covered with plastic wrap.mStevere previously wounded by
scratching the site of infection.

The experiment was a factorial design with fournpdaper treatment. Analyses were
carried out at intervals of 1, 3, 6 and 9 days 4rustulation (dpi) for biochemical analysis
and 2,7, 9, 14, 16, 21, 23, 28, 30 and 35 dpe¥@aluation of disease progression.

Evaluation of disease symptoms
Development and progression of disease causeR.lgolaniwas monitored over 35 dpi.

Percentage of affected leaflets, number of leavds symptoms and death of leaflets were
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evaluated. The grading scale proposed by Sidhu &stée (1977) was used to evaluate the
progression of disease symptoms. Disease sevedty quantified by visual examination
converted into a percentage of severity, followihg range 0, 1, 2, 3 and 4, expressing the
leaflets condition: O - healthy leaflets; 1 - lighymptoms; 2 - moderate symptoms; 3 - yellow
leaflets and diseased; 4 - dead leaflets. Diseasexi(DI) below 2, 2 to 3, and 3 to 4 were
equated with resistance, moderate resistance &cdsible reaction classes, respectively.
Disease incidence was determined by estimatinghtaotic leaflets (%). The incidence

was plotted against time in order to generate tle@a ainder the disease progress curve
(AUDPC), as shown below:

AUDPC =X][(yi+1 + yi) x 0,5]*[ti+1 - ti], where

yi = percentage of chlorotic leaflets (severitytta i observation); ti = time (in days)

after inoculation withR. solaniat the 1" observation.

Secondary metabolism evaluation
Leaf samples (0.5 g) were ground in 2.5 ml of 80Gridthanol (1:5 w/v) and extracts were
filtered and centrifuged at 1,2%@ for 15 min at 15 °C. Phenolic compounds were gtiadt
by a colorimetric technique using Folin-Ciocaulteaagents and N&Oz (20% wi/v). The
absorbance (765 nm) was determined after 30 mirbatoon at 25 °C in the dark. Gallic acid
was used as standard. Contents of total phenalipoands were expressed as rmgpfjfresh
mass (FM). Levels of flavonoids were determineccspghotometrically at 415 nm using the
reaction with 96% ethanol, 10% aluminum nitrate &nd potassium acetate. The flavonoid
content was expressed as mg of quercetin equigadgritesh weight (Poiatti et al., 2009).
Activities of polyphenol oxidase (PPO; EC 1.14.)8dnd peroxidases (POX; EC
1.11.17) enzymes were quantified in extracts okthinomin vitro plants (0.5 g) grounded in
5 mL of 50 mM sodium phosphate buffer (pH 7.0),damented with 2% (v/v) Triton X-100
and 1% (w/v) polyvinylpyrrolidone. Extracts werétdred and centrifuged at 2,580 for 15
min at 5°C, and the supernatant was collected for deteriomaif protein content and
enzyme assay. PPO activity was determined usirgyaidpnic acid as the substrate at 400 nm
in a spectrophotometer, according to Poiatti et(2009). Specific enzyme activity was
defined as the change in absorbance mir prgtein. Peroxidases activity was determined in
a spectrophotometer by the oxidation of guaiacofZ@ nm, using the extract described
above. The reaction mixture contained 50 mM sodphmosphate buffer (pH 6.0), 0.1 M
guaiacol as substrate and 10 mM hydrogen peroSipecific enzyme activity was expressed

as mKatal mg protein. The protein content in the enzyme exérachs measured by the
26



Bradford methodjsing bovine serum albumin as a standard (Bradi®d6).

Statistical analysis

Data were analyzed by analysis of variance (ANOWAY outliers determined by Boxplot
were eliminated. Variance homogeneity was verifieebugh a graphical representation of
residuals. Means were separated by Duncan T€$,(0b. Statistical analysis was performed
using SPSS 16.0 (SPSS Inc., Chicago, IL, US).

RESULTS

Plants inoculated witlR. solanishowed the characteristic disease symptoms (dankrb
lesions, yellow leaves and stem rot). The first gioms of disease were observed at 9 dpi of
R. solani(Fig. 1), regardless of treatment. Although plargated with XTH, CTS and Bién
showed 100% of disease symptoms at 28 dpi, coptanits reached 100% at 35 dpi. The
disease index (DI) indicated that control plantsemgartially resistant (DI=2.45) agairRt
solani(Table 2). On the other hand, plants treated thighinducer XTH were resistant to the
pathogen at 21 dpi (P=0.011) (Fig. 1) and showeddtvest disease index (DI=0.97) based
on the severity scaléhis time point was chosen for DI evaluation beeaal plants from the
treatment Bion® presented disease symptdmshe present work, light and moderate symptoms
were not possible to be distinguished.

Levels of disease symptoms were similar betweenXhe pretreated plants and
plants from the control treatment (P=0.084). Ind@ngly, the biotic inducer XTH was more
efficient than the inducers Bi8rand CTS (P=0.019) on promoting plant resistaneénatR.
solani(Tab. 1).

Analysis of the POX activity through polynomial regsion showed a trend towards
increased activity of this enzyme in XTH-treate@nts (Fig. 2A). The highest activity of
POX (P <0.001) was observed at 9 dpi (0.328 mKagt protein) for the treatment XTH,
representing 1.9 times higher than the activityeobsd in plants pretreated with Bion®.
Despite the highest activity of POX at 1dpi (P=@phave been resulted from CTS treatment,
this activity was reduced over time%®.74). PPO activity also varied among the treatsien
and along the time (Fig. 2B). CTS caused a redanaiim PPO activity over time. Contrarily,
the highest PPO activities were observed at 3 ami 61.20 and 1.18Abs min‘g? protein,
respectively) in Biofi-treated plants. After this time point, PPO actiwitas reduced (Fig.
2B). Inoculation ofR. solanicaused a progressive increase in the levels of &Ri@ity in

XTH- and control-plants (R0.88 and R=0.93, respectively). However, PPO activity was
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significantly higher in XTH plants (0.88Abs mirlg? protein) than in control treatment
(0.55 AAbs mirtg? protein) at 9 dpi (P=0.01). At this time point, significant difference
was observed amongst plants from control, CTS dnd®Breatments. Comparative analysis
between POX and PPO activities showed a positivk significant (P<0.05) correlation in
CTS-treated plants (r=0.987), indicating paraltalis their activities after fungus infection,
response expected in resistant plants.

Plants pretreated with water (control) or XTH shdwsimilar trend on the
accumulation of phenolic compounds (Fig. 3A). Thhghbst phenolics levels were observed
in the control (2.146 mg¥y FM) and XTH plants (2.148 mgigFM) at 6 dpi, significantly
differing from the other treatments (P<0.01). Hoemuevels of phenolics compounds were
similar among all treatments at 9 dpi (P=0.135)ef@ll, no difference was detected on the
behavior of flavonoid synthesis and accumulatiomagnall treatments throughout the time of
evaluation (Fig. 4B). At 9 dpi, however, signifi¢atifference on Bion®-treated plants was
observed (0.61 mg/g FM) (P=0.018).

DISCUSSION

Plant defense inducers secreted by or released fmamobial may induce a wide range of
unspecific plant defense responses, leading to scrossistance against different
microorganisms. Inducers have been isolated frongifuoacteria and oomycete pathogens
and vary from proteins, peptides, glycoproteingids, and oligosaccharides (Foley et al.,
2013)As expected for these molecules, our prevstudies within vitro cultures showed that
XTH and CTS extracts do not present any inhibiteffgct againsR. solani(data not shown).
Although the effect of XTH was similar to the caoifrthe inducer was the most effective in
promoting plant resistance agairi®t solanj compared to Bidh and CTS. Although both
extracts might be considered biotic inducers, tt#ierent composition may be accounted for
the difference on their effectiveness. XTH is cdogtd by autoclaved cell fragments from
the incompatible bacteridanthomonas axonopodp citri, whereas CTS is constituted by
autoclaved cell fragments from the incompatiblegiusCerathosystis fimbriataComposition

of XTH and CTS suggests that their perception o@uthe plant cell surface by plasma
membrane receptors (PRR — Pattern Recognition Rasgpinitiating PTI-type recognition
(PAMP-triggered immunity), in which the plant pexes the elicitor, activates its innate
immunity and remains in alertness until pathogdacht Interestingly, the faster disease
progression promoted by CTS indicates that thisiged disturbed the plant defense, leading

to defense weakness. The reduced CTS effectivemigist be attributed to a reduced
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solubility of autoclaved compounds present in thede non-filtrated extract, hindering the
plant-inducer recognition. However, it still unknewhe mechanism by which CTS treatment
increased plant susceptibility ®. solani On the other hand, the inducer XTH showed a
positive effect on plant resistance and its effertess might be related to the promotion of
nonspecific signaling pathways, leading to broadefense responses. Similar to XTH-
induced response in potato plants, cross respoaseoiaserved in other species. It has been
demonstrated that the application of chitosan (aeailym extract fronCrinipellis perniciosa
was just as effective on protecting tomato plamggirest Xanthomonas campestrigv.
vesicatoriaand enhancing chitinase afiel,3-glucanase activityS{aughteret al., 2012).
Preparations witfsaccharomyces cerevisiapplied in strawberry plants promoted increased
activity of chitinase and glucanase, enzymes il systemic acquired resistance (SAR),
and the reduction of the incidence of the funBogytis cinerea® Moreover, protein isolated
from mycelium ofB. cinereawas efficient in inducing disease resistance agajray mold
fungus in tomato (Zhang et al., 2010).
Potato plants treated with BiBrshowed the lowest plant protection agaiRstsolani The
differences on plant resistance observed for Bian® XTH treatments might be attributed to
the distinct mechanism of action. The main comporérBion® is Acibenzolar-S-Methyl
(ASM), a salicylic acid (SA) analogue. It belongsthe benzothiadiazoles (BTH) chemical
group, which acts directly activating SA defenséhpay (Slaughteret al., 2012)Bion® has
induced resistance against microorganisms in ddvplants (Faessel et al, 2008; Diwaker et
al., 2010). leading to a durable resistance in wlaa soybean (Gorlach et al., 1996).
Moreover, exogenous BTH was able to reduce lestansed byPeronospora tabacinan
transgenic tobacco plants expressiighG gene (Slaughter et al., 2012), with low SA
production. Indeed, Bion® could induce SA-indepentd@AR. Likelihood, exogenous Bion®
might have more expressive effect on plant resigtagainst biotrophic microrganisms than
against necrotrophic pathogens, sucRasolani

POX and PPO are very important enzymes in plargrdef reaction, which are involved
in the formation of lignin and phytoalexins, beimglated to the development of plant
resistance (Zhang et al., 2010). Therefore, vamatn the enzymes activity can indirectly
reflect plant disease resistance(De Ascensao armkrilpu2000). PPO and POX activities
were reduced over the time on potato plants treatigid CTS. Contrarily, these activities
were continuously promoted by XTH after inoculatiaiith R. solani In general, plant
resistance is correlated to the high POX and PPWitses (Calvalcanti et al., 2006).

Resistant genotypes d¢fenisetum glaucunshowed localized and elevated levels of PPO,
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rapidly induced following infection b$fcerospora graminicolavhereas susceptible cultivars
failed to accumulate PPO even after a considerabie (Raj et al., 2006). It has been
reported that PPO clearly plays a role in the taste of tomato té®?seudomonas syringae
(Thipyapong et al., 2004). Likewise, leaves of kpga Cicer arietinumL.) showed
increased PPO activity after inoculation wiscochyta rabei(Khirbat and Jalali,1998),
implying that this enzyme may be involved in the@éssensitive response. Higher basal level
or a rapid enhancement of POX activity was alsoeplel in grapevines resistant to the
fungus Plasmopara viticola(Kortekamp and Zyprian, 2003). POX catalyzes th#-wall
crosslinking, promoting the strengthening of celilia;, and therefore acting against the
pathogen attack (Calvalcanti et al., 2006).

Synthesis of phenolic compounds is a frontline lenfs defense. The highest level of
phenolic compounds occurred in the control and Xiddtments at 6 dpi. The accumulation
of these compounds and their oxidation by incre®¥e@ and POX activities is deeply related
to plant defense (Calvalcanti et al., 2006). Intesmf that, no significant correlation was
detected in the control and XTH treatments for toenbination of enzyme activity and
phenolic compounds. An important class of phenyprmwids, the flavonoids, are involved in
UV scavenging and disease resistance through geytoa and phytoanticipins (Dixon and
Paiva, 1995) Flavonoids and their derivatives arplicated on resistance induction in citrus
(Ballester et al., 2013). Although flavonoids acclation has been proven to be related to
plant resistance, only Bion® treatment was abladuce an increment on these compounds
at 9 dpi. Intriguingly, this treatment caused asticadisease development, suggesting that
flavonoids were not efficient markers for plantiségnce in potato plants.

In our experiment, all plants were sprayed onlyeowith inducers. However, additional
sprays might improve plant protection, reducingedse symptoms and delaying plant death.
Rhizoctonia solanis an inportant soil-borne necrotrophic fungal pathogerihwi broad host
range and little effective resistance in crop @anhducers may represent a tool for this
disease control, leading to the development of yoted that can promote plant defense
without compromising its growth. However, induceesnot be used as a stand-alone method
for pest management. Although XTH presented a gpotkntial for delaying disease
progression and induced plant resistance, promatiogs resistance against a pathogenic
fungus, experimental conditions have to be optichineorder to improve the plant protection.

30



Acknowledgements
The authors thank Dra. Isabel Cristina Padula Bapifoviding theRhizoctonia solanand

Dr. Esteban Gonzalez (Suzano Papel e Celulosestitépga, SP, Brazil) for providing the
Ceratocystis fimbriata cultures used in this study, Brazilian Agriculiur®esearch
Corporation (Canoinhas, SC, Brazil) for providinget potato tubers, Syngenta Crop
Protection/Brazil for providing Bion®, the Toxicay Institute (InTox/PUCRS) for technical
support.

31



REFERENCES

Anderson, N. A. 1982. The genetics and pathologfRbizoctonia solaniPhytopathology
20:329-344.

Anterola, A.M. and N.G. Lewis. 2002. Trends in lignmodification: a comprehensive
analysis of the effects of genetic manipulationgations on lignification and vascular
integrity. Phytochemistry1:221-294.

Baker, C.J., T.C. Harrington, U. Krauss, and A.GeAas. 2003. Genetic variability and host
specialization in the Latin American clade G@feratocystis fimbriata Phytopathology
93:1274-1284.

Ballester, A. R., M.T. Lafuente, R.C.H Vos, A.G Bpwand L.G.C Ballester. 2013. Citrus
phenylpropanoids and defence against pathogenisl: Régtabolic profiling in elicited fruits.
Food Chemistry 136:178-185.

Banville, G.J., D.E. Carling, and B.E. Otrysko. 69Rhizoctoniadisease on potato. Kluwer
Academic Publishers, Dordrecht, 321-330.

Bradford M.M. 1976. A rapid and sensitive method tbe quantitation of microgram
quantities of protein utilizing the principle ofqtein-dye bindingAnalytical Biochemistry
72:248-254.

Cai, F., G. Yu, P. Wang, Z. Wei, L. Fu, Q. Sherd &4. Chen. 2013. Harzianolide, a novel
plant growth regulator and systemic resistancatetiérom Trichoderma harzianunmPlant
Physiol Biochen73:106-113.

Calvalcanti, F.R., M.L.V. Resende, A.B. ZacaroniMP Ribeiro-Junior, J.C.B. Costa, and
R.M. Souza. 2006. Acibenzolar-s-metil e ecolife inducdo de respostas de defesa do
tomateiro contra a mancha bacteriaXanthomonas vesicatodiaFitopatologia Brasileira
31:372-380.

Chakraborty. U., S. Dutta, and B. Chakraborty. 2@rbugth induced biochemical changes
in young tea leave#ndian Journal of Plant Physiology.103-106.

De Ascensao, A.R. and I.A. Dubery. 2000. Panameades cell-wall reinforcement in banana
roots in response to elicitors fraRusarium oxysporurap. cubense race folrhytopathology
90:1173-1180.

De Meyer, G. and M. Hofte. 1997. Salicylic acid gwoed by the rhizobacterium
Pseudomonas aeruginoF&AISK2 induces resistance to leaf infectionBxuftrytis cinereaon
bean Phytopathology87:588-593.

Diwaker, T., J. Yu-lin, and K. Dhirendra. 2010. SRB a methyl salicylate esterase is
required for the systemic acquired resistance iedulsy acibenzolar-S-methyl in plants.
FEBS Letters 584: 3458-3463.

Dixon, R.A., and N.L. Paiva. 1995. Stress-indupbenylpropanoid metabolisrithe Plant
Cell 7:1085-1097.

32



Faessel, L., R. Nassr, T. Lebeau, and B. Walted82&ffects of the plant defence inducer,
Acibenzolar-S-Methyl, on hypocotyl rot of soybeasused byRhizoctonia solanAG-4. J.
Phytopathologyl 56:236-242.

Foley, R.C., C.A. Gleason, J.P. Anderson, T. Hamama K.B. Singh. 2013. Genetic and
genomic analysis dRhizoctonia solaninteractions with Arabidopsis: Evidence of resis&
Mediated through NADPH oxidaseRlos One8:1-11.

Gorlach, J.S., G. Volrath, G. Knauf-Beiter, U. Hgnd<.H. Beckhove, M. Kogel, T.
Ostendorp, ET AL. 1996. Benzothiadiazole, a novass of inducers of systemic acquired
resistance, activates gene expression and diseaistgance in wheaf he Plant Cell8:629-
643.

Gouvea, A., 0.J. Kuhn, S.M. Mazaro, L.L.M. Mio, Deschamps, L.A. Biasi, and V.C.
Fonseca. 2009. Controle de doencas foliares e atesfle qualidade pds-colheita do
morangueiro tratado co®accharomyces cerevisiddorticultura Brasileira27: 527-533.

He, C.Y., T. Hsiang, and D.J. Wolyn. 2002. Inductiof systemic disease resistance and
pathogen defence responsefsparagus officinalisvith nonpathogenic strains Blisarium
oxysporumPlant Pathology51:225-230.

Khirbat, S.K., and B.L. Jalali. 1998. Polyphenoidase and bound phenol content in leaves
of chickpea Cicer arietinumL.) after inoculation withAscochyta rabeiLegume Re21:198-
200.

Kortekamp, A., and E. Zyprian. 2003. Charactera@abfPlasmopararesistance in grapevine
usingin vitro plants.J Plant Physioll60:1393-1400.

Macheix, J.J., A. Fleuriet, and M.P. Quessada. 1B8®Ilvement of phenols and peroxidases
in wound healing and grafting. Molecular and phigical aspects of plant peroxidases.
(Ed.) Greppin H, Penel C, Gaspar T, Geneva, p.286.

Maurhofer, M., C. Hase, P. Meuwly, J.P. Métrauxd aB. Défago. 1994. Induction of
systemic resistance of tobacco to tobacco necwirsis by the root-colonizingPseudomonas
fluorescensstrain CHAO: Influence of thegacA gene and of pyoverdine production.
Phytopathology84:139-146.

Mazaro, S.M., C. Deschamps, L.L.M. Mio, L.A. Bia#i, Gouvea, and C.K. Sautter. 2008.
Comportamento pos-colheita de frutos de moranguapds a aplicacdo pré-colheita de
guitosana e acibenzolar-S-meRlev Bras Frutic30:185-190.

Mohammadi, M., and H. Kazemi. 2002. Changes in xidese and polyphenol oxidase
activities in susceptible and resistant wheat hesmtsulated withFusarium graminearurand
induced resistanc@lant Scil62:491-498.

Poiatti, V.A.D., F.R. Dalmas, and L.V. Astarita. @0 Defense mechanisms 8blanum
tuberosuni. in response to attack by plant-pathogenic bactBrol Res42:205-215.

Qin, G.Z., S.P. Tian, Y. Xu, and Y.K. Wan. 2003h&ancement of biocontrol efficacy of
antagonistic yeasts by salicylic acid in sweet ghéwuit. Physiol Mol Plant Pathob2:147-
154.

33



Raj. S.N., B.R. Sarosh, and H.S. Shetty. 2006. diidan and accumulation of polyphenol
oxidase activities as implicated in developmentredistance against pearl millet downy
mildew disease-unct Plant Biol33:563-571.

Resende, M.L.V., G.B.A Nojosa, L.S. Cavalcanti, MGA Aguilar, L.H.C.P. Silva, J.O.
Perez, G.C.G. Andrade, ET AL. 2002. Induction dfis&ance in cocoa again8rinipellis
perniciosaandVerticillium dahliaeby acibenzolar-S-methyl (ASMRlant Pathologyb1:621-
628.

Sidhu, G.S., and J.M. Webster. 1977. The use oharacid fungal auxotrophs to study the
predisposition phenomena in the root-knot-wilt fusgdisease complex of tomato.
Physiological Plant Patholog$1:117-127.

Slaughter, A., X. Daniel, V. Flors, E. Luna, B. Hpland B. Mauch-Mani. 2012. Descendants
of primed Arabidopsis plants exhibit resistanceéitgic stressPlant Physiol158:835-843.

Thipyapong, P., M.D. Hunt, and J.C. Steffens. 2@0#tisense downregulation of polyphenol
oxidase results in enhanced disease susceptilfilaypta 220:105-117.

Thomma, B.P.H.J., T. Nurnberger, and M.H.A.J. JaosR011. Of PAMPs and Effectors:
The Blurred PTI-ETI DichotomyThe Plant CelR3:4-15.

Tsror, L., and |. Peretz-Alon. 2005. The influemzfethe inoculum source dRhizoctonia
solanion development of black scurf on potatd?hytopatholl53:240-244.

Wu, Y., G.Yi, X. Peng, B. Huang, E. Liu, and J.ady. 2013. Systemic acquired resistance
in Cavendish banana induced by infection with amgompatible strain ofFusarium
oxysporunt. sp. Cubensel Plant Physioll 70:1039-1046.

Yao, H., and S. Tian. 2005. Effects of pre- andtg@rvest application of salicylic acid or
methyl jasmonate on inducing disease resistansaveét cherry fruit in storag@ostharvest
Biology and Technolog$5:253-26.

Yasuda, M., M. Nishioka, H. Nakashita, I. Yamaguctind S. Yoshida. 2003.
Pyrazolecarboxylic acid derivative induces systeautquired resistance in tobac&mosci
Biotechnol Biochen87:2614-262.

Zhang, Y., X. Yang, Q. Liu, and D. Qiu. 2010. Puwation of novel protein elicitor from
Botrytis cinereahat induces disease resistance and drought nckeiia plantsMicrobiol Res
165:142-151.

34



TABLES and FIGURES

Table 1. Area under the disease progress curve (AUDPC)esabf S. tuberosunplants.
Plants were pretreated with autoclaved microbidfaexs (XTH and CTS), Bion® or water
(control). After five days, all plants were inoatédd with Rhizoctonia solani XTH,
Xanthomonas axonopodi& TS, Cerathosystis fimbriata.

Treatments AUDPC

Control 1893.00 (135.15) bc
XTH 1874.71 (188.46) c
CTS 2133.36 (120.92) ab
BION® 2363.65 (64.38) a

*Data are given as mean of four replicates. Nuniheparenthesis
represents standard error of the mean. **Differktters indicate
significant differences in the column (Duncapx0.05).

Table 2. Disease index of. tuberosumnoculated withRhizoctonia solani(Sidhu and
Webster, 1977). Index was determined at 21 dpintPlavere pretreated with autoclaved
microbial extracts (XTH and CTS), Bion® or wateofitrol). After five days, all plants were
inoculated withR. solani XTH, Xanthomonas axonopodi&TS,Cerathosystis fimbriata.

Treatments General reaction Disease index
Control P 2.454
XTH R 0.972
CTS S 2914
BION® S 3.621

"Parcially resistant (P); Resistant (R); Suscep(i)e
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Figure 1. Disease symptoms o8. tuberosunieaflets. Plants were
pretreated with autoclaved microbial extracts (Xamktl CTS), Bion®
or water (control). After five days, all plants wemoculated with
Rhizoctonia solani XTH, Xanthomonas axonopodis CTS,
Cerathosystis fimbriata Asterisks indicate significant differences
amongst means.
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Figure 2. Polynomial regression of peroxidases (POX) acti(i&) and
polyphenol oxidases (PPO) activity (B) over timeintuberosumPlants were
pretreated with autoclaved microbial extracts (Xdmtl CTS), Bion® or water
(control). After five days, all plants were inocigdd with Rhizoctonia solani
XTH, Xanthomonas axonopogli€TS, Cerathosystis fimbriataEquations of
regression are shown for each treatment.
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Figure 3. Polynomial regression of phenolics compounds &{#&) and quercetinics
flavonoids levels (B) over time irS. tuberosum Plants were pretreated with
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days, all plantas were inoculated wiRhizoctonia solani XTH, Xanthomonas

axonopodis CTS, Cerathosystis fimbriataEquations of regression are shown for

each treatment.
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5. RESULTADOS E DISCUSSAO

Indutores de defesa secretados pela plantexeudados por microrganismos podem
induzir uma ampla gama de respostas de defesantaphespecificos , levando a atravessar
a resisténcia contra diferentes microorganismagutbres foram isolados a partir de fungos,
bactérias e agentes patogénicos oomicetos e podeprateinas, péptidos, glicoproteinas,
lipidos, e oligossacarideos.

O indutor XTH mostrou um efeito positivo sobre &ist€ncia das plantas d&
tuberosumao retardar os sintomas da doenca causadR.psolani Sua eficacia pode estar
relacionada com a promocédo de vias de sinalizaéaoespecificas levando a respostas de
defesa mais amplas. Assim, a resposta de defezadertioi observada em XTH com plantas
de batata.

Os indutores podem representar uma ferramenta ¢stea controlo da doenca |,
conduzindo ao desenvolvimento de produtos que pgaemover a defesa da planta sem
comprometer o seu crescimento . No entanto , agongls ndo pode ser utilizada como um
método independente para a gestdo das pragas r&iXbbl apresentou um bom potencial
para retardar a progressdo da doenca e induziwsistérecia da planta , promovendo
resisténcia cruzada contra um fungo patogénico coasliches experimentais devem ser

otimizados , a fim de melhorar a proteccao dastagtan

6. CONCLUSOES

- Os indutores CTS e Bifimao foram eficientes na promocgéo da resisténcgptimtas de

batata contr&hizoctonia solani

- As plantas tratadas com CTS e Bidaoram mais suscetiveis ao patdgeno flingico doague

plantas controle;

- O indutor XTH foi eficiente na promocao da re&mtia das plantas de batata contra

Rhizoctonia solaniretardando o progresso da doenca;

- O aumento da resisténcia de plantas de batataidw por XTH pode estar relacionado ao

incremento progressivo da atividade das enzimas @0©RO;

- O indutor XTH destaca-se como um possivel promda resisténcia cruzada em plantas de
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batata.

7. PERSPECTIVAS

Mais estudos serdo realizados para determinacé&cef do indutor bidtico bacteriano
XTH na promocao de resisténcia em plantassdeuberosuntontra o patdégeno fungida.
solani tendo em vista que no presente trabalho ndodssipel a determinacédo da atividade
da enzima fenilalanina amoénia-liase (FAL), enzireagdande importancia na defesa vegetal.
Bem como, de fitoalexinas, moléculas importantea padefesa vegetal. Da mesma forma, é
necessario a otimizacéo das condi¢cdes do uso downes, como periodicidade na aplicacéo
e concentracao.

Para reforcar os dados de defesa cruzada é necefsZer novos experimentos
utilizando o indutor fungico CTS e um patégeno baaho. Assim sera possivel avaliar o
potencial de CTS na defesa cruzada contra fitobasté

O precedente para 0 sucesso desses experimerni¢oa salidacdo da hipétese de que
€ possivel utilizar apenas um indutor bidtico pam@mover, de forma eficiente, o
estabelecimento de uma resposta ampla de defestalegarantindo a resisténcia contra

patogenos fungicos e bacterianos, sem comprometesoimento e a produtividade vegetal.

40



