U

UNIVERSIDADE FEDERAL DE LAVRAS

WILLIAN LUIS ANTONIO ZANCAN

MOFO-BRANCO EM ALGODAO, GIRASSOL E
FEIJAO: POTENCIAL DE TRANSMISSAO E
EFEITOS NA QUALIDADE DE SEMENTES E

VARIABILIDADE DO PATOGENO

LAVRAS - MG
2014



WILLIAN LUIS ANTONIO ZANCAN

MOFO-BRANCO EM ALGODAO, GIRASSOL E FEIJAO: POTENCIA L
DE TRANSMISSAO E EFEITOS NA QUALIDADE DE SEMENTES E
VARIABILIDADE DO PATOGENO

Tese apresentada a Universidade
Federal de Lavras, como parte das
exigéncias do Programa de Pés-
Graduacéo em

Agronomia/Fitopatologia, area de
concentracdo em Fitopatologia, para a
obtencéo do titulo de Doutor.

Orientador

Dr. José da Cruz Machado

LAVRAS — MG
2013



Ficha Catalogréafica Elaborada pela Coordenadoria dé’rodutos e
Servicos da Biblioteca Universitaria da UFLA

Zancan, Willian Luis Antonio.

Mofo-branco em algodéo, girassol e feijgotencial de
transmisséo e efeitos na qualidade de sementetabilidade do
patégeno / Willian Luis Antonio Zancan. — LavraszllA, 2013.

125 p. :il.

Tese (doutorado) — Universidadderal de Lavras, 2013.
Orientador: José da Cruz Machad
Bibliografia.

1Sclerotinia sclerotiorum2. Sementes. 3. PCR convenciongl.
4. Microssatélite. 5. Algodao — Mofo-branco. 6.d5Bol — Mofo-
branco. 7. Feijao — Mofo-branco. I. Universidaddétal de Lavras.
[l. Titulo.

CDD - 632.43




WILLIAN LUIS ANTONIO ZANCAN

MOFO-BRANCO EM ALGODAO, GIRASSOL E FEIJAO: POTENCIA L
DE TRANSMISSAO E EFEITOS NA QUALIDADE DE SEMENTES E
VARIABILIDADE DO PATOGENO

Tese apresentada a Universidade
Federal de Lavras, como parte das
exigéncias do Programa de Pés-
Graduagéao em

Agronomia/Fitopatologia, é4rea de
concentragcdo em Fitopatologia, para a
obtencé&o do titulo de Doutor.

APROVADA em 22 de novembro de 2013.

Dr. Mario Lucio Vilela Resende UFLA

Dr. Ludwig Heinrich Pfenning UFLA
Dra. Elaine Aparecida de Souza UFLA
Dr. Trazilbo José de Paula Janior EPAMIG

Dr. José da Cruz Machado

Orientador

LAVRAS — MG



2013

Aos meus pais, Luiz Antonio Zancan e Neuza Pefatioan, pela educacéo,

paciéncia, confianca e ajuda nesta caminhada ddédorental importancia em

minha vida, incentivando-me a buscar vida nova diga&stes anos e sempre
proporcionando momentos agradaveis em sua companhia

A minha irma, Maria Cristina Zancan, pelo carinho.



DEDICO



AGRADECIMENTOS

Agradeco, primeiramente, a Deus, pela oportunidadeprivilégio de
compartilhar tamanha experiéncia e que comigo estesada dia, concedendo-
me saude, forca e determinacgéo.

A Universidade Federal de Lavras (UFLA) e ao Depaento de
Fitopatologia (DFP), pela oportunidade e suporta paealizacdo do doutorado.

A Coordenacdo de Aperfeicoamento de Pessoal del Mivperior
(CAPES), pela concessao de bolsa de estudos.

A minha namorada, Nayara Lima Baute, pelo cariamoor e amizade
durante minha presenca e auséncia no periodo derdda sanduiche.
Agradeco também pelo auxilio e disposicido na cdiwldos trabalhos.

Ao meu orientador, professor Dr. José da Cruz Mdahdo Laboratério
de Patologia de Sementes do Departamento de FKitogiat da Universidade
Federal de Lavras, pelo incentivo, ensinamentogaate, presteza e auxilio nas
atividades e discussdes, em todas as fases ddséhu.

Ao Dr. Luiz Gonzaga Chitarra e a Dra. Gilma Silvait@rra, que
sempre me encorajaram, motivaram e apoiaram, aBmrafunda amizade e
incentivo em buscar novas oportunidades.

A toda a equipe do Laboratério de Patologia de &&Be(LAPS) da
Universidade Federal de Lavras, em especial a MBialgado, pelo auxilio na
conducdao destes trabalhos.

Aos amigos Alvaro, Helon, Raul, Rodolpho e Vitog|gpamizade, ajuda
e companheirismo.

Ao Dr. Nelson Dias Suassuna (Embrapa Algodao) eadmratério de
Genética Molecular do Departamento de Biologia dévéisidade Federal de

Lavras, pelos isolados cedidos.



Aos professores e funcionarios do Departamento itbpdtologia da
Universidade Federal de Lavras, pelos conhecimdraasmitidos, em especial
ao professoe Dr. Mario Sobral de Abreu, pela angizadedicacdo e
ensinamentos.

A todos os colegas do DFP/UFLA, pela convivéncianizade.

| wish to express my sincere thanks to Dr. JameStéadman, Rebecca
Higgins e Rachana Jhala at Department of Plant Bty from University of
Nebraska — Lincoln, USA, for their supervision, istesice, attention and
criticism to my daily research activities duringetitime of my sandwich

doctorate

OBRIGADO



Have the courage to follow your heart and intuition
They somehow already know what you truly want
to become. Everything else is secondary.

- Steve Jobs



RESUMO GERAL

Sclerotinia sclerotiorumé um patdégeno causador de doencas em varias
espécies vegetais economicamente importantes emotadundo. A infeccéo
das plantas pode ocorrer através do micélio e/aasdésporos produzidos pela
germinacédo dos esclerodios, ou a partir de mig&smciado as sementes. Estes
tipos de in6culo séo responséaveis pela dissemindgddoenca a curtas e a
longas distancias, em areas isentas do referidgofuhleste trabalho, os
objetivos foram avaliar os efeitos, transmissaemml e deteccdo molecular,
via PCR, deS. sclerotioruma partir de sua interacdo com sementes de
algodoeiro e girassol, e a variabilidade entreado$ deste fungo coletados em
campos de feijoeiro. Em relagcdo aos efeitos e rsmmssao do fungo, foram
utilizados quatro potenciais de indculo, duas cafts (algodoeiro e girassol) e
duas temperaturas (20 e 25 °C). As variaveis aukis foram: germinacao,
sanidade de sementes, indice de velocidade de @moéag estande inicial e
final. Quanto a variabilidade, 25 isolados 8e sclerotiorumcoletados em
campos de feijoeiro foram caracterizados por meie dharcadores
microssatélites, grupos de compatibilidade micel@CMs), agressividade e
sensibilidade a fungicida. Pelos resultados, haworeelacdo entre o nivel do
potencial de inoculo e as varidveis analisadaspeddente da cultivar, do
isolado flngico e da temperatura. A maior taxa ipoté de transmissao d&
sclerotiorumem sementes para plantas foi observada no matengal de
in6culo (96 horas de contato das sementes com gofuratingindo niveis
médios de 72% em girassol e 80,2% em algodoeirdetdccdo do fungo em
sementes destas duas espécies pela técnica de ERuU¥se viavel para esta
finalidade, devendo ser ainda aferida para usdabfibados de microssatélites
agruparam os 25 isolados em quatro clusters e G&Ms. Quanto a
agressividade dentro e entre GCMs, houve diferesigasficativas entre os
isolados. O isolado mais agressivo na selecdo mmiaténcia sera Util na
identificacdo de maiores niveis de resisténciaiahagens de feijao. Iprodiona
inibiu o crescimento micelial d8. sclerotiorumna concentracdo utilizada em
campo de cultivo, enquanto piraclostrobina e metzoh permitiram o
crescimento do fungm vitro. Estes resultados demonstram a importancia do
in6culo micelial deS. sclerotiorumtanto na disseminacdo do patégeno quanto
como agente causador de danos nas espécies hoapeelei condigbes de
cultivo.

Palavras-chave:Sclerotinia sclerotiorum Efeitos. Transmissdao. Sementes.
Variabilidade. Resisténcia.



GENERAL ABSTRACT

Sclerotinia sclerotiorumis a pathogen causing disease in several
economically important plant species worldwide. Thiection of plants may
occur through the mycelium or ascospores producgedhb germination of
sclerotia or mycelia associated with seed. Thegmestyof inoculum are
responsible for the spread of the fungus to shaitlang distances. In this work,
the objectives were to evaluate the effects ancerpiati transmission and
molecular detection through conventional PCRSo&clerotiorunon cotton and
sunflower seeds and variability among isolates ectdld in bean fields.
Regarding the effects and transmission of the farfgur inoculums potentials,
two cultivars of each, cotton and sunflower and teraperatures (20 and 25 °C)
were used in this research. The variables analyzex: germination, seed
health, emergence rate inde, initial and finahdta In relation to variability, 25
isolates ofS. sclerotiorumcollected in bean fields were characterized by
microsatellite markers, mycelial compatibility gpmu(MCGSs), aggressiveness
and sensitivity to fungicides. From the resultgréhwas a correlation between
the level of inoculum potential and the variablealgzed, regardless of cultivar,
fungal isolate and temperature. The highest patefdir transmission ofS.
Sclerotiorumon seeds to plants was observed at the highesht@dtinoculum
(96 hours of fungus covering seeds) reaching meaald of 72% and 80.2% in
sunflower and cotton, respectively. The detectibthe fungus on seeds of both
species by conventional PCR was shown to be viahtk should be further
evaluated for official use in certification progranMicrosatellite data grouped
the 25 isolates into four clusters and seven GGMdgor aggressiveness within
and among GCMs were no significant differences antbe isolates. The most
aggressive isolates in resistance screening wiliddgful in the identification of
higher levels of resistance in bean germplasm/limgodione inhibited the
mycelial growth ofS. Sclerotorunat the concentration used in the field, whereas
pyraclostrobin and metconazole allowed the grovftthe fungusn vitro. These
results demonstrate the importance of the mycel@dulum ofS. sclerotiorum
both the spread of the pathogen as the causal afdatnage to the host species
in cultivation condition.

Keywords: Sclerotinia sclerotiorumEffects. Transmission. Seeds. Variability.
Resistence.
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PRIMEIRA PARTE

1 INTRODUCAO

Sclerotinia sclerotiorum(Lib.) de Bary, agente causal da doenca
conhecida como mofo-branco ou podridao-de-escieagtiesta entre os
patdégenos necrotréficos de plantas mais devaswmd@efungo tem ampla
distribuicdo geogréfica e mais de 400 espéciesduesas de plantas, causando
severas perdas na produtividade em muitas cultdgamportancia agronémica
em todo o mundo (BOLAND; HALL, 1994; BOLTON; THOMMANELSON,
2006; HARTMAN; SINCLAIR; RUPE, 1999).

No Brasil, a doenca vem acarretando grandes pealasodutividade e
na qualidade de grdos e pluma em culturas de gramgesssao para o
agronegocio brasileiro, tais como algodoeif@ogsypium hirsuturrl. var.
latifolium Hutch.), feijoeiro Phaseolus vulgarisL.) e girassol Kelianthus
annuusL.).

S. sclerotiorumé um dos patégenos de solo mais destrutivos ems de
cultivo dessas culturas, tanto pela frequénciacderéncia como pela extenséo
das perdas, atingindo niveis acima de 70% na euttarfeijoeiro e girassol. As
condi¢cBes favoraveis de ocorréncia do patégendes@iperaturas amenas, em
média 20 °C, e alta umidade relativa do ar, acimm@®s (LEITE, 2005).

Um dos principais meios de disseminacdo de patégeamatureza tém
sido as sementes. O patdgeno pode estar preseatecarregado internamente
el/ou transportado através de fracdes impuras e@oditsementes, que podem
conter fragmentos de micélio, corpos de frutificagdesporos de fungos, cistos
ou galhas de nematoides, células e particulasrizads (BALARDIN et al.,
2005; MACHADO, 2000).
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A disseminagéo d8. sclerotiorumassociado a sementes ocorre de duas
maneiras: através dos esclerédios (contamina¢&mwuoutante) e/ou infectando
as sementes tanto internamente como externamenterma de micélio. De
acordo com Tu (1988), cada semente infectada pooduzr de trés a seis
esclerddios, dessa forma aumentando o indculo tm Steadmam (1983)
observou que uma semente foi capaz de formar neaisndesclerédio e este
formar até 20 apotécios, os quais tém a capacidediberar, individualmente,
dois milhdes de ascésporos no ambiente.

A presenca do fungo nas sementes pode resultarfeitnsediretos,
como reducdo do poder germinativo, do vigor, daufsm@o de plantas e,
consequentemente, do rendimento (BOTELHO et all320T0O; TANAKA,
1993).

Dessa forma, uma das medidas para o controle do fi@side no uso de
sementes de boa qualidade sanitaria, livres demgasde esclerddios e de
micélio nos seus tecidosu tratadas com fungicidas recomendados, evitando,
dessa forma, a introducdo do patégeno em éareas low a reintroducéo de
isolados mais agressivos em areas tradicionais (WAQO, 2000; MEYER;
CAMPOQOS, 2009; NEERGAARD, 1979).
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2 REFERENCIAL TEORICO

2.1 Agronegdcio do algodoeiro, do feijoeiro e dorgissol no Brasil

O agronegécio brasileiro vem se destacando munerdim pelos
elevados indices na producédo e na produtividaddadasiras, impulsionando
ainda mais o mercado mundial de gréos. O cenadbablaponta para uma
crescente demanda por produtos agropecudriosediastmudancas de habitos
alimentares e da expansao do mundo emergente. @onmé agricultura, dentre
as culturas que impulsionam o agronegécio bragjlegncontram-se o
algodoeiro, o feijoeiro e o girassol.

A cultura do algodoeiro contribui significativamengara a economia do
Brasil, porém, na safra 2012/2013 houve um recuéarea plantada de 35,8%,
em comparacdo a safra anterior, caindo de 1.39%%4d §95,0 mil hectares.
Estima-se que o indice nacional de produtividaddiande algoddo em caroco
devera alcancar 3.644 kg 'h@safra 2012/2013). Atualmente, a producdo do
algodao no Brasil ocorre, predominantemente, es ésgtados, Mato Grosso,
Bahia e Goias, havendo alguma expansdo em outtagoss A lideranca
pertence ao estado de Mato Grosso que, no anolde &0 responsavel pela
producdo de 46,9% do algoddo em pluma no Bragiljide por Bahia, com
31,8% e por Goias, com 8,2%. As proje¢cbes pargaddb em pluma indicam
producdo de 2,24 milhGes de toneladas, em 2021/26@Rendo-se que,
atualmente, a producao é de 1,50 milhdo de torel@laonsumo desse produto
no Brasil é estimado apresentar um crescimentoaatara anual de 1,4%, nos
préximos dez anos, alcancando um total de 1,1 miflgdtoneladas consumidas
em 2021/2022 (BRASIL, 2012; COMPANHIA NACIONAL DE
ABASTAMECIMENTO - CONAB, 2013).
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Segundo dados da CONAB (2013), a estimativa de plaagtada de
feijoeiro, na safra 2012/2013, no Brasil, foi deO&3.,2 hectares e a
produtividade esperada, de 2.828,4 kg, iaclundo as trés safras (das aguas, da
seca e irrigada). O Brasil ocupa o lugar de maiodytor mundial de feijoeiro,
sendo o consumo médio anual de, aproximadame®tanithdes de toneladas.
Nos ultimos 13 anos, o Brasil tem importado uma imé&hual de 117 mil
toneladas desse produto (BRASIL, 2012).

A cultura do girassol destaca-se como a quintagieaa em producgéo
de matéria-prima, ficando atrds somente das csltdea soja, da colza, do
algoddo e do amendoim. No Brasil, a area plantaglegithssol, na safra
2012/2013, foi de 69,1 mil hectares e a produtiédale 1.599 kg flasendo a
regido centro-oeste (Mato Grosso e Goias) respehg@r 79% da producao
(CONAB, 2013). O Programa Nacional de Producdo e ds Biodiesel
(PNPB), criado pela Lei n. 11.097/2005, determine, g partir de 2013, sera
obrigatéria a adicdo de 5% de biodiesel ao 6lesetlieonsumido no Brasil. Para
isso, serdo necessarios cerca de 2,5 bilhdegaedi¢ biodiesel ao ano.

2.2 Aspectos gerais do mofo-branco em algodoeirarassol e feijoeiro

2.2.1 Importancia econdémica da doenca no Brasil

O agente causal do mofo branco foi descrito, pelagira vez, por
Bary, em 1884 (PURDY, 1979). Contudo, o primeirgistro de sua ocorréncia
no Brasil foi em 1921, no estado de S&o Pauloaathr a cultura da batata,
sendo detectada em seguida, no ano de 1954, mip ekiaRio Grande do Sul,
infectando o feijoeiro (EMPRESA BRASILEIRA DE PESEA
AGROPECUARIA - EMBRAPA, 2004). Na cultura do alg@im, este

patégeno foi relatado na regido de Paracatu, MG, deea plantada com
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algodoeiro cultivar DeltaPine irrigado sob pivé wah na safra de 1996
(CHARCHAR; ANJOS; OSSIPI, 1999).

De acordo com a classificacdo taxon6mica, o fur@merotinia
sclerotiorumpertence ao reino Fungi, flo Ascomycota, classetiomycetes,
ordem Helotiales, familia Sclerotiniaceae (RUGGIERDal., 2012), a qual
inclui espécies que produzem ascos de cor marp@te@os que surgem a partir
de um estroma e esclerdédios associados a planteedwisa (BOLTON;
THOMMA; NELSON, 2006). De acordo com Paula Juniorak (2004), as
estruturas de resisténcia sdo de coloracdo negras,drelativamente grandes
(até cerca de 1 cm de didmetro ou comprimento, eamm maiores) e de
formato irregular.

Sclerotinia sclerotiorum(Lib.) de Bary (Sin.Whetzelinia sclerotiorum
(Lib.) Korf e Dumont), agente causal do mofo-bran& um dos mais
devastadores patdgenos de plantas. Estima-se dsielend08 espécies vegetais
sejam suscetiveis a este patdgeno, pertencentedaanilias e a 278 géneros,
incluindo culturas de grande importédncia econémicaagronegdcio, como
algodao, feijdo, girassol, soja, tomate e batat® (BON; THOMMA,;
NELSON, 2006; LEITE, 2005; PAULA JUNIOR et al., B)0

As perdas anuais causadas ossclerotiorunno Brasil chegam a 50%
na cultura do feijoeiro (CARNEIRO, 2009), podendmgir niveis superiores.
Em periodos chuvosos com temperaturas amenasgo figtle ocasionar perdas
da ordem de 30% a 100% na cultura do feijoeiro Y&LRA, 2005).

Na cultura do girassol no Canada, Dorrel e Hua®y &)1 observaram
reducbes de até 70% no rendimento dos aquénioglodé@vmurcha polS.
sclerotiorum dependendo da fase de desenvolvimento da plantajue a
doenca ocorreu, enquanto Alvarez e Guerra (2008jcagam danos de 9,5% a
32,5% para diferentes hibridos de girassol na oegggCordoba, Argentina. No

Brasil, a incidéncia da doenca no capitulo e néehfas de 17,6% a 100%, em
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regides de clima frio no estado do Parana, nos daak996 a 1998 (LEITE,
2005). De acordo com Backes et al. (2008), houwvkig@o de 66,8% no
rendimento de aquénios em 12 cultivares de giragsnkadas em duas épocas
diferentes, com periodo de 13 dias de diferengalaralto norte-catarinense.

Na cultura do algodoeiro, os danos na produtividada qualidade da
fibra ocasionados por esta doenga no Brasil aifdaséo relatados na literatura.
Porém, de acordo com informac6es de produtoressqusadores na area
relacionada, estes danos séo considerados baitasda@ comparados com a

cultura do feijoeiro ou a do girassol.

2.2.2 Sintomatologia da doenca

Os sintomas caracteristicos da doenca na culturalgioeiro sédo
murchas, seguidas de necrose e podriddo Umidastia k@ peciolo, da folha e
da maca. No interior do capulho é possivel obsenieélio branco de aspecto
cotonoso e esclerédios escuros irregulares do @adoCHARCHAR; ANJOS;
OSSIPI, 1999)No girassol, a podriddo-branca é considerada acdoerais
grave, podendo afetar a raiz, o colo, a haste &péuto. O nivel de perda na
producdo depende do érgdo afetado e do estadioltaac Quando a infecgcéo
ocorre no receptéculo floral, pode ocorrer até edgudo capitulo antes da
colheita e, quando a infeccdo ocorre no capitulémade prejuizos na
produtividade, ha também prejuizos na qualidad&eto (LEITE, 2005).

Geralmente, a infeccdo p@. sclerotiorumse inicia na juncdo do
peciolo com a haste, cerca de 10 a 15 cm do sulgue flores, folhas e demais
tecidos senescentes ficam retidos sob a temperatmena e a alta umidade,
condi¢Bes que favorecem o fungo (OLIVEIRA, 2005).

De modo geral, os sintomas caracterizam-se pocioreato do micélio

branco, com les@es inicialmente encharcadas qaespsgham rapidamente para
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haste, ramos e folhas e que, com o passar do temgoirem coloracéo escura.
Em poucos dias, parte do micélio transforma-se ama massa negra, rigida,
denominada de esclerddios, composta por camadéiatalis ou seja, uma
parede grossa rica em melanina, responsavel pdlarac@o negra dos
esclerddios, uma parede fina e a medula brancaHRIREFF, 2009).

A invasao dos tecidos pelas hifas se da pela seras acido oxdlico e
enzima degradoras de parece, como a poligalacksorda acido oxalico atua
como supressor da explosdo oxidativa em plantgzedegas, desativando um
dos mecanismos mais importantes de defesa de plapaiégenos (CESSNA et
al., 2000).

O acido oxalico secretado pelo patégeno tem pHoapidximo de 4, o
gue favorece a degradacdo da parede celular natogemnfectados, pois
maximiza a atividade de enzimas degradantes. Al&sodremove ions de
célcio ligados a pectinas, expondo as células hlesiges as enzimas catabdlicas
do fungo (BATEMAN; BEER, 1965).

De acordo com Guimardes e Stotz (2004), o aciddicox&ausa
sintomas de ressecamento foliar por perturbacddudgdes das células-guarda
dos estdbmatos, responsaveis pela regulacdo osmatéa de interferir no

hormonio ABA, induzindo a abertura estomatica.

2.2.3 Aspectos epidemioldgicos da doenca

Cerca de 90% do ciclo de vida do furf§josclerotiorunocorre na forma
de esclerédio dormente, podendo permanecer viaveldolo por mais de trés
anos (ADAMS; AYERS, 1979; COOK; STEADMAN; BOOSALISL975).
Alguns fatores influenciam a viabilidade dos esad@rs, reduzindo o periodo de
sobrevivéncia do fungo, incluindo a flutuacdo naidade do solo (MILA;

YANG, 2008), solos Umidos ou inundados com tempeaatsuperiores a 32 °C
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(MATHERON; PORCHAS, 2005), profundidade de entemaior que 5 cm
(COOK; STEADMAN; BOOSALIS, 1975; WU; SUBBARAO, 2008e
degradacao microbiolégica (ADAMS; AYERS, 1979).

Os esclerédios do fungo apresentam duas formasedmiracdo: a
miceliogénica, formando somente hifas e a carpegéproduzindo apotécios e,
consequentemente, ascoporos. Para que ocorra angedim carpogénica, 0s
esclerodios devem receber luz suficiente e um geride frio, seguido do
aumento da temperatura (25 °C) e condicdo de umi@dARKSON et al.,
2007; HUANG; KOzUB, 1991; PHILLIPS, 1987). Os asglms sao
considerados os mais importantes meios de propagagafungo, podendo
ocorrer a disseminacdo dos esclerédios por meigolie contaminado (em
equipamentos agricolas e calgados), adubacdo cdercaesde animais
alimentados com restos de gréos infestadas, ifitgacsementes contaminadas,
entre outros (MEYER; CAMPOS, 2009). Uma vez superadperiodo de
dorméncia, 0 patégeno entra na fase saprofiticacada pela germinacéo
miceliogénica de potencial epidémico reduzido (BON; THOMMA,
NELSON, 2006). Segundo Huang e Chang (2003), aigag&o miceliogénica
do fungo ocorre em condi¢Bes de temperatura eno wen20+2 °C e umidade
relativa do ar acima de 90%.

Em condi¢Bes de camp8, sclerotioruminfecta os tecidos das plantas,
primeiramente folhas e peciolos, através do micdlide ascosporos resultantes
da germinacdo miceliogénica ou carpogénica, respewente, do esclerddio.
No caso da germinacdo carpogénica, o fungo requer fonte exdgena de
energia para que o0s ascoOsporos infectem folhas.engage hastes.
Adicionalmente, a infec¢@o ocorre diretamente vticala, com a formacéo de
apressorios, exceto quando a penetracdo ocorreesti@matos, em alguns
hospedeiros (DOMASCH; GANS; ANDERSON, 1980; STEADMAL983).
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O elevado indice de reproducao, por meio da formagiesclerédios
com capacidade de sobreviver por longo periodemgad, torna estas estruturas

de resisténcia um dos componentes centrais nangipidgia desse patdgeno.

2.2.4 Métodos de controle e relagcbes d&clerotinia sclerotiorum com

sementes de espécies hospedeiras

O controle do mofo-branco é dificultado pela ausérme gendtipos
resistentes e pela ampla gama de hospedeiros dgepat além da elevada
capacidade deste patdgeno em formar estruturaestgéncia, os esclerédios,
gue podem permanecer viaveis por longos periodagrdpo na auséncia de
espécies suscetiveis (GROGRAN, 1979; PHILLIPS, 1989

A tatica mais adequada para controlar o patégenmré meio da
integracdo de vérias medidas de manejo, como userdentes sadias, plantio
precoce, preparo adequado do solo, rotacdo deragufarmacdo de palhada,
controle biolégico com antagonistas, controle qaémpor meio do uso de
fungicidas, espacamentos maiores entre linhas e@mdansidade de plantas.
Embora sejam medidas que atuam na reducdo dadsalerda doenca, nem
sempre 0 controle satisfatério é alcancado (MUELLHRORRANCE;
DERKSEN, 2002; STEADMAN, 1979).

A associacdo de microrganismos com sementes é migarhental
importancia, devido aos danos que eles podem paovas plantas oriundas
delas, além de afetar a quantidade e a qualidageodaito final. Estruturas do
patégeno presente nas sementes constituem o indmiheario para o
desenvolvimento de epidemias e este indGculo pothr fiiavel por longos
periodos, mesmo em condi¢cdes de armazenamento KMBO, 1988).

As sementes s&o importantes veiculos de disseminaig S.

sclerotiorum seja por meio de esclerédios em mistura no latea forma de
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micélio estabelecido nos tecidos internos. A coiriag@io de lotes de sementes
com esclerodios é particularmente preocupante resgl, pela semelhanca
destas estruturas com sementes desta espécie fdeddios. Em algumas
cultivares, sementes e esclerodios do fungo apssem mesmo tamanho, forma
e peso especifico, o que dificulta a remocao deétailo durante a operacao de
limpeza (LEITE, 2005).

Uma das recomendagfes de controle mais importgaes doengas
causadas pd@. sclerotiorume evitar a utilizacdo de sementes contaminadas com
esclerddios que, uma vez depositados no sulcordeashira, poderéo favorecer
a infeccdo pelo fungo. A analise da qualidade &aaidas sementes deve ser
feita antes da implantacdo da cultura. O uso deest® certificadas, de
procedéncia conhecida e certificado fitossanitdei@rigem, é fundamental para
evitar a introducéo do patégeno em areas de produca

Para a soja, a separacdo dos esclerddios podeeiterdirante o
beneficiamento da semente, pelo emprego do sepagapival seguido da mesa
de gravidade. Entretanto, para o girassol, essagantorna-se dificil (LEITE,
2005).

Do ponto de vista epidemioldgico, as sementes timflas exercem um
papel muito importante como agentes de disseminacdie introducdo da
doenca no campo. Entre as propostas de padrfeslatantia para alguns
patégenos associados as sementes no Brasil, o opad® tem sido
recomendado par8. sclerotiorumem sementes de feijdo, girassol e algodao,
pelo Ministério da Agricultura, segundo a Portarta47, de 26 de fevereiro de
2009 (BRASIL, 2009a). Neste caso, a toleranciarégpeiro a presenca ou a
auséncia de esclerédios em mistura com sementesmoatra submetida a
analise sanitaria pelo método visual (OLIVEIRA, 20BARISI et al., 2013).

Segundo Paula Junior et al. (2008), a principal deaentrada dé.

sclerotiorumem uma area isenta do mesmo € por meio das senpattanto,
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Machado (2000) salienta a importancia do tratameoton fungicidas,
oferecendo garantia adicional ao estabelecimentavdara a custos reduzidos.

Além de controlar patégenos importantes transpstigelas sementes, o
tratamento de sementes € uma pratica eficiente gssagurar populacfes
adequadas de plantas, quando as condicdes edaftciimmdurante a semeadura
sdo desfavoraveis a germinacéo e a rapida emeagéetkando-as expostas por
mais tempo a fungos habitantes do solo, c&h@octonia solaniFusarium
spp.,Aspergillusspp. A. flavug, Pythiumspp. eS. sclerotiorum(JULIATTI;
VILELA, 2009; REIS; REIS; FORCELINI, 2007).

O uso de sementes com elevada qualidade fisiolGgisanitaria, ou
dentro dos padrbes de tolerancia estabelecidosasapaincipais doencas, esta
entre as estratégias mais eficazes para dimirdissgminacéo de patégenos. A
comercializagdo de sementes ndo certificadas eélourecomendadas de uma
regido ou de um estado para outro tem sido um atosek responsaveis pela
disseminacdo de patdgenos corBo sclerotiorum (PARISI; PATRICIO;
OLIVEIRA, 2006). De acordo com Machado (1988) e Neergaard (1979), o
indculo de fungos pode ser transportado via sersengeforma de micélio e/ou
esporos, mas a taxa de transmisséo de patégem@spetros fatores, depende,
fundamentalmente, da quantidade e da localizacdmddalo nas sementes.

A transmissdo de patdgenos através de sementeseleewaliada sob
dois aspectos gerais, uma vez que os danos s@wveiariO primeiro aspecto
esta relacionado ao campo de producéo, restringinde efeitos a reducéo de
rendimento, sem afetar a viabilidade das sementa&s,segundo, além de os
patégenos reduzirem o rendimento, apresentam £f##i00sos sobre a semente,
guando colonizam o embrido. Dessa forma, ocorrecfes na porcentagem
de germinacgéo e vigor (CARVALHO, 1999). De acordmcdNeergaard (1977),

a morte de sementes e o tombamento, em fungédotdgepas transportados
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pelas sementes, ocorrem, principalmente, sob cbeslicdesfavoriveis a
emergéncia das plantulas.

Tu (1988) observou que sementes de feijdo infestadam S.
sclerotiorum quando semeadas, tiveram a germinacgdo reduzidenégia de
88% a 100%, e as plantulas oriundas dessas senfieaiesntemente morreram
nos estagios iniciais de desenvolvimento da cultds sementes que néo
apresentaram germinacao foram deterioradas petfpfarde 3 a 6 esclerddios
se formaram no lugar de cada semente, servindonde de in6culo

Em trabalho conduzido por Botelho et al. (2013)nesetes de feijao
infectadas po6. sclerotiorumem diferentes tempos de exposicao a colénia do
fungo, apresentaram reducdes dos indices de ge&dwina estande inicial e o
final, e o indice de velocidade de emergéncia pmpeal ao aumento do
periodo de contato das sementes com o fungo. Aeitah (2006) observaram
também reducdo no estande final de plantas deadgodcom diferentes niveis

de infeccdo po€olletotrichum gossypirar. cephalosporioides

2.3 Variabilidade deSclerotinia sclerotiorum

Estudos populacionais d8&. sclerotiorumtém revelado um modo
predominantemente clonal de reproducédo deste f(@GUBETA et al., 1997;
KOHLI et al., 1995; KOHLI; KOHN, 1998), com algumasvidéncias de
cruzamentos (ATALLAH et al., 2004; BOLTON; THOMMAELSON, 2006;
KOHLI; KOHN, 1998; SEXTON; HOWLETT, 2004). Relatode variagdo
genética dé&. sclerotiorumgenotipica e fenotipica, tém variado, dependelado
localizacdo e da cultura hospedeira na qual oadsslsao coletados.

Clones deS. sclerotiorunpodem ser identificados por marcadores, tais
como DNA fingerprinting grupos de compatibilidade micelial (GCM) ou
microsatélites (AUCLAIR et al., 2004; CARBONE; ANBRSON; KOHN,



24

1999; HAMBLETON; WALKER; KOHN, 2002; KOHN et al., 991,
SIRJUSINGH; KOHN, 2001).

A técnica de grupos de compatibilidade micelial §&Y tem sido
utilizada para determinar variabilidade em isoladiesS. sclerotiorumem
canola, couve-flor, repolho, soja e feijoeiro, rbstados Unidos, Canada,
Austrdlia e Nova Zelandia (CARPENTER; FRAMPTON; SVERT, 1999;
CUBETA et al., 1997; DURMAN; MENENDEZ; GODEAS, 200BORD et al.,
1995; KOHLI et al., 1992; KOHN et al., 1991). Assia incompatibilidade
micelial € uma falha no crescimento de diferergelados em formar uma Unica
colénia e é caracterizada pela formacdo de célmagas e a reducdo de
crescimento entre duas col6nias de isolados.

Kull et al. (2004), em lllinois (Estados Unidogjentificaram 42 GCMs,
em 299 isolados provenientes de campos de sojagemtina e dois isolados de
lllinois, EUA. A maioria dos GCMs foi representagar um Unico isolado,
obervado em um mesmo local de coleta.

Em estudo conduzido por Durman, Menendez e God#B3), 140
isolados argentinos foram caracterizados em 5Qetifes GCM; 27 destes
GCM consistiram em varios isolados. Apenas doistedesgrupos de
compatibilidade micelial foram compartilhados psolados coletados de mais
de uma cultura estudada (soja, alface e girassahaioria dos GCM foi Unica
para cultura hospedeira.

Em ambientes que mudam continuamente, a coexiatéei varios
GCM estaria favorecida em detrimento de uma pogolagonal, porque o0s
diferentes genétipos sao favorecidos em difereat@bientes (DURMAN;
MENENDEZ; GODEAS, 2003; KOHLI et al., 1992). Tambéram sido
sugerido (DURMAN; MENENDEZ; GODEAS, 2003) que amagucao sexual
e a migracdo de genotipos entre campos podem pertantes na manutencao

de um nivel elevado de variabilidade MCG.
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Gomes et al. (2011) utilizaram 10 loco microssegglipara avaliar a
diversidade e estrutura genética de 79 isoladds. delerotiorunem feijoeiro,
no cerrado brasileiro. Dentre estes locos, oitarfopolimoérficos dentro das
populacdes. Estes dados sugerem que o nivel dedglnico intrapopulacional é
alto, proporcionando, assim, a oportunidade deedisgacdo de alelos raros,
possivelmente incluindo aqueles que controlam oetexdas caracteristicas, tais
como patogenicidade. Além disso, foi observadoauo®fo-branco, na cultura
do feijoeiro nas condicbes do cerrado brasileira;aésado por populagbes
geneticamente diversas d& sclerotiorum sendo este patdgeno altamente

variavel dentro de pequenas areas geograficas.

2.4 Metodologias de deteccdo d8clerotinia sclerctiorum em sementes de

espécies suscetiveis

Em razdo da comprovada associacac@dsclerotiorumcom sementes
de espécies suscetiveis a deteccao deste pataGgeamaestras de sementes, ela
se torna de extrema importancia, como parte de jmaeedoenca (BOTELHO
et al., 2013; TU, 1988).

O diagnostico deste patdgeno de forma precisaeenentes de espécies
de importancia agricola, € imprescindivel como si#gpna implementagéo de
limites de tolerancia nos programas de certificaggaarentena, além da analise
de vigor, germinacdo, determinacdo do potencial dasnentes para
armazenagem e a necessidade da utilizacdo do ématmuimico de sementes
(MACHADO, 1988; MAUDE, 1996).

Atualmente, existem diferentes métodos de detede& sclerotiorum
na semente, com varia¢des na sensibilidade, ntbiigade, na economicidade
e na rapidez na obtencao de resultados (GOULARIS;2ZWACHADO, 2002).

Os métodos utilizados em analise de rotina paracg@b deS. sclerotiorum



26

baseiam-se em diferentes aspectos que variam @esdise visual da fracéo
impura do lote de sementes, incubacao em substegpapel de filtro oblotter
test incubacdo em rolo de papel, incubagcdo em meiekaganofenol (Neon) e,
mais recentemente, técnicas moleculares.

De acordo com as Regras para Analise de SementeBrasil —
(BRASIL, 2009b), 0 método de incubagdo em substtatpapel é recomendado
para sementes das espéciesBdassica oleraceaGlycine max Gossypium
hirsutum Helianthus annuysLactuca sativa Phaseolus vulgarise Pisum
sativum consistindo na incuba¢éo das sementes a tempedE 0 °C a 15 °C,
por um periodo de 14 dias. Uma das dificuldadesnétodo estd no longo
periodo de incubacdo necessario para a formacaoesterddios (KOCH,;
MENTEN, 2000) e o aparecimento de fungos fitopatagé e saproéfritos de
crescimento rapido, dificultando a identificagaoSdesclerotiorum{HENNING,
2005). Além dessas dificuldades, ocorre a germmaid#s sementes, 0 que
implica na necessidade do uso de um herbicidag &taliorofenoxiacético (2,4-
D), produto téxico ao ser humano (MACHADO et aQ032).

O método de incubacado em rolo de papel tem primsiginelhante ao do
teste de germinacdo de sementes, porém, com ad#idal na deteccdo do
micélio cotonoso nas sementes analisadas, comreadédio de esclerddios apos
incubacdo a 20 +2 °C, na auséncia de luz por set® godendo haver
prolongamento deste periodo. Este método é utdipada sementes de soja e de
feijdo (BRASIL, 2009b) e apresenta, como uma ddsggm, a dificuldade em
separar as sementes infectadas das sadias, o dgisygerestimar a incidéncia
do patégeno em foco (PARISI; PATRICIO; OLIVEIRA, @) PERES, 1996).

O método de incubagdo em meio agar-bromofenol (Neesenvolvido
inicialmente por Peres, Nasser e Machado (2002)sis® no uso de um
substrato de agar soélido (batata dextrose agar,)BjpAtamente com o azul de

bromofenol (indicador de pH) e um antibiotico (atdf de estreptomicina),
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obtendo-se um meio de coloragdo azul e que, dévitberacdo de acido oxalico
pelo fungo, torna-se de coloragdo amarela (BRA3W09b; PERES; NASSER;
MACHADO, 2002; STEADMAN; MARCINKOWSKA; RUTLEDGE, 194).
O tempo de incubagcdo das sementes para deteccpreskEnca do fung&.
sclerotiorumocorre em um curto intervalo de tempo, cinco a diais, quando
comparado com o dos demais métodos tradiciona#so&otter testou o rolo
de papel.

Os métodos moleculares baseados na técnic®ofiemerase Chain
Reaction(PCR) tém sido investigados para a deteccdo @eedies patdgenos
em sementes cujas propriedades morfolégicas s&o préiximas (MBOFUNG;
PRYOR, 2010). A reacao de PCR baseia-se no anelangema extensao
enzimatica de um par de oligonucleotideos (pequerdéculas de DNA de fita
simples) utilizados como iniciadoreprifnery que delimitam a sequéncia de
DNA de fita dupla alvo da amplificacdo. Freemaralet(2002) desenvolveram
primers especificos a partir da regiao ribossémica int@ogé ITS (nternal
transcribed spacgr utilizando a técnica de PCR convencional pastirdiao de
S. sclerotiorunde outros fungos. Qimersdescritos pelos autores estdo sendo
utilizados com sucesso na deteccadsdsclerotiorumem algumas espécies de
plantas.

Estas técnicas mostram-se promissoras para estg@fione apresentam
alta sensibilidade e especificidade (JACCOUD et &002), além de
apresentarem a vantagem de avaliacdo de um gramderam de amostras em
curto espaco de tempo, podendo ser utilizadas aletdr programas de
certificacéo.

Apesar da grande sensibilidade da técnica de PQienoional,
trabalhos envolvendo a diagnose de patdgenos adssch sementes encontram
dificuldades na deteccdo de patdgenos, quando estdobaixos niveis de
infestacdo (KONSTANTINOVA et al.,, 2002). Para cangr o problema, é
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recomendével o uso da BIO-PCR, cujo objetivo égemeéer a biomassa do
fungo na semente e, assim, proporcionar 0 aumengesibilidade da técnica
(PRYOR; GILBERTSON, 2000).
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ABSTRACT

Sclerotinia sclerotiorunhas wide distribution and several host speciessingu
severe losses in economically important crops. @hthe main vehicles for
dissemination of that pathogen is through infestemhfected seeds by means of
sclerotia and dormant mycelium. The aim in thisdgtwvas to evaluate the
effects of the association &. sclerotiorumon cotton seeds and the rate of
potential transmission of the fungus from seedsplants. Four inoculum
potentials (P1, P2, P3 and P4), two cotton culéi@elta Penta and Delta Opal)
and two environmental temperatures (20 and 25 °&@gwsed. The variables
analyzed were: germination, seed heath, emergeteandex, initial and final
stands. Increasing the inoculum potential on coseerds provided gradual
reduction in germination, emergence rate index ataht population. The
highest transmission rates 8f sclerotiorunof cotton seeds to seedlings/plants
were observed in the inoculum potential (P4), 7n@ 84.9% in the cultivar
Delta Penta and Delta Opal, respectively, at teatpes of 20 °C, which is the
most favorable condition for the fungal developmdiitese results indicate the
high risk of using cotton seeds infected ®ysclerotiorumas they may spread
the inoculum of this pathogen, which is also guemaging to initial plant
development.

Keywords: Gossypium hirsutunwhite mold, inoculum potential, seeds
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RESUMO

Sclerotinia sclerotiorumtem uma ampla distribuicdo e diversas plantas
hospedeiras, causando severas perdas em cultorasn@camente importantes.
Um dos principais veiculos de disseminacdo do peaidgé por meio das
sementes na forma de esclerddio e micélio dorméntdjetivo neste estudo foi
avaliar os efeitos da associacdoSdesclerotiorunem sementes de algodédo e a
taxa potencial de transmisséo do fungo de semeatasplantas. Neste estudo
foram utilizados quatro potentiais de inoculo (P2, P3 e P4), duas cultivares
de algodoeiro (‘Delta Penta’ e ‘Delta Opal’) e dtemperaturas de crescimento
(20 e 25 °C). As variaveis analisadas foram: geagéo, sanidade de sementes,
indice de velocidade de emergéncia, estande ingcifihal. O aumento do
potencial de in6culo em sementes de algodoeiroopcamou uma reducéo
gradual na germinacgédo, No indice de velocidadentergéncia e na populacao
de plantas. A maior taxa de transmissadsdeclerotiorumem sementes para
plantulas foi observada no potencial de inoculod?d,média, 75,6% e 84,9%,
nas cultivares Delta Penta e Delta Opal, respentvie, na temperatura de 20
°C, mais favoravel para o desenvolvimento do fuiitgtes resultados indicam o
risco do uso de sementes de algodoeiro infectantaS. psclerotiorurma forma
de disseminacdo do in6culo deste patégeno e a @oeaccampo € um
importante fator de reducdo na produtividade emiemd favoravel para o
desenvolvimento.

Palavras-chave: Gossypium hirsutummofo branco, potencial de inéculo,
sementes
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INTRODUCTION

Sclerotinia sclerotiorun{Lib.) de Bary, causal agent of white mold on
cotton Gossypium hirsutuni. var. latifolium Hutch.) is one of the most
important pathogen in several plants. The fungus hawide geographic
distribution and is able to attack over 400 plaspscies, causing severe yield
losses (Bolton et al., 2006; Hartman et al., 1%8and & Hall, 1994).

In Brazil, S. sclerotiorumwas first reported on cotton in the northwest
region of Minas Gerais State in central pivot a(€harchar et al., 1999).
Currently, the disease has been found in the regioere the cotton is being
cultivated, in both irrigated and dryland areasi{@ha, 2007). In regions where
cotton is cultivated over 600 meters (altitude) amdh precipitation and
temperatures between 20 to 25 °C is thereforegif hisk for producers of that
crop.

Regarding the interaction db. sclerotiorumwith cotton seeds, the
observation of sclerotia and dormant mycelium effimgus within cotton bolls,
as reported by Charchar et al., (1999) and farnoeeted in different areas in
Brazil providesevidence about the close relatigmbbtween that pathogen and
cotton seeds.

According to literature is well known that the adstion of S.
sclerotiorumwith seeds is a big concern in practice due toddwmage that it
may cause to the developing plant in the field #r&drole of infected seeds as
primary source of inoculum in future plantationsofsceptible species. Infected
seeds and sclerotia stand as important primaryuloot for the development of
epidemics (Machado, 1988).
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Management ofsclerotiniadiseasess complex in practice because the
wide range of hosts of this pathogen and its higiacity to produce different
kind of inoculum

The use of seeds with high physiological and healtiality is an
important strategy to manage that disease. Foinihgaseeds with high health
quality is necessary to understand about infectidissemination and
transmission of pathogen from seeds in additioseteral other epidemiological
aspects which interfere in the development of iheasbe.

Based on the current status of knowledge on thatioal betweers.
sclerotiorum and cotton seeds this study was proposed, haviegefore as
objetives: to evaluate the potential effects ot tr@thogen from infected seeds
on the early stage development of cotton and teerdete its potential
transmission rates from mycelial infected seedsh& emerging plants under

controlled growing conditions.
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MATERIALS AND METHODS

Obtaining and multiplication of fungal isolate

The isolate ofS. sclerotiorumused in this study was obtained from
cotton seeds, collected in the municipalitie of @anVerde, State of Mato
Grosso, MT (CMLAPS 246) belonging to the mycologjimallection of the Seed
Pathology Laboratory of the Federal University aivtas. The isolate was
grown initially on PDA media plates and incubated2@ + 2 °C, with a
photoperiod of 12 hours for five days.

Seed inoculation procedures

Seeds of two cotton cultivars, Delta Opal and DdManta, were
disinfested with sodium hypochlorite 1% for 30 swst® rinsed in distilled water
and then dried in a laminar flow hood, on germitasper for 48 hours. The
inoculation was performed by water restriction téghe developed by Costa et
al. (2003) and Machado et al. (2012). By that tépiey PDA substrate amended
with mannitol, at osmotic potential of -1.0 MPa wslpd by software MPPS
(Michel and Radcliffe, 1995) was poured into Pdishes of 15 cm diameter, 20
mL per dish. Mycelial plugs d8. sclerotiorumisolate were placed on the media
and then kept in an incubation chamber at 20 °Cpdwadoperiod of 12 hours for
five days. On the top of the fungal colonies disgtéd seeds were distributed in
a single layer, making sure the contact betweedssaged the fungal mycelium.
The plates were then transferred to incubation ttearat 20 °C for the periods:
0 (P0O), 24 (P1), 48 (P2), 72 (P3) and 96 (P4) hoemsh period standing for
different inoculum potentials. A control was pregzhfor each incubation period

using the seed substrate with mannitol in watéhénabsence @&. sclerotiorum
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Assessing the quality of cotton seeds infected IS¢glerotinia sclerotiorum in
different levels of inoculum potential

The health condition and physiological quality bé tinfected and non
infected seeds were evaluated according to pratodebkcribed in literature
(Brazil, 2009a). The seed health test consistdddabation of seeds on a semi
seletive-bromophenol agar substrate (NEON), asridbest by Nasser et al.,
1999; Peres et al., 2002; Napoleao et al., 2006.riiedium was composed by
39 g/L of Difco potato dextrose agar, 150 mg/L obrbofenol and 5 mL/L of
2,4D (2,4-dichlorophenoxy) and a total of 200 see@dse used for the control
and for each inoculum potential. The seed platee wdistributed in a plant
growth chamber at 20 °C with photoperiods of 12dag At the third and fifth
days of incubation, the seeds were examined forfdhmation of yellow-red
halos around them, which is an indicative of thespnce of. sclerotiorumn
seeds. The plates were also analyzed in sterecosunmpe for growth of
mycelium and presence of sclerotia of that fundgaraZil, 2009a).

Standard germination test was run by the roll papethod (Brazil,
2009b) in which 200 seeds per treatment were ustbdveubation of seeds in a
germination cabinet with temperature adjusted tat25 °C. Evaluation were
made on the fourth and twelfth days, accordinghto Rules for Seed Analysis
(Brazil, 2009b).

To evaluate the emergence speed index, initial fenad stands, seeds
were sown in 300 mL plastic cups containing a 2ittume of sand compost
(Tropstrato HA Hortalicas) three times autoclavéar each cultivar, one
hundred inoculated seeds and one hundred of naolated seeds were sowed,
each seed being planted in single plastic cups06fr8L, which were placed
together in polyethylene boxes in a total of foards per cultivar and inoculum
potential. The experiment was conducted in a grawthms at 20 and 25 ° C.

The rate of seedling emergence was determined iby @aunts of seedlings to



46

the stabilization of plant population. The ratioeshergence rate was calculated
according to the formula described by Maguire (3962e initial and final

stands were evaluated 12 and 25 days after soRA§)

Determination of potential transmission rate of Sclerotinia sclerotiorum
from cotton seeds to plants

The total transmission rate was estimated by time sf the number of
seeds/seedlings killed in pre-emergence as thét ifghe pathogen action plus
the number of emerged plants with symptomatic asyimatomatic infection
(Baker and Smith, 1966; Bergstrom and Shah, 20@@nts were considered
symptomatic when presenting wilt followed by ne@osr damping-off. In V3
growth stage (20 DAS), one of the cotyledons ohgalant was collected and, at
25 DAS, each plant was sectioned in three partyl@mon/stem insertion, apex
and root crown). The evaluation was carried outthey destructive method,
collecting the four fragments, 1.5 cm size, of eatdnt. All sections were
disinfested in 70% alcohol, 1% sodium hypochlogitel then in sterile distilled
water water for 1 min. After drying on paper towdtagments of the same plant
were distributed on semi-selective agar bromophéNebn) medium in Petri
dishes and kept in an incubation at 20 °C for saleys. After this period, the
occurrence of mycelial growth from each plant whsesved basing on the color
change of the substrate and, whenever necessagalfstructures were checked
in microscopy at 80X magnificatiolhe transmission of the pathogen to the
emerged plant and dead non emerged seedlings/plastsonsidered positive
when at least one fragment of the symptomatic gymasomatic plant presented

mycelial growth ofS. sclerotiorum.
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Experimental design

The experimental design for standard germinatiath seed health tests
was completely randomized treatments with fouricepés in a total of 200
seeds for each cultivar and inoculum potential. @ntml treatment was
considered using mannitol to the variable standarchination.

In the specific case of the seed health test, tneaston rate to plants
with symptomatic infection and total transmissiater there was no infection in
the inoculum potential PO (no contact with the fusmgolony) and the treatment
with mannitol (control), because there was absefdengus on the seeds, there
was no incidence and transmission of seeds toiegedl|

For emergence speed index, initial and final stameil®e used 25 seeds
for each cultivar (Delta Opal and Delta Penta), tadn(mannitol) and each
inoculum potential and temperature (20 and 25 °&)ewsed in a total of 100
seeds per treatment. The experimental design wasplete randomized

treatments with four replicates.

Data analysis

Analysis was conducted in factorial schedule caeréig): temperatures
(20 and 25 °C), inoculum potentials (PO, P1, P2,aR8 P4), isolates (11 —
mannitol e 12 - CMLAPS 246 S. sclerotiorurh within of each cultivar (Delta
Opal and Delta Penta) using the R program. Data @&ealyzed using nonlinear
regression test and P-value less than 0.05 wasideved significant. The
graphics were made using the Sigma Plot 12.1 pno@&ystat Software Inc.).
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RESULTS

Both cultivars used in this study, Delta Opal aralt® Penta, presented
initial germination of 99.5% and 98.5%, respecthahd from the health test the
seeds used were free fr@ulerotinia sclerotiorum.

The seed germination was reduced after contacenfsswith the fungus
colony and with the substrate containing only mesiniwhich was used to
inhibit seed germination during the inoculationipér Variance occurred only
in the inoculum potential for each cultivé (( 0.0001) (Fig. 1A). The reduction
in germination rate for the cultivar Delta Opal wé&, while in the cultivar
Delta Penta that reduction was 11% both at thiedsiginoculum potential (P4 —
96 hours), compared with initial germination in tfgsence 08. sclerotiorum

A variable and gradual increase was observed initkh&ence of
Sclerotiniainfection proportional to the inoculum potentidltoe pathogen (Fig.
1B). In the cultivar Delta Opal that increase varieom 15.8 to 70.2%, while in
the Delta Penta the variation was 14.9 to 88.6%hdth cases following the
increase of the inoculum potential.
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Figure 1A) Percentage seed germination in cotton infecte8.lsclerotiorumin
different inoculum potentials (PO — 0, P1 - 24,-P8, P3 - 72 and P4 —



49

96 hours) of the fungus arg) incidence ofS. sclerotiorunin cotton
seeds infected at different inoculum potentials.
For the variables, emergence rate index (vigoiialnrand final stands,

variations were observed among temperatures, éokatd inoculum potentials

for each cultivar (Fig. 2, 3 and 4). The higestueal of emergence rate index
(vigor) were observed on the potential P1, thisi@alecreasing with the increase
of the inoculum potential, following the same treaml observed with cultivars

and temperatures (Fig. 2A and B).

For seeds submitted to different periods of contdttt mannitol (water
restrictor) in the absence &. sclerotiorum reductions were observed in the
physiologic quality of seeds, but in smaller prdjwor in comparison with
inoculated seeds. The highest reductions of vigdhé presence of fungus were
observed in the cultivar Delta Opal at temperaf@éC.
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Figure 2 Emergence rate index of seeds of thevan#ti Delta Penta (A) and
Delta Opal B) inoculated withS. sclerotiorumand non inoculated but
submitted to mannitol (water restrictor) in the efie of the fungus
under temperatures of 20 °C and 25 ° C in a graodim with different
levels of inoculum potential (PO — 0, P1 - 24, PB; P3 — 72 and P4 —
96 hours). I1 - Manitol, 12 - Isolate &. sclerotiorumT1 - temperature
of 20 °C and T2 - temperature of 25 °C.

In relation to the initial stand, a drastic redantiwas observed in the

plant population for each cultivalP (J 0.001). At the highest inoculum potential,
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the population reductions causeddiysclerotiorurm(12) were 76.4 and 71.2% in
the cultivar Delta Penta and Delta Opal, respelgtiv temperature of 20 °C. At
temperature of 25 °C the reduction was 24.4% afé@n the cultivar Delta
Penta and Delta Opal, respectively, which is legsessive when compared with
the temperature of 20 °C (Fig. 3A and B).

Regarding the effect of the water restrictorwis verified also a
decline in the percentage of initial stand, propodl to the increase of the
periods of time of contact between seeds and therwestrictor. In average the
reductions were 10% and 6% in the cultivar Deltat®eand Delta Opal,
respectively for both temperatures used. However,declining slope in that
case was not significant in comparison with theuotion verified whenS.
sclerotiorumwas present in the agar substrate.

These results show that the presenc8.ddclerotiorumn association
with cotton seeds may cause severe reduction inapdepost-emergence of

plants, reducing the plant population in the field.
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Figure 3 Initial Stand (%) of the cultivars: DeR&nta (A) and Delta Opal (B)
inoculated withS. sclerotiorumand non inoculated but submitted to
mannitol (water restrictor) in the absence of thenglis under
temperatures of 20 °C and 25 ° C in a growth rooith wifferent
levels of inoculum potential (PO — 0, P1 - 24, PB;P3 — 72 and P4 —



51

96 hours).. 11 - Manitol, 12 - Isolate 0§. sclerotiorum T1 -
temperature of 20 °C and T2 - temperature of 25 °C.

The statistical analysis of the final stand datalwated 25 days after
sowing (DAS), revealed an interaction among inogulupotentials,
temperatures and isolates for each cultivarj(0.001) (Fig. 4A and B, 5 and
6). The highest reduction of plants population whserved at temperature of
20 °C, in average 88% and 74% of both cultivarsdBenta and Delta Opal,
respectively, at the highest inoculum potential.es& reduction in plant
population was observed at temperature of 25 °@yéarage 37.6 and 30.5% in
both cultivars.

In the absence dd.sclerotiorumin the agar substrate amended with
mannitol the highest values of reduction in popatatoccurred at the higher
osmotic potential. The highest reduction in thetiecai Delta Penta at
temperature of 20 °C was 10.8%, while the smallestuction was 4%,

observed in the Delta Opal cultivar at 25 °C.
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Figure 4 Final stand (%) of the cultivars: Deltanf2e(A) and Delta Opal (B)
inoculated withS. sclerotiorumand non inoculated but submitted to
mannitol (water restrictor) in the absence of thengs under
temperatures of 20 °C and 25 ° C in a growth rooith wifferent
levels of inoculum potential (PO -0, P1 - 24, RB;P3 - 72 and P4 —
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96 hours). 11 - Manitol, 12 - Isolate 08. sclerotiorum T1 -
temperature of 20 °C and T2 - temperature of 25 °C.

Figure 5 Final stands of cultivars Delta Opal ilatien to inoculum potentials at
temperature of 20°CTop trays: referring to cultivar Delta Opal and
inoculum potentials: P1 (B), P2 (C), P3 (D), P4.(Bdtton trays:
referring to Cultivar Delta Penta and inoculum ptids: P1 (G), P2
(H), P3 (I) and P4 (J). Trays A and F referringtte control.

) d =
Sl - i =

Figure 6Final stands of cultivars of cotton Delta Opal @tation to inoculum
potentials at growing temperature of 25°Thp trays: referring to
cultivar Delta Opal and inoculum potentials: P1,(BR (C), P3 (D),
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P4 (E).Botton trays: referring to Cultivar Delta Penta and inoculum
potentials: P1 (G), P2 (H), P3 (I) and P4 (J). $rayand F referring
to the control.

The transmission process 8f sclerotiorumbased on assessment of

symptomatic plants revealed a variation betweenpésaiure and inoculum
potential of each cultivar P [ 0.01). For the cultivar Delta Opal the
transmission rate varied from 25,8 (P1) to 51,3%),(Rvhile in the cultivar
Delta Penta the variation was 11,4 (P1) to 36,6%),(Both cases presenting a
proportional increase of the inoculum potentiateahperature of 20 °C (Fig.
7A).

At temperatura of 25°C, the variation of the traission rate ofS.
sclerotiorumwas less pronounced in comparison with rates &2@he values
being of 11.2% (P1) to 17.8% (P4) in the cultikeita Opal and 11,9 (P1) to
22,1% (P4) in the Delta Penta. For both cultivansl @&emperatures typical
symptoms of the disease, wilting followed by ne@nd mycelial growth on
plants, were observed.

The transmission of the pathogen from seeds to pteymatic plants
was not observed in this study as demonstrated hiey normal isolation
procedures and confirmed by semi-selective aganbpbienol (Neon).

The total transmission rates 8f sclerotiorunin this work according to
inoculum potential and temperature for each cultiffa_l 0.0046). The lowest
percentages of transmission rates were observéehgterature of 28C with
values ranging from 15.9% (P1) to 29.1% (P4) in ¢h#ivar Delta Opal and
26.8% (P1) to 34.3% (P4) in the cultivar Delta Rent

At 20 °C the highest rates of total transmissiomenebserved in the
cultivar Delta Penta with an average of 54.1% (Ri1)84.9% (P4), with a
proportional and sharp increase (Fig. 7B). In thdtivar Delta Opal that
variation was smaller, although the highest trassion rates had been of 49.3
(P1) to 75.6% (P4).



54

It is interesting to note that the lowest ratedadél transmission o§.
sclerotiorumfrom seed to seedlings/plants were observed itothest inoculum

potential of this pathogen.
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Figure 7 Values of transmission ratdf symptomatic infection A) and
transmission rate totgB) of isolate ofS. sclerotiorumby cotton
seeds (cultivars Delta Penta and Delta Opal) atki in growth
chamber with temperature controlled (20 °C and 25 )° and
inoculum potential (P1 - 24, P2 - 48, P3 — 72 aAd-P6 hours). DP
- Delta Penta, DO — Delta Opal, T1 - temperatdr200°C and T2 -
temperature of 25 °C.
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DISCUSSION

The presence of mycelium inoculum $f sclerotiorumin artificially
inoculated seeds of cotton was found to be extrermdamaging to the initial
development of cotton plants under favorable caombt for the disease.
Germination and vigor of infected seeds may bectdfk at variable intensities,
being reduced to levels close to 100%. ConsiddhatS. sclerotiorumnis a soil-
borne pathogen which is able to survive in fields thany years that kind of
resting inoculum has an important role in the cyolehe disease in several
susceptible crops.

Although a small number of temperatures and cotgenotypes had
been used in this study, following a epidemiologgdel established for such
kind of investigation in Seed Pathology (Machadd Bonzza, 2005), it was clear
that inoculum potential of the pathogen associatedseeds as dormant
mycelium is able to reduce to a great extent tieel performance.

At the lowest level of inoculum potential &. sclerotirounmthe mean
values of germination of seeds were of 97.5%. Thwendrastic reduction
caused by the fungus was 1% highest inoculum potential. Under the most
favorable temperature for the diseas€,@ahe reductions in the emergence rate
index provided by the pathogen varied from 3.2r{@tulum potential P1) to 0.4
(at potential of P4), whereas at 25 °C, the redustiwere 5 (P1) to 3.8 (P4) for
both cultivars Delta Opal and Delta Penta. In #tere, no quantification has
been reported as to the effect Sf sclerotioruminoculum from cotton seeds.
Information on seed performance has been repoytdail§1988) and Botelho et
al. (2013) for common bean.

The drastic reduction of the initial and final slarof cotton evaluated at

12 and 25 days after sowing, as the result of fleeafi infected seeds shows that
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mycelium inoculum ofS. sclerotiorumis another potential factor reducing plant
population in the field. Those effects were evenrergevere at 20 °C, in which
reductions of 73.8% and 81% in both initial andafistands, respectively, for
both cotton cultivars were registered. Machadol.e{2801) and Botelho et al.
(2013) had also indicated that mycelium infectigri3 sclerotiorunin soybean
and bean seeds was able to cause high reductiets Ievthe emergence rate
index and initial and final stands under controlbedditions.

The results on the potential seed transmissihiftys. sclerotiorumin
cotton point clearly the high risk of using infettteotton seeds by farmers, once
the presence of the pathogen in the seed is alddet tissues of the emerged
plants and to cause damages in the growing figlasrimission of the pathogen
was demonstrated and quantified in the two cullivand in all inoculum
potentials under both temperatures, 20 °C and 25s%d.

Regarding the transmission rate of the pathogem frdected seeds, it
was observed that even in the lower inoculum p@kmf S. sclerotiorum
transmission rate was high. In the lowest inocupotential (P1) at temperature
of 20 °C the transmission rate $f sclerotiorunwas 51.7%, while in the highest
inoculum potential (P4) the transmission rate Wa8%.

At temperature of 25 °C, transmission raté&soiclerotiorunwas 21.4%
(P1) and 31.7% (P4) for both cultivars Delta Opad ®elta Penta. Investigation
conducted by Tu (1988) on white mold in beans Hemve thatS. sclerotiorum
was able to survive in infected seeds as dormaytelinm in testa and
cotyledons.

An interesting point to consider in this study we results of the
examination of asymptomatic emerged plants fronsuteied seeds. In that case
S. sclerotiorunwas not recovered from any of the examined plagrfients. In
terms of diagnosis and management of this dis¢laaefact is quite relevant as

asymptomatic plants in other pathosystems may feeted by their pathogens
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and that may be the cause of serious and negativeequences for growers
(Oren et al., 2003; Vallad et al., 2005).

Based on the results of this study, it turns oudt tthe presence o8.
sclerotiorumin the seed tissues as dormant mycelium represehigh risk for
cotton growers as this pathogen may be transmitteétie emerged plants and
may cause severe damages to seed performance apthrib population

establishment in the field.
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ABSTRACT

The cultivated area of sunflower in Brazil is exgisug considerably over the
last years as the result of the great intereshénbiodiesel production derived
from that crop. One consequence of that expansidhe occurrence of several
diseases some of devastating nature in part ajnhsing areas with sunflower.
The objective in this study was to evaluate thea of the association of
Sclerotinia sclerotiorunwith sunflower seeds and transmission of this qgin
from infected seeds, considering some factors whichy interfere in that
interaction. Four inoculum potentials of two isektof the fungus, two
sunflower cultivars, Helio 250 and Helio 253 andotwenvironmental
temperatures, 20 and 25 °C, were used for the parpo this work. Seed
germination and health, emergence speed index,ptard populations were
variables analyzed. From the results, increasesldenf inoculum potentials led
to gradual reduction of the mean values of gerrionatemergence rate index
and plant populations, regardless the genotyp@alusolates and temperatures.
Transmission rates were higher at the highest deokinoculum potential, the
maximum reaching 80 %. These results show thefigigntce ofS. sclerotiorum
inoculum associated with sunflower seeds both edstablishment of plant in
fields and also in spreading the pathogen inoclietween crop fields.

keywords: Helianthus annuys physiologic conditioning, sunflower,
transmission, white mold
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RESUMO

A area cultivada de girassol no Brasil tem se edjolanconsideravelmente, nos
Ultimos anos, como resultado do elevado intereaggaducédo de biodiesel. Em
consequéncia do crescimento da cultura, é a owiarée varias doencas que
vem devastando as areas de girassol. O estudedidado com o objetivo de
avaliar os efeitos da associacdo Siderotinia sclerotiorumem sementes de
girassol e a transmissdo do patégeno a partir dmserdes infectadas,
considerando os fatores que podem interferir negtaacdo. Foram utilizados,
neste trabalho, quatro potenciais de in6culo de @mlados de fungo, duas
cultivares de girassol, ‘Helio 250’ e ‘Helio 2532 duas temperaturas de
crescimento, 20 °C e 25 °C. Sanidade e germinag&ocsdmentes, indice de
velocidade de emergéncia e populacédo de plantamfas variaveis analisadas.
A partir dos resultados, o0 aumento do nivel dorpméd de inéculo levou a uma
reducdo gradual nos valores de germinacéo, indiceldcidade de emergéncia
e populacdo de plantas, independente da cultivarisdlado fangico e da
temperatura. As maiores taxas de transmissdo fabservadas nos mais
elevados niveis de potencial de in6culo, atingindeeis proximos de 80%.
Estes resultados demonstram a importancia do iaédelS. sclerotiorum
associado com sementes de girassol, ambos na disgém do in6culo do
patdégeno e como causa de danos em condi¢cdes de.camp

Palavras-chave:Helianthus annuuscondicionamento fisioldgico, transmissao,
mofo branco.
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INTRODUCTION

Helianthus annuus. is susceptible to several diseases and amarg th
white mold caused b$clerotinia sclerotiorunfLib.) de Bary is one of the most
devasting around the world. This disease is disteidh worldwide and its causal
agent may cause infection to several other cropser 408 species and 278
genera of plants have been reported host that gath{Boland and Hall, 1994),
which may survive in soil for several years asingsstructures, sclerotia. Those
structures are able to infect plants through mggelnic and carpogenic
processes (Bolton et al., 2006).

Infected seeds play an important role in the cyflevhite mold of
sunflower as primary inoculum source in the fietdl dor spreading the disease
to long distances. Due to its parasitic and sutvhature,S. sclerotiorumis
considered a pest of high risk in Brazil, being sidared as a non quarantine
regulated pest in certification seed programs gbsan, dry bean, cotton and
sunflower. In those cases the presenc&.oéclerotiorumin association with
seeds, either as sclerotia or internal myceliunoisacceptable.

From previous studies conducted by Tu (19B8%clerotiorunis known
to be able to survive in infected bean seeds amalr mycelia in testa and
cotyledons for 3 years or longer and when infecteeds were sown, 88-100%
failed to germinate. Seedlings from infected semdsequently died from white
mold at an early stage and the seeds that failggtminate were rotted by the
pathogen and three to six sclerotia were formaaldne from each seed.

Nevertheless, only a few reports are found in ditere giving
information on the importance &. sclerotiorunmycelia in seeds of different

hosts, including sunflower. Therefore, the intdmcbetween that pathogen and
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seeds of sunflower remains little understood arsthduld be demonstrated and
quantified on scientific basis.

Quantification of losses caused by white mold inflewver crop is little
known from literature. However it is well known frosunflower growers that
such disease is able to reduce yield to a largengxXbeing a serious threat in a
large area in Brazil where this crop is explored.

The aims in this study were to quantify the effeatsS. sclerotiorum
from infected seeds on sunflower early stage devetmt and to determine the
potential transmission rates &. sclerotiorumfrom mycelial infected seeds

under controlled growing conditions.
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MATERIAL AND METHODS

Obtaining and multiplication of fungal isolates

The two isolates of. sclerotiorumused in this study were obtained
from sunflower seeds, collected in the municipaditof Lavras, State of Minas
Gerais MG (CMLAPS 250) and Montividiu — State of i@ (CMLAPS 423),
both belonging to the mycological collection of tBeed Pathology Laboratory
of the Federal University of Lavras. The isolatesrevgrown initially on PDA
media plates and incubated at 20 + 2 °C, with aqgeriod of 12 hours for five
days.

Seed inoculation procedures

Seeds of two sunflower cultivars, 'Helio 250" (@b 'Helio 253" (C2),
were disinfested with sodium hypochlorite 1% forsgonds, rinsed in distilled
water and then left to dry for 48 hours in a lamiflaw hood, on germitest
paper. The seed inoculation was done by the osntinique developed by
Costa et al. (2003) and Machado et al. (2012).Hay technique, PDA substrate
modified osmotically by the solute mannitol, at @rapotential of -1.4 MPa
adjusted by software MPPS (Michel and Radcliffe93)9was poured to Petri
dishes of 15 cm diameter. Mycelial plugsSfsclerotiorumsolates were placed
on the media and then kept in an incubation charab&20 °C and photoperiod
of 12 hours for five days. On the top of the fungalonies disinfested seeds
were distributed in a single layer, making suresakds were placed in contact
with the fungal mycelium. The dishes were then gfamed to incubation
chamber at 20 °C for the periods: 24h (P1), 4&),(P2h (P3) and 96h (P4)

hours, each period standing for one inoculum pakmf the pathogen. A
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control was prepared for each incubation periothgushe same seed substrate
with mannitol in the absence 8f sclerotiorum.

Assessing the quality of sunflower seeds infected I8clerotinia sclerotiorum

in different levels of inoculum potential

The health condition and physiological performaatéhe infected and
non infected seeds were evaluated according taquotst described in Brazil
(2009b). The seed health test consisted in incoati seeds on a semi seletive-
bromophenol agar substrate (NEON), as describdieimture (Nasser et al.,
1999; Peres et al., 2002; Napoledo et al., 2008hgua total of 200 seeds of
control and inoculated seeds for each inoculum rpiale The plates were
distributed in incubation chamber at 20 °C. At thad and fifth days of
incubation, the seeds were examined for the foomatf yellow-red halos
around seeds, which is an indication of the presef&. sclerotiorunin seeds.
The plates were also analyzed in stereo microsémpenycelium growth and
presence of sclerotia of that fungus (Brazil, 2009b

Standard germination test was run by the roll papethod (Brazil,
2009b) in which 200 seeds per treatment were usedimcubation of seeds in
germination cabinet with temperature adjuste@3at 2 °C. Evaluation was
made on the fifth and ninth day, according to thdeR for Seed Analysis
(Brazil, 2009a).

To evaluate the emergence speed index, initial fenad stands, seeds
were sown in 300 mL plastic cups containing a 2bdtume of sand and substrate
(Tropstrato HA Hortalicas). For each cultivar, li@0culated seeds and 100 of
non inoculated seeds were sown, each seed beintgglan single plastic cups,
of 300 mL which were placed together in polyethgldroxes for a total of four
boxes per cultivar and inoculums potential. Theegxpent was conducted in a
growth rooms at 20 and 25 ° CThe rate of seedling/plant emergence was

determined by daily counts of seedlings to theiktaktion of plant population.
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The ratio of emergence rate was calculated acagriformula described by
Maguire (1962).
Determination of potential transmission rate of Sclerotinia sclerotiorum
from sunflower seeds to plants

The total transmission rate was estimated by time sf the nhumber of
seeds/seedlings killed in pre-emergence as thét ifghe pathogen action plus
the number of emerged plants with symptomatic tidecand asymptomatic
disease (Baker and Smith, 1966; Bergstrom and Ska@0). Plants were
considered symptomatic when presenting wilt folldvbg necrosis or damping-
off. In V3 growth stage (15 days after sowing — DA&e of the cotyledons of
each plant was collected and, at 25 DAS, each plastsectioned in three parts
(cotyledon/stem insertion, apex and root crownk €kaluation was carried out
by the destructive method, collecting the four fregts, 1.5 cm size, of each
plant. All sections were disinfested in 70% alcobadium hypochlorite and 1%
sterile distilled water for 1 min. After drying graper towels, fragments of the
same plant were distributed on semi-selective bganophenol (Neon) medium
in Petri dishes and kept in an incubation at 20 focCseven days. After this
period, the occurrence of mycelial growth from eptdmt was observed by the
color change of the substrate and, when necesfamgal structures were
confirmed with the aid of light microscopy at 80Xagmification. The
transmission of the pathogen to the emerged pladt dead non emerged
seedlings was considered positive when at least fragment of the
symptomatic or asymptomatic plant presented mycetjeowth of S.

sclerotiorum.

Data analysis
For germination and incidence were used 50 seedgdoh cultivar,

isolate and inoculum potential, in a total of 208eds per treatment. For
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emergence speed index, initial and final standss@&ds for each cultivar,
isolate, mannitol and inoculum potential in a tad&l100 seeds per treatment
were used. The experimental design was completeomaized with four
replications. Statistical analysis of variance (AN&) was performed by R
statistical software v 2.15.Data were analyzed using Tukey test and P-value
less than 0.05 was considered significant. Analygs conducted in double
factorial among cultivars and isolates (I 250, B4#hd mannitol) x inoculum
potential (P1, P2, P3 and P4) in each temperafi@reaid 25 °C). The graphics
were prepared using the Sigma Plot 12.1 prograrstésgoftware Inc.).
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RESULTS

Relationship between inoculum potential and qualityof sunflower seeds
infected by S. sclerotiorum

The initial germination percentages of sunflowesdseof the cultivars
used in this study, Helio 250 and Helio 253 wer&o%8nd 93%, respectively.
From the seed health test presence natural in@deff8. sclerotiorumwas not
found in the seed lots used.

Infected seeds by the two isolatesSf sclerotiorumpresented in this
work reductions in the variable germination acaogdio the inoculum potentials
used (Figure 1A). For one cultivar, Helio 250g tleduction was of 25% and
76.5% in relation to both isolates, CMLAPS 423 a@dMLAPS 250,
respectively. The reduction of that variable wagrewigher (73%) for the
cultivar Helio 253, for both isolates comparedtte tontrol.

Regarding the effect of the water restrictor ugedinhibit seed
germination during the inoculation of seeds in agarstrate in the absence of
the pathogen, there was also a decline in the p&ge of seed germination,
proportional to the increase of the periods of toheontact between seeds and
water restrictor in agar substrate. But the demfjrslope was not significant in
comparison with the reduction observed wignsclerotiorunwas present in
the agar substrate.

The incidence 08. sclerotiorumin sunflower seeds, as provided by the
health testing, was correlated with inoculum pad&nf the fungus used for
both cultivars and fungal isolates (Figure 1B).rétation to cultivars, it was
observed a similar reaction & sclerotiorumsolates with a gradual increase in
the incidence of infection, reaching 100% at thghbst level of inoculum
potential (P4).
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Figure 1 A) Percentage seed germination in sunflowdected by S.
sclerotiorumin different inoculum potentials (P1, P2, P3, Bfi}he
fungus and B) incidence 0B. sclerotiorumin sunflower seeds
infected at different inoculum potentiaBars represent Tukey 0.05
mean separation tesbyverlappingbars indicate lack of significant
difference.

For the variables: emergence rate index, initiatl dmal stands,
variations were observed in the factors analyzedlifiérent levels of seed
infection (Figures 2, 3 and 4). The highest valoéssigor (emergence rate
index) were observed on the potential P1, thisevalecreasing with increasing
inoculum potential, with similar trends regardingiltivars, isolates and
temperature (Figure 2 — A and B). For sunflowerdsesubmitted to different
periods of contact with the water restrictor in thiesence of the pathogen,
reductions were observed in the seed performandeinbsmaller proportions

compared to the treatments evaluated in the presaitbe fungus.
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Inoculum Potential Inoculum Potential
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Figure 2 Emergence rate index of sunflower seedbivars: Helio 250 and
Helio 253 inoculated with two isolates 8f sclerotiorum(CMLAPS
250 and CMLAPS 423) in contact with the water ie&ir (manitol)
under temperatures of 20 °C (A) and 25 ° C (B) gr@avth room with
different levels of inoculum potentiddars represent Tukey 0.05 mean

separation tespverlappingbarsindicate lack of significant difference
between treatments.

For the initial stand, at both temperatures ofad@ 25 °C a drastic
reduction was observed in the percentage of that gdapulation for both
cultivars and isolates ofs. sclerotiorum The average values of initial
reductions in the stands were approximately 95%than higher inoculum
potential compared to the lowest level. The cuttidalio 250 infected with the
isolate CMLAPS 423, for two temperatures 20 and 25(Figure 3 - A and B)
showed a decline less severe in initial stand amérgence rate index in
potential inoculum tested when compared with thieeotresults, with the
exception of potential P4, in which there was nifedénce among cultivars.
These results show that the presencesofclerotiorumin association with
sunflower seeds may cause seedling collapse inapce post-emergence,
reducing the plant population in crop fields.
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Figure 3 Initial Stand (%) of sunflower seeds, igalts: Helio 250 and Helio 253
inoculated with two isolates db. sclerotiorum(CMLAPS 250 and
CMLAPS 423) in contact with the water restrictor afmitol) under
temperatures of 20 °C (A) and 25 ° C (B) in a glowbom with
different levels of inoculum potentidBars represent Tukey 0.05 mean
separation tesgverlappingbarsindicate lack of significant difference.

In relation to final stand, evaluated at 25 dayerasowing, there was
little variation among cultivars for each isolate l@tht temperatures used
(Figure 4 — A and B). Under those temperaturesplaat establishment was
reduced largely, reaching up to 95% in the higheculum potential for both
cultivars and isolates &. sclerotiorunused.

The reduction of the final stand was also observedhe treatment
without the presence &. sclerotiorumbut with the addition of mannitol to the
agar medium. In this case there was an averagectieduof 20% in the

sunflower population under both temperatures (202°C).
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Figure 4 Final stand (%) of sunflower seeds, cattv Helio 250 and Helio 253
inoculated with two isolates d8. sclerotiorum(CMLAPS 250 and
CMLAPS 423) in contact with the water restrictorafmtol) under
temperatures of 20 °C (A) and 25 ° C (B) in a glowbom with
different levels of inoculum potentidbars represent Tukey 0.05 mean
separation tesgverlappingbarsindicate lack of significant difference.

From Figure 4 it is clear that the reduction irafistand was higher with
an increase in inoculum potential 8f sclerotiorumin sunflower seeds, which
can be better visualized in Figure 5, showing fifeceof the fungus on cultivars
and at distinct temperatures used in this work.
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Figure 5Final stands of the cultivar Helio 250 in relatimninoculum potentials
of two isolates at 20°Clop trays: referring to isolate CMLAPS 250
and inoculum potentials: P1 (B), P2 (C), P3 (D),(B% Botton trays:
referring to isolate CMLAPS 423 and inoculum poiast P1 (G), P2
(H), P3 (I) and P4 (J). Trays A and F referringtte control.

Potential transmissibility of S. sclerotiorum by sunflower infected seeds
under controlled conditions

The transmission process based on assessmenttef wbid infections
in symptomatic sunflower plants was demonstratedhia study, being the
transmission rates directly proportional to inocnlpotentials of the pathogen in
infected seeds. However, the rates varied accordinghe cultivar and
environment temperature in the early stage of plenelopment (Figure 6 — A
and B). For the Cultivar Helio 250 the highestrage transmission rate (%
symptomatic plants) was observed when the seeds wfacted by the isolate
CMLAPS 423, with increments close to 6% to 31% d®9 to 37% at a
temperature of 20 °C (A) and 25 °C (B), respectivgiroportional to the
increase of the inoculum potential. In seeds of #ame cultivar infected by
isolate CMLAPS 250, these rates varied in the raofgdll to 31% and nill to
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18% at temperatures of 20 °C (A) and 25 °C (B)peetively, depending on the
inoculum potential. Similar results were observed ¢ultivar Helio 253, in
which seeds were inoculated with isolate CMLAPS 428 had the highest

rates of transmission with symptomatic infectiontfoth temperatures.
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Figure 6 Values of transmission raf@) of isolates ofS. sclerotiorum
(CMLAPS 250 and CMLAPS 423) from sunflower seedsltiears
Helio 250 and Helio 253) to plants with symptomaiiection
cultivated in growth chamber with controlled tergtare (20 °C -
(A) and 25 °C - (B)).Bars represent Tukey 0.05 mean separation
test;overlappingbarsindicate lack of significant difference.

The transmission of the pathogen to asymptomatamtpl was not
observed in this study as demonstrated by the ndewokation procedures and
confirmed by incubation of plant fragments on seglective agar bromophenol
(Neon), demonstrating the absence of the fungussnes of sunflower plants
without disease symptoms.

Regarding the total transmission rateSofsclerotiorum(Figure 7 — A
and B), the results varied according to temperatdoegal isolates and
sunflower cultivars. In general, the highest ratese observed for the isolate
CMLAPS 250, independent of cultivar and temperatthle mean values being
52.2% to 77.2%. For the isolate CMLAPS 423, the meslues of transmission
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rates were 48.5% to 71.7% at both temperatures. |[dlwer rates of total

transmission o86. sclerotiorunwere observed in the lowest inoculum potentials.
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Figure 7 Values of total transmission rate (%) Sf sclerotiorum(isolated
CMLAPS 250 and CMLAPS 423) in sunflower seeds eats (Helio
250 and Helio 253) in different condition of culttion (20 °C - (A)
and 25 °C - (B)).Bars represent Tukey 0.05 mean separation test;
overlappingbarsindicate lack of significant difference.
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DISCUSSION

The association db. sclerotiorunwith sunflower seeds is known well
from literature but the intensity of this interagtiis little investigated and
understood. From epidemiology view the ocurrencihatf pathogen in seeds of
that species may lead do various consequencegjngtarith low plant
establishment in the field and then causing redocin yields and being an
efficient mean of disease dissemination. The imaterpresence ofS.
sclerotiorumin sunflower seeds was able to cause serious desmaghe early
development of this crop. In general, the highecitum potentials caused the
higher seed germination reductions as well as pldewelopment after
emergence. Althoug8. sclerotiorunmay be considered a soil-borne organism
it was clear that its association to sunflower seiedalso an important factor
affecting seed quality for planting.

An interesting factor observed in this studyswthe effects of the
mycelium infection of sunflower seeds in causingstic damages to seed
quality and then representing a serious risk fawgrs using infected seeds.
From the results of different evaluation testsyats clear that internal inoculum
of S. sclerotiorunis able to cause serious reduction in the gericinaates and
in plant vigour in the early stage developmenttw infected plants. At the
lowest level of inoculum potential db. sclerotiroumthe mean values of
germination of sunflower seeds were 86% and thergenee speed index of
1.1, under the most favorable temperaturé Qdor white mold development.
The most severe effects of the pathogen on seedlirgion and plant vigour
occurred at the highest inoculum potential, P4. Theduction of the mean
value of seed germination was 44.3% in relatiotheocontrol (non inoculated

seeds). In relation to vigour, the reduction in thean value was of 52%,
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reaching 94% at the highest inoculum potentiahefgiathogen. In literature, no
quantification has been found as to the effe®.ofclerotioruninoculum from
sunflower seeds. That may be explained by thecditfy to find appropriate
methodology to perform that evaluation. In thapeet the use of the osmotic
technique as described by Machado et al (2012) iedsurement is made
possible.

In relation to the influence of mycelium inoculwhS. sclerotiorunon
the plant establishment in this study it was clda strong action of the
pathogen on that variable, which was evaluatedwat stages of plant
development. In general the impact on that varifdllewed the same pattern
as observed for seed germination and plant vigatrthe highest inoculum
potentials the effect ofS. sclerotiorumwas more severe. There was a
correlation between inoculum potentials and redwnstiof mean values of
stands evaluated on twelve and fifty-five daysradtaving.

With regard the reaction of both sunflower cutsy to bothS.
sclerotiorum isolates, no marked difference was detected betwibem,
meaning that those factors may not play a simitde as temperatures and
inoculum potentials on that interaction althougtttar investigation should be
conducted in this research line, in which a highénber of sunflower cultivars
andSclerotiniaisolates should be used.

Potential effects of other important pathogenimgi in seeds of
important crops in Brazil, such asusarium oxysporurfi sp.phaseoliin bean
seeds, Colletotrichum gossypii var. cephalosporioides and Fusarium
oxysporumf. sp. vasinfectumin cotton seedsStenocarpella maydiand S.
macrosporain maize seeds have been reported in literature imngkneral
inoculum potential in those cases is also respt$dr the determination of

variable levels of damage to seed performance atableshment of plant
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population in fields (Costa et al., 2003; Araldjakf 2006; Sousa et al., 2008).

The study on seed transmissibility 8f sclerotiorumin sunflower
provides a clear understanding about the closeaictien of this pathogen and
seeds of the two sunflower cultivars used in tieisearch. The transmission
rates of the pathogen varied according to inocuhatential and temperature,
the higher rates being observed at the highestulnot potentials and under
lower environment temperature. The higher proportibdead seedlings in pre-
emergence stage show the great potentiality of huwyneinfection by S.
sclerotiorumin causing drastic damages to seed performanceauBe its
ability to survive in soil for many years, as donhaclerotia, dead seedlings
from seed infection represent an important souféeazulum of white mold in
practice. From the epidemiological view such traission pattern means an
alternative way to guarantee the disease in thé ¥iith serious implications
for growers.Investigation conducted by Tu (1988) on white mioldheans had
shown thatS. sclerotiorumwas able to survive in infected seeds as dormant
mycelium in testa and cotyledons, and the rateunfigal varied from 85% to
89% and did not change appreciably over a 3-yedmghe

Interesting to note also in this investigatioratteven at low level
inoculum potentialS. sclerotiorumwas able to be transmitted to seedling and
emerged plants at high proportion. At potential Which consisted in exposing
seeds to the fungal colony for 24 hours, the tintadsmission rate was 50.4%;
whereas at the highest potential (P4) transmissit® was 74.3%. Although
similar transmission rates were observed for thesunflower cultivars and the
two isolates of the pathogen used in this worktioaushould be taken in
making any general conclusion on the effect of ¢heariables. A more
representative number of cultivars of sunflower aofl isolates of S.

sclerotiorumshould be considered for a better understanditigadfinteraction.
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From the examination @. sclerotioruninfection in emerged plants, as
part of the determination of transmission rateshig pathogen, no infection
was detected in asymptomatic plants. In terms agrhsis and management of
this disease, that fact is quite relevant as asymatic plants in other
pathosystems may be infected by their pathogendhatdnay be the cause of
serious consequences for growers (Oren et al.,;208&d et al., 2005). In that

direction, further investigation should be condddi@ confirmation.
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ABSTRACT

Sclerotinia sclerotiorum infection of bean fields, has increased in Brazil
Fungicides application is the control strategy uded to lack of cultivars with
complete disease resistance. To guide the us®latds in resistance screening
25 S. sclerotiorumisolates from Brazilian dry bean fields were cltedzed
using microsatellite markers, mycelial compatigilitgroups (MCGSs),
aggressiveness and fungicide sensitivity. Micrdbtgeprimer pairs were used
to identify polymorphisms among tt& sclerotiorumsolates and MCGs were
determined from interaction of all isolates growdesby-side. Aggressiveness
was derived from a straw test where fungal mycelivas placed over a cut
bean stem and rated for disease progress. Fungipdadione, pyraclostrobin
and metconazole were mixed in PDA agar plates ased to identify
sensitivity of theS. sclerotiorumisolates using radial mycelial growth. Data
from microsatellite profiles grouped the 25 isofateto four clusters and seven
MCGs were identified. No association among hostivad and cluster or MCG
of isolates was observed. For MCGs, 57% contaiseldiies sampled frequently
over multiple locations and 43% contained isolategue to locations. There
were significant differences among isolates in aggiveness within and
between MCGs. The most aggressive isolates intaesis screening will be
helpful in the identification of higher levels ofegistance in bean
germplasm/lines. For identification of the highkstels of resistance the Unai
isolate should be used for screening. Iprodioniitdd mycelial growth at field
concentration, whereas pyraclostrobin and metcdeagiowed some growth.

Keywords: White mold,microsatellites, resistance, chemical control.
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RESUMO

As infec¢cbes de campos de feijoeiro cdBtlerotinia sclerotiorumvém
aumentando no Brasil. Devido & falta de cultivaresistentes, a aplicacdo de
fungicidas é utilizada como estratégia de conti®éea orientar o uso na triagem
de resisténcia, 25 isolados 8esclerotioruncoletados em campos de feijoeiro
brasileiro foram caracterizados por meio de maneimicrossatélites, grupos
de compatibilidade micelial (GCMs), agressividadeeasibilidade a fungicida.
Pares de primers de microssatélites foram utilizados para iderdific
polimorfismo entre isolados d& sclerotiorune GCMs foram determinados na
interac@o dos isolados crescidos lado a lado e D8i A agressividade foi
avaliada a partir do “straw test”, em que o micédliofungo foi colocado sobre a
haste de feijoeiro cortada e classificado quantpmgresso da doenca. Os
fungicidas iprodiona, piraclostrobina e metcondnohm misturadas em placas
contendo BDA e testados para identificar sens#ulél dos isolados d8.
sclerotiorumpor meio do crescimento micelial radial. Dadosrdirossatélites
agruparam os 25 isolados em quatro grupos e sekdsG@am identificados.
N&o foi observada associacdo entre a cultivar lies@ee cluster ou GCM dos
isolados. Para GCMs, 57% dos isolados foram antmsfram diferentes locais e
43% dos isolados em uma Unica localizagédo. Houeeetlica significativa entre
os isolados quanto a agressividade dentro e en@®sG O isolado mais
agressivo na selecdo para resisténcia sera Utlengificacdo de maiores niveis
de resistencia em linhagens de feijdo. Para aifdagfio dos niveis mais
elevados de resisténcia, o isolado de Unai deveusiézado na selecao.
Iprodiona inibiu o crescimento micelial na concagéio de campo, enquanto

piraclostrobina e metconazol permitiram o crescimen

Palavras-chave:Mofo-branco, microssatélite, resisténcia, contoplémico.
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INTRODUCTION

Sclerotinia sclerotiorun{Lib.) de Bary, causal agent of white mold on
dry bean Phaseolus vulgarisL.), is among the most devastating and
promiscuous necrotrophic fungal plant pathogenkénwvorld, presenting a wide
range of hosts, over 408 species, including weedisp and causes severe yield
losses in many important agronomic crops (Bolarditdall, 1994).

To establish management strategies for such disedasemportant to
understand the variation nature of that pathogepojulation and aspects of its
epidemiology.Sclerotinia sclerotiorunmas a haploid somatic phase in which
clonality is the result of both asexual reproductlyy means of sclerotia and
sexual reproduction by self-fertilization (Kohn B)9with the expectation that
intraclonal variation is due to mutation (Carbohale1999; Carbone and Kohn
2001; Hambleton et al., 2002).

Microsatellite alleles are often closely associateith mycelial
compatibility, an independent marker used to ggmtigolates and thought to
be under multigenic regulation (Schafer and Kol@@)& Clarkson et al., 2013).
Microsatellite markers have been very informatinestudying genetic diversity
and population biology d6. sclerotiorundue to the high mutation rates that are
multiallelic in nature, which makes them useful phylogenetic inference
(Sirjusingh and Kohn, 2001).

In previous studies o8. sclerotiorunmvariation, mycelial compatibility
groupings (MCGs) were used to measure populatiearsity among pathogen
isolates. Mycelial compatibility /incompatibilityrguping is a self and nonself
recognition system controlled by multiple loci (Bwoi et al., 2006). High genetic

variability of isolates from bean, tomato, peppentil, sunflower, carrot, radish,
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canola and cabbage of wide geographical origin riazBB was reported using
RAPD markers and MCGs (Litholdo Janior et al., 2011

In addition to geneticsS. sclerotiorumisolates maybe characterized by
measuring aggressiveness on a resistant host.deaflbity may be evaluated in
many ways such as infection efficiency, latent qeri sporulation rate,
infectious period or lesion size (Pariuad et aDp®. By measuring lesion
progress on stems over time, Otto-Hanson et alll(RCOfound thatS.
sclerotiorumisolates collected from dry bean fields in Minrtesarere more
aggressive than isolates from Nebraska, Michigash Afashington, whereas
California isolates were less aggressive than toiected from all other bean
production locations.

Disease control through crop management practiaecbntributed to a
decrease in the inoculum potential of fungi, esglbcisoilborne, in different
regions of the world, but the effectiveness of ngamaent strategies is directly
related to the aggressiveness of the remaininguinot (Hawthorne and Jarvis,
1973). Due to the lack of host resistance the mostmon method to contrd.
sclerotiorumin host crop fields is through the use of fungésd

The objective in this study was to expand the Kedge on
characterization 08. sclerotiorumsolates collected in dry bean fields in Brazil.
Genetic variation, aggressiveness and sensitivitiungicides used to manage

white mold in Brazilian fields were the traits maed.



MATERIALS AND METHODS

88

Sampling of Sclerotinia sclerotiorum isolates from different locations

Twenty-five Sclerotinia sclerotiorumisolates were obtained from

different dry bean cultivars grown in different tets in Brazil: Minas Gerais
(17), Goias (5), Bahia (1), Mato Grosso (1) andaRar(1) between 2009 and

2012 (Table 1). For each isolate in each fielderatla were collected from

infected plants in each state and collection year.

Table 1 Collection information for each bean iselatSclerotinia sclerotiorum

in Brazil

Field Isolate Number Year Location Host cultivar
1 10 2011 Sao Desidério, BA BRS Ametista
2 25 2011 Montividiu, GO Pérola
3 17 2011 Silvania, GO Pérola
4 51C 2009 Rio Verde, GO Pérola
5 54C 2010 Rio Verde, GO Pérola
6 26 2010 Campo Verde, MT Pérola
7 63F 2011 Lavras, MG BRSMG Talisma
8 40 2009 ljaci, MG BRSMG Talisma
9 70B 2011 Patos de Minas, MG BRSMG Majestoso
10 57A 2012 Ventania, PR BRS Pontal
11 60A 2011 Irai de Minas, MG BRS Majestoso
12 61B 2010 Unai, MG IAPAR 81
13 56F 2010 Unai, MG Juriti
14 53B 2010 Paracatu, MG Perdla
15 53C 2010 Paracatu, MG Peréla
16 67A 2010 Coimbra, MG Ouro Vermelho
17 69C 2011 Goiania, GO BRS Monarca
18 66E 2010 Oratorios, MG Ouro Vermelho
19 65B 2010 Canaa, MG Ouro Vermelho
20 64D 2010 Vigosa, MG BRSMG Majestoso
21 71A 2010 Porto Firme, MG Ouro Vermelho
22 71B 2010 Porto Firme, MG Ouro Vermelho
23 52C 2010 Porto Firme, MG Ouro Vermelho
24 43 2010 Lambari, MG S35MA2
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25 58C 2010 Lambari, MG Marcela81

Preparation of isolates for characterization

Mycelial cultures ofS.sclerotiorurmused in characterization studies were
reactivated from stored sclerotia by surface satibn and growing on media
in Petri dishes. Once collected, the isolates wetered in 1.5mL

microcentrifuge tubes at 5°C. Sclerotia were triptesed with (i) 50% Clorox

bleach/50% double-distilled (dd),B solution for 3 min, (ii) ddkO rinse for 3

min, and (iii) a final ddHO rinse for 3 min, then plated on water agar (I g

Bacto agar per liter of ddiD), with four to five sclerotia of each isolate

separated on each plate and incubated at 20-2@r&tb 6 days. An 8-mm plug
from a 5- or 6-day-old culture was transferred fritra margin of the mycelial

colony onto a Petri dish containing PDA (Difco pgotdextrose agar at 39 g/L of

ddH,0) and incubated at 20-22 °C for 2-3 days.
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Molecular characterization

Isolates from all collections were characterizedngismicrosatellite
markers and then analyzed for DNA genotype by ah3¥®0 Genetic Analyzer
(Applied Biosystems). Isolate cultures derived frastock sclerotia were
subcultured onto PDA and incubated at 20-22 °CelAR days four agar plugs

from the colony margin were transferred to a flasktaining 150 ml PDB

(potato dextrose broth at 24 g/liter of dd} and incubated for 3-4 days at 20-

22 °C. The resultant mycelial mat was removed amskd with ddHO using a

Buchner funnel before being blotted dry and lyaghkidl. Total genomic DNA
was extracted from approximately 0.01g lyophilizedycelium using the

phenol/chloroform extraction protocol (Sambrook &bsel, 2001).

Microsatellite analysis

Eight fluorescently-labelled microsatellite primeairs were chosen
from the 25 microsatellite primer pairs developed %irjusingh and Kohn
(2001) to identify polymorphisms among ti® sclerotiorumisolates. These
primer pairs were used in multiplex PCR amplificat for sets of two (7-2,
20-3; 6-2, 110-4; 36-4, 114-4; and 106-4, 92-4) rosatellite loci
(Sirjusingh and Kohn, 2001). Polymerase chain ieadiPCR) amplification
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mixtures of 25 pl contained 5.0uM of each primemMs dNTPs, 50mM

MgCl,, 10x buffer(TaKaRa Ex Taq™) , 0.65 U of TaKaRa Eaq™ DNA

polymerase, and 2.0ul of a 20ng/pl genomic DNA soiu Amplifications
were performed in a Labnet MultiGene Thermal Cycl€€9600-G
programmed for an initial denaturation at 95°C &min, followed by 35
cycles of denaturation at 95°C for 30 sec; primenealing at 56°C for 45
sec; and extension at 65°C for 90sec, with a 30-emitension at 65°C on the
final cycle. PCR products were visualized by gelcélophoresis to confirm
the amplification of the microsatellite loci in thesolate. PCR amplicons

giving visible bands on the gel were diluted 1:50ddH,O to optimize

fluorescent signals and performed fragment analygian ABI 3700 Genetic
analyzer. Data collected after DNA genotyping wearelyzed using Peak

Scanner software (Applied Biosystems).

Mycelial Compatibility Grouping (MCG)

S. sclerotiorunmisolates were also used for mycelial compatibilitgl.
For that, an 8 mm water agar plug was taken fropragmately 1 mm behind
the colony edge and placed mycelia side down ptate of Diana Sermons
(DS) medium (Cubeta et al., 2001). The medium cb@diof malt extract broth
at 40 g/liter (Sigma-Aldrich, St. Louis), NaCl ad g/liter, Bacto peptone at 5
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g/liter (BD Diagnostic Systems, Sparks, MD), Baetgar at 15 g/liter (BD

Diagnostic Systems), McCormick’s red food dye (&Qitgr) and McCormick’s

yellow food dye (80 ul/liter). Isolates were grown DS media plates for 48 h
on the bench top at 20-22 °C before use in an M€ {To determine the
MCGs, each possible pair of isolates was grown Bida-by-side pairing by

placing an 8 mm plug of an isolate from DS cultarea plate of DS medium,
2.5 cm apart. Each isolate pairing was duplicatetlesach pairing was incubated
on the bench top at 20-22 °C for 7 days. The readietween each isolate pair
was evaluated at 7 and 14 days after transfer tsethlifferent observers.
Pairings were scored as compatible when the twlates merged to form one
colony, with no distinct interaction zone. Pairingsre scored as incompatible
when the cultures formed a barrage line of deats @d reduced growth
between the two isolates (Kohn et al., 1990). Témulis were recorded in a
matrix, as either an incompatible or a compatilelaction for each isolate pair.

The experimental design was a randomized completk lwith 2 replications.

Aggressiveness

The straw test, as described by Otto-Hanson ¢2@L1) was conducted
in the greenhouse at 20°C nighttime and 26°C daytiemperatures. For
inoculation, clear drinking straws were cut to & in length and heat sealed at
one end. The open end of the straw was pressethet@verse side of a 2-3 day
old PDA culture at the advancing edge of the mygcefi eachS. sclerotiorum
isolate. The stem of each bean plant was cut 2 lmweathe fourth node (the
internode between the fourth and fifth node). Ttrave containing agar and
fungal mycelium was placed over the cut stem, ardtants were incubated for
8 days when they were rated using the “Modifiedz8let and Dickson Scale”
(Teran et al., 2006). This rating scale is usedstweening bean lines for white

mold reaction: a rating of 1 to 3 is consideredistast (1. plants without
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symptoms; 2. invasion of the fungus beyond inodaasite <linch; 3. invasion
of the fungus near the first internode >1linch)p4tis considered intermediate
(4. fungus expanded to the fist internode; 5. ira®f the fungus beyond the
first internod <1 inch; 6. invasion of the funguean the second internode
>1inch), and 7 to 9 is considered susceptibleyidgfis expanded to the second
internode; 8. invasion of the third internode <hn®. invasion of the third
internode >1inch leading to plant death). Capillmays were placed under pots
for watering from the bottom to prevent washingtb# inoculum.

For the aggressiveness test G122, a partial ploggaal resistance to
white mold (Carneiro et al., 2011), was inoculatégth the 25S. sclerotiorum
isolates from Brazil. A total of 250 pots each avith one seed were planted at
the same time. Twenty-five pots were grouped tageitito a block where each
pot received 1 of the 25 isolates. The experimed&dign was randomized
complete blocks in each replication, with 10 regiicns where a replication was

a complete set of 25 blocks.

Sensitivity of S. sclerotiorum isolates to fungiciden vitro

Technical grade iprodione (96.2%), was provided thg Nufarm
(Morrisville, NC, USA) and pyraclostrobin (95%) amdetconazole (97%) by
BASF (Research Triangle Park, NC, USA). A prelimint&riad using different
concentrations of the three fungicides was conduttiedetermine the range of
isolate sensitivity. Afterwards, the fungicides wedissolved in acetone, to
obtain stock solutions. The stock solutions werdeddto PDA (autoclaved and
cooled to 40 to 50 °C) to yield 0.05, 0.1, 0.2, @8 and 1.6 pg a.i./ mL of PDA
of each fungicide and PDA diluted in acetone wasduas a control. Twenty
milliliters of amended PDA was poured into eactm®diameter petri dish. Each
plate was inoculated with an inverted mycelia plégnm diameter) taken from

edge of three-day-old cultures of each isolate grmm non amended PDA,
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placed centrally onto the fungicide-amended antbaeemedia and incubated at
20-22 °C for 48 hr. Radial mycelial growth was mead to evaluate the

fungicide sensitivity.

The experimental design for the fungicides serigjtiestin vitro was a
randomized complete block with 3 replications foacle of the isolates,

concentrations and fungicides.

Data analysis

The size of base pairs of eaBhsclerotiorumisolate in each primer of
microsatellite marker were analyzed with a multriae statistical package
(MVSP) software version 3.1 (Kovach, 2005) to gr@lip25 isolates. The data
was analyzed by means of un-weighted pair-grouhatktrithmetic average
(UPGMA) algorithm based on squared Euclidean destaralgorithm.

Statistical analysis of variance (ANOVA) of theastrtest and fungicide
sensitivity used the PROC GLIMMIX program in SAS3 &tatistical software
(SAS Institute, 2011). Data were analyzed usingoBimott for aggressiveness
and Tukey for fungicide sensitivity, and P-valuessl than 0.05 were considered
significant.
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RESULTS

The 25S. sclerotiorumisolates from Brazil were grouped into clusters
using a distance-based analysis of the data obtairem 8 microsatellite
markers producing different base pair sizes. Femddograms, generated using
Euclidean, Manhattan metric, Canberra metric andaBgl Chord distance,
produced the same structure and the same fouratiffelusters with similarity
indices of 24, 32, 30 and 28% (Fig. 1).

The first and smallest cluster (I) is made up dfydwo isolates, one
from Oratorios (66E) and one from Vicosa (64D),hoot Minas Gerais State.
The second cluster (Il) contains six isolates, fwon Unai, MG (56F, 61B) and
one each from Porto Firme, MG (71B), Rio Verde, (&aC), Lambari, MG
(43) and ljaci, MG (40). All of the isolates thatlbng to a third (1) cluster can
be divided in two sub-clusters. In one sub-cludtezre are isolates from
Paracatu, MG (53C, 53B), Goiania, GO (69C), Caha&, (65B), Patos de
Minas, MG (70B). The second sub-cluster includefates from Coimbra, MG
(67A), Porto Firme, MG (52C), Lambari, MG (58C), ntania, PR (57A), Irai
de Minas, MG (60A), Sao Desidério, BA (10) and Carverde, MT (26). The
fourth cluster (IV) has five isolates, one eachnmfr&kio Verde, GO (51C),
Montividiu, GO (25), Lavras, MG (63F), Porto FirmdG (71A) and Silvania,
GO (17). There did not appear to be any associatiobean cultivar with
genetic relatedness. An example is the cv. Périthaigolates in MCGs B, C, E,
F and in clusters Il, 1l and IV.
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For MCGs two data readings, 7 and 14 days postsfeanwere
consistent for all three observers and were sunzedrin a final data matrix.
Among the 25 isolates, seven MCGs were identifieable 2 and Fig. 2). The
Vicosa, Patos de Minas and Campo Verde isolates ware incompatible with
all other isolates, making unique MCGs A, D anddspectively. MCG C was
widely distributed across the distance cluster, audludes 52% of the total
isolates, including those from Minas Gerais, Balfarand and Goias States.
The MCGs F and G together accounted for 24% oftated isolates, obtained
from Goias and Minas Gerais State, respectivelg MICG B included isolates

from Goias and Minas Gerais States.
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Table 2 The straw test rating mean and t groupimg dach Sclerotinia
sclerotiorumisolate tested for aggressiveness on G122 betinartih
the greenhouse and compared to 7 mycelial comfigtigroupings

(MCGs)
MCGs Location/Isolate Mean StTaW Test t Grouping
Rating
C Unai, MG (61B) 6.6 a
C Ventania, PR (57A) 6.5 a
G Porto Firme, MG (71A) 6.4 a
B Rio Verde, GO (54C) 6.4 a
G Porto Firme, MG (71B) 6.2 a
C Coimbra, MG (67A) 6.2 a
C Porto Firme, MG (52C) 6.0 a
F Montividiu, GO (25) 5.9 a
B Unai, MG (56F) 5.9 a
F Rio Verde, GO (51C) 5.9 a
C Canaa, MG (65B) 5.8 a
C Lavras, MG (63F) 5.8 a
D Patos de Minas, MG (70B) 5.7 a
C Paracatu, MG (53B) 5.6 a
C Irai de Minas, MG (60A) 5.6 a
C Lambari, MG (58C) 5.5 a
F Silvania, GO (17) 5.3 b
B ljaci, MG (40) 5.3 b
C Paracatu, MG (53C) 5.3 b
C Lambari, MG (43) 5.3 b
G Oratérios, MG (66E) 5.2 b
E Campo Verde, MT (26) 4.9 b
C Goiéania, GO (69C) 4.4 c
C Sao Desidério, BA (10) 4.2 c
A Vigosa, MG (64D) 4.1 c
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Figure 2 Associated of mycelial compatibility gresug MCG 1, ® MCG 2,A
MCG 3,m MCG 4, MCG 5, MCG 6 andad MCG 7) with locations
of S. sclerotiorumisolate collections from bean field in 5 states in
Brazil.

The aggressiveness ratings of 25 isolates, comtdswates that were
significantly different from each otheP£0.0002) (Table 2) and there were no
significant differences due to blockin§<0.1186). The coefficient of variation
(CV) was 21.78%. The straw test rating means paatis on cultivar G122
ranged from 6.6 to 4.1. The aggressive isolatemddrthree different groups:
the first was composed of isolates from Unai (618 &6F), Ventania (57A),
Porto Firme (71A, 71B and 52C), Rio Verde (54C &if), Coimbra (67A),
Montividiu (25), Canaa (65B), Lavras (63F), Pates Minas (70B), Paracatu
(53B), Irai de Minas (60A) and Lambari (58C); tleend group was made up
of isolates from Silvania (17), ljaci (40), Paraca53C), Lambari (43),
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Oratodrios (66E) and Campo Verde (26) isolates; thedthird group contained
only the Goiania (69C), S&o Desidério (10) and ¥&@64D) isolates. Most of
the isolates were classified as having intermedigtgessiveness, however there
were significant differences among them.

Isolates with the highest aggressiveness ratingean straw test ratings
up to 6.0, were found in MCGs G, C and B and inetLii6.6%, 30.7% and 33.3%
of isolates, respectively. The many isolates witterimediate aggressiveness
included 100% of isolates in MCGs A, D, and F, &6.6f isolates in MCG B,
69.2% of isolates in MCG C and 33.3% of isolatesI®G D.

In the fungicide sensitivity study there were diffieces P= 0.001) in
rate of mycelial growth among 25 isolates in thedione, pyraclostrobin and
metconazole amended PDA, and except for the ipnediat 1.6 and 0.8 pg
a.i./mL of PDA, there was no difference among isdaP=0.1000). Iprodione
reduced the mycelial growth &. sclerotiorumisolates in 99.4%, whereas
pyraclostrobin and metconazole reduced growth hy &hd 80.2% at 1.6 ug
a.i./mL of PDA, respectively. This rate is similer application rates used to
protect field crops. Th&. sclerotiorunisolates showed different sensitivities to
pyraclostrobin and metconazol in the highest cotmatdan; the first fungicide
was more efficient to reduce 85% of mycelial growthisolates from Goiania-
GO (69C) and Unai-MG (61B), both belonging the MBGsecond fungicide
reduced in mean 96.3% of isolates of Rio Verde j5Mbntividiu (25) and
Silvania (17) from Goias State (Fig. 3), which b&jdhe MCG 6.

The mean inhibitions for all isolates at 0.8 to0y a.i./mL of PDA
concentrations were 91.4, 83.9, 47.3, 28.0 and¥4d iprodione, 72.5, 64.6,
57.1, 51.1 and 44.3% for pyraclostrobin, and 76125, 52.9, 43.9 and 36.1%
for metconazole. All the isolates grown in the noeaded PDA control

completely colonized the Petri dishes within 48rsou
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DISCUSSION

Comparing genetic variation using microsatelliterkeass and MCGs,
resulted in differing levels of variability obsed’eamong the isolates. This
indicates that these isolates ®f sclerotiorumwere not grouped by specific
genetic characteristics. Previous reports of pdjmuiastudies reported a clonal
mode of evolution for S. cterotiorum suggesting recombination, genetic
exchange and mutation can occur (Carbone et a9;18ubeta et al., 1997;
Kohli and Kohn, 1998). Litholdo Junior et al. (20Xéund that associated MCG
and RAPD markers revealed a high level of varigbdimongS. sclerotiorum
isolates from different hosts and locations in Bram a study of potato isolates
from one field in the Washington Basin using miatetlite markers, high
genetic diversity was found (Atallah et al., 2004)some previous studies &
sclerotiorumvariation using microsatellite markers and MCGwré was no
relationship among the two genetic measures deedtgical adaptation of the
pathogen and level of virulence 8f sclerotiorumisolates (Auclair et al., 2004;
Kull et al.,, 2004; Malvarez et al., 2007; Litholddinior et al., 2011).
Additionally, microsatellite loci have been repatt have high mutation rates
(Sirjusingh  and  Kohn, 2001). The structure and dyoa
of S. sclerotiorunpopulations represent an essential part of uratedstg how
the underlying mechanisms are involved in the pghcdhistory and distribution
between and within geographical areas and diffenests (Carbone and Kohn
2001).

The results of this study indicate that 7 mycetiampatibility groups
were formed among the 25. sclerotiorumisolates that were tested. Three
MCGs, A, D and E, were comprised of a single isol&towever, four groups
(MCGs B, C, F and G) contained a mixture of isddtem different locations
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that were compatible. The variability found in 2aheproducer fields in Brazil
using 21S. sclerotiorunisolates showed the presence of two MCGs (Meirthard
et al., 2002), while Lehner et al. (2013) identfieine MCGs using 20 isolates
from Minas Gerais (Zona da Mata and Northwest), Béaualo, Espirito Santo
and Parana states, including a mixture of isoltxtes different locations in the
same MCGs. In this study, the largest group of cibfe isolates was MCG C
with 52% ofS. sclerotiorumisolates from 11 geographic locations in different
states. One of the most effective ways to dissemitiee causal agent of white
mold is the use of seeds contaminated with sitef®achado, 1988) and/or
the fungal mycelia within the teguments as welinathe embryonic tissues (Tu,
1988). Introduction of the fungus to in non-infetreas or new pathotypes in
the same areas by movement of seeds can help rextpiigenetic similarity
among isolates in the same MCG.

Assessment of the range of aggressivenesS. aftlerotiorumisolates
resulted in significant variation in the mean stitast ratings from 4.1 for least
aggressive to 6.6 in the most aggressive isolate.

When the greenhouse aggressiveness test was caimpéte isolate
MCGs in the laboratory there were significant diffieces in aggressiveness
within MCGs, e. g. MCG C. Otto-Hanson et al. (20bh)y found significant
differences between isolates in different MCGs ant among isolates in the
same MCG in beans collected from the major beamymtion areas in the
United States. The MCG structure®fsclerotiorunon cultivated hosts appears
to more complex, indicating that agricultural prees may influence MCG
frequencies and patterns which, can help to explaé results across field
locations (Kull et al., 2004).

CharacterizingS. sclerotiorumpopulation structure and variability in
isolate aggressiveness can guide development cligeament strategies, reducing

the loss in yield and quality of crops caused by lathogen, not only in Brazil,
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but around the world where this pathogen is presemtay be introduced.

In relation to the studies developed in vitro t@ck the reaction o8.
sclerotiorum isolates to fungicides, the growth of the 25 Brami S.
sclerotiorum isolates was inhibited when the highest concdotrabf the
chemicals was used. However the effectiveness dsede at the lower
concentration, regardless of fungicides or locatibisolates. Each isolate &f
sclerotiorum presented a slightly different sensitivity for ¢€ypand 6
concentrations of fungicides. These results supthatt the iprodione was the
most effective product for control of 2S. sclerotiorumisolates, although
pyraclotrobin and metconazole were able to inhipibwth up to 80%.
Nevertheless, the loss of effectiveness to infghatwth exhibited by iprodione
was reduced at lower concentrations and could eefietd control if rates are
reduced.

Our study supports previous reports that the wideded fungicide
iprodione has demonstrated effective controlSofsclerotiorumisolates from
different crops (Matheron and Matejka, 1989; Mued¢ al., 2002; Ma et al.,
2009; Zancan et al., 2012).

Further fungicides studies should be conductedtantields to measure
yield in Brazil where this disease occurs at higlensity.
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ABSTRACT

Sclerotinia sclerotiorum causal agent of white mold may occur on many
economically important crops and weeds, causingabkr reductions in
productivity in those species. One of the major svagf the disease
dissemination is through use of infected seeds ygefium of the fungus. Thus,
the health quality of seeds should be cheked bynmehadequate techniques to
detect this kind of infection by the pathogen. TDigective in this study was to
evaluate the specificity and sensitivity of convemal PCR in the detection &
sclerotiorumin sunflower and cotton seeds. Seeds of both araps artificially
inoculated with the osmotic techniques describetiténature, by which seeds
are exposed to the pathogen colonies for 24, 4&nd296 hours, corresponding
these periods to inoculum potentials: P1, P2, RBR¥h respectively. To obtain
samples of sunflower and cotton seeds with diffeianidence percentages,
0.25, 0.50, 0.75, 1, 2, 5 and 10% of the pathogealthy seeds were mixed with
infected seeds at different proportions for eacbcutum potential. By this
technique it was possible to detect the presendhen$. sclerotiorumat the
lowest inoculum potential and incidence with reprcitility. From the results
of this investigation it turns out clear that thee=wf conventional PCR technique
is viable for detecting. sclerotiorurrin sunflower and cotton seed samples and
its recommendation to certification programs coulé considered after
validation of the protocol by the correspondentotdf authorities in the country.

Keywords: Conventional PCR. White mold. Sensibility.Seeds.
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RESUMO

Sclerotinia sclerotiorumagente causal do mofo-branco, pode ocorrer em snuita
culturas de importancia econémica e em plantasidasj causando reducdes na
produtividade e contaminagfes do solo. Uma dascipdis formas de
disseminacdo da doenca € por meio de sementesanfdiscpelo micélio do
fungo. Desta forma, a presenca deste tipo de inGtas sementes é um alvo a
ser considerado nas analises sanitarias de amalgtrasmentes submetidas a
analises em laboratério. O objetivo, neste trahdliicavaliar a sensibilidade da
técnica de PCR convencional na detec¢ad declerotiorumem sementes de
algoddo e girassol. Foram utilizadas sementes dlestpécies inoculadas
artificialmente por meio da técnica de condicionatbeosmotico, pela qual as
sementes sdo expostas ao patdgeno por 24, 489@8heras, correspondendo
aos potenciais de inéculo P1, P2, P3 e P4, respewinte. Para se obter
amostras de sementes de girassol e algodoeiro dferendes niveis de
incidéncia do patégeno, sementes sadias foram naistsl com sementes
infectadas, gerando niveis diferenciados de incidéte 0,25%, 0,50%, 0,75%,
1,0%, 2,0%, 5,0% e 10%, para cada potencial daliadPor meio da tecnica de
PCR convencional foi possivel detectar a presendanoS. sclerotiorurmo
menor potencial de indéculo e menor incidéncia demte nas sementes de
ambas as espécies estudadas, com reprodutibiliBadsa forma, a técnica de
PCR convencional pode ser considerada uma alteanaficaz e viavel de
deteccdo do agente do mofo-branco em sementegattfiale girassol, podendo
ela ser utilizada como parte de um esquema denscgeem programas de
certificacdo no pais.

Palavras-chave:PCR convencional. Mofo-branco. Sensibilidade. Seaswe
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INTRODUCAO

Sclerotinia sclerotiorum(Lib.) de Bary, agente etiolégico do mofo-
branco é um patégeno altamente destrutepaz de infectar espécies de grande
importancia econdémica. Além de ser um fungo potifague infecta 408
espécies e 278 géneros de plantas hospedeirasa acswéncia tem sido
relatada tanto em regides temperadas como nasdi®@ subtropicais (Bolton
et al., 2006), podendo inviabilizar o plantio nesa&d de cultivo por periodos de
até 10 anos (Boland & Hall, 1994).

Epidemias causadas p8r sclerotiorurma cultura de girassol tém sido
responsaveis pela reducédo de produtividade emsv@aéses, com perdas que
chegam a 100%, sob condi¢des favoraveis (Leiteh)2@hquanto na cultura do
algodoeiro a doenca foi relatada em 1996 (Charehat., 1999) e encontra-se
disseminada pelas principais regides produtoras &m areas irrigadas como
em areas de sequeiro (Chitarra, 2007).

O controle do mofo-branco em diversas espécieseldesias tem sido
dificultado pela falta de medidas eficazes de odmtrcomo uso de cultivar
resistente e pela complexidade do ciclo biol6giogdtégeno. Contudo, o uso
de sementes com qualidade sanitaria comprovadaittlonuma das principais
medidas de manejo da doenca, pelo fato de que tespentadoras do inéculo
deste patdégeno, na forma de micélio dormente ofomaa de esclerédios em
mistura nos lotes de sementes, podem ser um fatimtrdducao e reintroducéo
do mesmo em campos de cultivo (Tu, 1988; Hennirif)42 Leite, 2005;
Botelho et al., 2013).

Em raz&o de sua natureza biolégica complexa e adiggaminacacs.
sclerotiorumtem sido enquadrado, no Brasil, como uma praganamentenaria

regulamentada, havendo uma proposta de padréo e 0 mesmo em
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amostras de sementes submetidas para analise ematéato (Machado &
Pozza, 2005; Machado, 1994).

Os métodos convencionais utilizados para a detedg&o sclerotiorum
incluem a incubacdo de sementes em substrato @ @mapnétodo do papel de
filtro (blotter tes} e a incubacdo de sementes em meio semisselajae a
bromofenol, conhecido como NEON (Nasser et al.9188achado, 2002; Peres
et al., 2002; Napoleao et al., 2008jnbos os métodos séo recomendados, pelas
Regras para Analise de Sementes (Brasil, 2009, gdeteccédo do patbgeno em
sementes, porém, alguns inconvenientes, como odeetbngo de incubacgéo e
dificuldades de distingdo d8. sclerotiorume demais organismos também
presentes nas sementes, ainda limitam o uso dosagses

Os métodos moleculares baseados na técnic®otiemerase Chain
Reaction(PCR) tém sido investigados para a detec¢do @eedies patdgenos
em sementes cujas propriedades morfolégicas sejaitares (Mbofung &
Pryor, 2010; Glynn & Edwards, 2010; Consolo et dDP9). Estas técnicas
mostram-se promissoras e tém sido empregadas pdesenvolvimento de
testes de sanidade de sementes (Jaccoud Filhp22G2; Taylor et al., 2006).

O objetivo, neste estudo, foi avaliar a especifidiele a sensibilidade da
técnica de PCR convencional na deteccad@dsclerotiorumem sementes de

algodéo e girassol, artificialmente infectadas.
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MATERIAL E METODOS

Obtencéo e multiplicacdo dos isolados fungicos

Os isolados deS. sclerotiorum utilizados neste estudo foram
provenientes de sementes de girassol e de algodoeletadas no municipio de
Lavras, MG (CMLAPS 250) e Campo Verde, MT (CMLAP$62
respectivamente, pertencentes a colecao micoldgidaaboratério de Patologia
de Sementes da Universidade Federal de Lavrag@liente, os isolados foram
cultivados em meio BDA (15 g de &gar, 39 g de daeit. de Agua destilada)
com incubacédo a 2@ °C e fotoperiodo de 12 horas, por cinco diasa Par
demais fungos escolhidos neste estudo para ver#fiespecificidade do par de
primers tais comoColletotrichum gossypiRhizopus stoloniferAspergillus
niger e Alternaria alternataa incubacao foi feita a temperatura de25C e
fotoperiodo de 12 horas, por sete dias. Apds ccionesito de cada isolado, o
micélio produzido superficialmente foi raspado,ald@ com agua esterelizada,

seco e armazenado em nitrogénio liquido, para pasextracdo de DNA.

Procedimento de inoculacdo d&. sclerotiorum em sementes de algodéo e
girassol

Sementes de algodéao e girassol, das cultivaresa Dgal e Helio 253,
respectivamente, foram submetidas a assepsia quoeldiito de sodio a 1%,
durante 2 minutos e enxaguadas em agua destilatdaeguida, foram secas em
camara de fluxo laminar, sobre papel germitestartter48 horas. As sementes
de ambas as espécies foram inoculadas com osasal@$. sclerotiorumpela
técnica de condicionamento osmético descrita pataCet al. (2003) e Machado
et al (2012). De maneira simplificada, a técnica coasigt cultivo inicial dos
fungos em meio BDA contendo restritor hidrico malnigjustado a -1,0 MPa
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(algodoeiro) e -1,4 MPa (girassol), de acordo cosofoware SPPM (Michel &
Radcliffe, 1995). As placas foram mantidas em iagélo, a 26 2 °C e
fotoperiodo de 12 horas por 5 dias, ocasido em apiesementes foram
depositadas em camadas simples sobre as colénigsisdtados deS.
sclerotiorum permanecendo por diferentes periodos de exposidaal8, 72 e
96 horas, que correspondem aos potenciais de mo&d, P2, P3 e P4,
respectivamente. Em seguida, as sementes infedadas secas em camara de

fluxo laminar, para posterior mistura com semessetkas.

Obtencao de diferentes niveis de incidéncia & sclerotiorum e extracdo de
DNA

Para determinar a sensibilidade de detec¢d® delerotiorum quando
associadas as sementes por meio da técnica PCRnoomval, grupos de 400
sementes foram preparados misturando-se semetifesabmente infectadas
com sementes sadias, gerando niveis diferenciadosaidéncia de 0,25%,
0,50%, 0,75%, 1,0%, 2,0%, 5,0% e 10,0%, para catienpial de indculo. As
amostras de sementes de algodao e girassol, deisadlale incidéncia, foram
moidas separadamente em moinho A1l Basic IKA, adot@itrogénio liquido.
Em seguida, extraiu-se o DNA com Wizard Genomic DR#ification Kkit,
seguindo o protocolo do fabricante (Promega). Pada nivel de incidéncia de
sementes em cada potencial de inéculo, foram eekliz cinco extracBes de
DNA e o experimento conduzido em quintuplicata. ®ADfoi quantificado no

espectrofotdbmetro Nano Drop 3300 (Thermo Scieiptific

Condicdes do PCR convencional

Para a amplificacdo dos fragmentos de 278 parbasks foi utilizado o
par deprimers especificos para a deteccédo $lesclerotiorunconfeccionados
por Freeman et al. (2002), SSFWD Forward
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(GCTGCTCTTTCGGGGCCTTGTA) e SSREV Reverse
(TGACATGCACTCAATACCAAGCTG). Para o PCR convencionatilizou-
se o0 volume total de reacado de 25 pL, com o TopMagter Mix (Qiagen), com
0,625 uM de cadarimer e 2 uL do DNA molde (50 ng). As amplificacbes
foram feitas no termociclador Multigene, Labnet, NIBA. Avaliou-se uma
aliquota de 10 ul de cada produto da PCR em gabdeose 1,0% em tampéao
TBE, a 90 V, por, aproximadamente, 1 hora. O gekwado com Gel Red
(Biotium) e os produtos da PCR foram observadogransluminador UV L-
PIX — Transiluminator (Loccus- Biotecnologia, Biasi

As condi¢Bes do ciclo para a amplificacdo foram98e°C, por 10
minutos, seguidas de um total de 30 ciclos de desg@o a 94 °C, por 30
segundos, realizando-se a técnica de ‘“touchdowrs teamperaturas de
anelamento (decrescendo 1 °C a cada ciclo de &26%°C), por 1 minuto e
extensdo de 72 °C, por 1 minuto e extensao finaf2l€C, por 10 minutos
(Freeman et al., 2002).
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RESULTADOS E DISCUSSAO

Especificidade dos primers na deteccdo d& sclerotiorum

A andlise eletroforética em gel de agarose a 0,8%fchgmentos do
DNA obtidos com a amplificacdo em PCR entre asdegiTS4/ITS5i(ternal
transcribed spacg@rdos isolados fangicos provenientes de diferectdtsiras e
regides com oprimers confeccionados por Freeman et al. (2002) e espesif
paraS. sclerotiorumrgeraram bandas de, aproximadamente, 278 paressds,b
revelando especificidade somente para os isolatdoguestao, independente da
regido e hospedeiro (Tabela 1). Em relacdo aosiddmegyos,Colletotrichum
gossypii Rhizopus stolonifer Aspergillus nigere Alternaria alternata nao

houve amplificacdo dos fragmentos de DNA.

Tabela 1 Avaliacdo da especificidade gosners descritos por Freeman et al.
(2002), em PCR convencional (SSFWR E SSREV) comatmd de
culturas puras de fungos

Numero do

Amplificacao**

isolado* Localizacéo Hospedeiro SSEWR/SSREV
CMLAPS-250 Lavras, MG Girassol +
CMLAPS-423 Montevidiu, GO Girassol +
CMLAPS-243 Uberlandia, MG Soja +
CMLAPS-244 Uberaba, MG Soja +
CMLAPS-245 Lavras, MG Feijao +
CMLAPS-241 Goiania, GO Feijao +
CMLAPS-246 Campo Verde, MT Algodéao +
CMLAPS 04 - Algodao +
CMLAPS 282 Campo Verde, MT Algodéao -
*Sl Campo Verde, MT Algodéao -
CMLAPS 179 Lavras, MG Girassol -
**S Patos de Minas, MG Algodéao -

*(+) reagdo positiva; (-) reacdo negativa

** |solados: S. sclerotiorum- CMLAPS 250, 423, 243, 244, 245, 241, 246, 04;
Colletotrichum gosypp+ CMLAPS 282;Rhizopus stolonifer Sem identificagdo — SI*;
Aspergillus nige CMLAPS 179Alternaria alternata— SI**.
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De acordo com alguns autores (Yanni et al. 2009 Ri Knudsen,
2008, Rogers et al. 2008), parespdienersja foram descritos com sucesso para
a deteccao d&. sclerotiorutma forma de ascdsporos e em tecidos de plantas
infectadas pelo patdgenB. importante ressaltar que a utilizacdo gosners
relatados por Freeman et al. (2002) s6 teve sucessa utilizacdo da técnica
de PCR “touchdown”.

Para a deteccéo de fungos, especificamente ermszEné necessario
que, independentemente do método adotado, o pagricers seja testado
guanto a especificidade e otimizado para o méxiensetisibilidade, tanto para a
colénia pura de fungos, como para o patégeno eatiagdo com as sementes.
A variabilidade naturalmente encontrada entre dadaflingicos da mesma
espécie, porém de regides distintas, pode ocasimsaitados contraditorios
entre trabalhos de deteccédo, quando desenvolvidopaéses distintos, como,
por exemplo, o que foi relatado por Barrocas e{24112) para o patossistema
Stenocarpella maydi#m milho, no qual o par dprimers descrito como
especifico para o referido fungo, nao foi capazlidénguir as espécie de.

macrosporae S. maydisas quais ocorrem em sementes de milho.

Sensibilidade na detec¢do dé&. sclerotiorum em sementes de algoddo e
girassol por meio da PCR convencional

De acordo com o teste de sanidade inicial por maitécnica de PCR
convencional, blotter test e NEON, ndo houve inuit® natural deS.
sclerotiorumencontrado no lote de sementes de algodao eaksgir

A alta sensibilidade do teste de PCR convencioaed p deteccdo do
patbgeno em amostras de sementes de girassol dgoeéa@ inoculadas
artificialmente foi observada neste estudo, inddpete do potencial de inéculo
e da incidéncia d&. sclerotiorumapresentando bandas correspondentes a 278

pares de base. A técnica utilizada apresentou defibilidade na detec¢éo de
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amostras no menor potencial de inéculo, correspudade 24 horas de contato
das sementes com o fungo (Figura 1). Na menoréncid de contaminacéo do
fungo em teste, ou seja, uma semente infectadangemamostra composta por
400 sementes, foi possivel dete@arsclerotiorumem todas as cinco repetices
de todos os potenciais de inéculo avaliados. Eate €onfirma a maior

sensibilidade da técnica do uso de PCR convencional

8 0 10 11 1213 14 15 16 17 18 10 202] 22

Figure 1 Amplificacdo do DNA gendmico d8. sclerotiorumpor PCR
convencional, em diferentes niveis de incidéncia sementes de
algodoeiro. Linha M — 100 bp ladder DNA (QUIAGEN IBiot,
E.U.A). Linhas 1, 2, 3, 4, 5 e 6 representam a amplificaifA®NA
gendmico des. sclerotiorunma incidéncia de 0,25%, 0,50%, 0,75%,
1,0%, 2,0%, 5,0% e 10%, respectivamente, no pakdei indculo
P1; linhas 7, 8, 9, 10, 11 e 12 correspondent@scai®ncias 0,25%,
0,50%, 0,75%, 1,0% 2,0%, 5,0% e 10%, no poten&ahdculo P2;
linhas 13, 14, 15, 16, 17 e 18 correspondente @déincias 0,25%,
0,50%, 0,75%, 1,0%, 2,0%, 5,0% e 10%, no poteweiahdculo P3;
Linhas 19, 20, 21, 22, 23 e 24 correspondentecdéincias 0,25%,
0,50%, 0,75%, 1,0%, 2,0%, 5,0% e 10%, no poteweiahdculo P4;
Linha 25 - sementes sadias; li®&- cultura pura d8. sclerotiorum
(CMLAPS 246)

E importante destacar que estes resultados poderncossiderados
satisfatérios e promissores no tocante a futurosdal@amentos sobre a
utilizacdo desta tecnologia em programas de aatiio de sementes. A
deteccdo de. sclerotiorumfoi, portanto, observada em sementes com baixos
potenciais de in6culo e em baixa incidéncia. Valestar que, na auséncia de

informacdes de pesquisas, 400 sementes de algatifigieassol sdo analisadas
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por amostra de acordo com as Regras para AndliSementes no pais (Brasil,
20009).

A deteccdo molecular d8. sclerotiorumem sementes de girassol e de
algodao, cujo indice de tolerancia proposto em &a®s0 Brasil tem sido zero
(Oliveira, 2005), pode ser uma medida das maisosasi, se for recomendada
como um procedimento dereeninginicial, no intuito de indicar a presenca ou
a auséncia do patdgeno neste material. Neste sas®nte as amostras com
resultados positivos deverdo ser submetidas eméseigu aos métodos
biolégicos ja disponiveis para o patégeno em feomo o método de rolo de
papel e 0 uso da incubacdo em substrato de agarazamde bromofenol,
conforme ja tem sido relatado em trabalhos anesi¢Machado et al., 2002;
Peres et al.,, 2002Este fato vem ao encontro do que se tem procuo,
termos de viabilizacdo dos testes de sanidadendenses para os patégenos que
sdo considerados de risco em cultivos como do atgedio girassol.

Para uma melhor comprovacao destes resultados;oéneadavel que
novos ensaios sejam conduzidos, langando-se méoodencias naturais &
sclerotiorumem lotes de sementes procedentes de diferentiégsguodutoras

no pais.
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CONSIDERACOES FINAIS

A ocorréncia explosiva de doencas causadasSpaclerotiorumem
diversas espécies de interesse agrondmico no Beasikido causa de grande
preocupacdo por parte dos produtores rurais e degqujsadores brasileiros,
tendo em vista as consequéncias que esse fato caroem relagdo a
sustentabilidade do agronegécio destas culturadcefato de ndo se dispor de
material resistente e de outras medidas que possatontrapor a este avanco
surpreendente.

Por se tratar de um patdgeno com ampla gama dedisps e que
pode permanecer nas areas de ocorréncia por nantms é preciso que um
conjunto de medidas de controle seja aplicado dgor pelos agricultores e
demais membros que atuam na cadeia de producamitiams suscetiveis a tal
patégeno. Neste contexto, o uso de sementes tleregiculo do patdégeno surge
como uma das medidas principais visando impeditraducdo da doenga em
areas que estejam isentas delas, bem como a ssemdiacdo a longas
distancias.

De maneira geral, o nivel de conhecimento sobreofodoranco nas
condi¢@es brasileiras tem sido aprofundado pararag culturas, como a soja e
o feijdo. Entretanto, ainda é considerado baixa paitras espécies cujo cultivo
vem se tornando popular em diversas regides do g@ivista das alternativas
que a agricultura oferece, em face de uma demattiavez maior por produtos
destinados a producéao de alimentos e de biocorublisti

Embora o sistema de plantio direto tenha sido debédo e vem se
constituindo em uma alternativa das mais vantajosasxploracdo de diversas
espécies de cultivos mais extensivos, principalmesn areas de cerrado,
percebe-se que o descuido em algumas etapas decéondeste sistema vem
colocando em risco 0 seu sucesso em diversas satgdegricultura intensiva. O



125

uso de sementes sem comprovacéo de qualidaderisa@jtéertamente, uma das
causas de introducdo e acumulo de in6culo de agéittpatogénicos, ao longo

dos anos, que, atualmente, sdo considerados dostabos mais dificeis de

serem superados a curto prazo.

Especificamente para o caso®Mderotinia sclerotiorumo fato de ter se
negligenciado, por muitos anos, a qualidade samitier sementes, faz com que
uma profunda reavaliacdo das estratégias em uswmrterque ser revistas,
principalmente diante dos resultados de andlis@tasas de sementes de soja e
de feijdo nestes Ultimos anos, pelos quais umacppamte propor¢édo de lotes
comercializados para sementes destas culturasidenpartador do indéculo do
patdégeno no interior das sementes na forma de imidéimente. Conforme ja
sinalizado por TU (1998), a m4 qualidade do berafiento de lotes de soja
destinados a plantio tem sido também causa dendisaedo da doenca de
forma avassaladora, conforme levantamentos recemtsdizados por
pesquisadores da Embrapa e de outras instituigie$vedas nessas atividades.

Portanto, o desenvolvimento de estudos sobre ax;0ed deS.
sclerotiorum com sementes de algoddo e de girassol, que jaamteam
comprometidas pelo avanco da referida doenca emms dsvoraveis para o
cultivo das mesmas, torna-se necessario e emeagjeficiconhecimento até
entdo disponivel sobre o referido tipo de interaédapenas especulativo e
muitas informacgBes séo extraidas por analogia agno® patossistemas.

Neste trabalho, os alvos de estudo foram voltados @ quantificacdo
de efeitos potenciais e transmissdo Qe sclerotiorumem associagdo com
sementes de algodao e de girassol na forma deionita¥mente, sob condi¢es
controladas, além da checagem da viabilidade deregmpde técnicas
moleculares, por meio de PCR, na deteccdo do paidgm sementes destas

espécies. Outro alvo foi avaliar o grau de varidhide de isolados d§.
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sclerotiorumprocedentes de feijoeiro infectado e cultivadoddfierentes regides
no Brasil.

Os efeitos potenciais de@. sclerotiorunna germinacdo e no vigor das
plantas de duas cultivares de algoddo (Artigo ITarfo evidenciados e
quantificados, havendo variagbes entre as tempasatde cultivo e entre
potenciais de inoculo inicial nas sement8eb as condi¢cbes mais favoraveis
para o desenvolvimento da doenca, as reducdes rndngedo de sementes
infectadas foram da ordem de 6% e, para velocidademergéncia, as reducgdes
foram, em média, de 2,2 para as duas cultivaréigagtas neste estudo. Em
relacéo a estandes, as reducgfes foram igualmeidticds e proporcionais com
0 aumento do potencial de in6culEm relagdo a taxa de transmissdo potencial
do patégeno pelas sementes, o maior valor che@di 98, para a cultivar mais
suscetivel na temperatura de°@0e no potencial de indéculo mais elevado.

Para o patossistem&. sclerotiorungirassol (Artigo 2), os efeitos
potenciais do fungo no desempenho de sementesgadéscna forma micelial
seguiram a mesma tendéncia e intensidadade dosjs&tosa envolvendo
algoddo. Chama a atencdo nestes estudos a augé@nBiasclerotiorumnos
tecidos de plantas emergidas de sementes tantiradsa como de algodao
inoculadas pela técnica de condicionamento osméfala avaliacdo da
transmissibilidade potencial do fungo pelas sensedéegirassol, a maior taxa
foi de 77,2% e a menor, de 35%exemplo do que ocorre com o algodao, o uso
de sementes de girassol infectadas pelo agente afo-branco constitui,
portanto, um alto risco para os agricultores, sarsia fonte de indculo um dos
fatores que mais comprometem a continuidade diggsdé cultivo.

Sobre variabilidade de populacbes 8e sclerotiorumassociadas ao
feijoeiro e procedentes de diferentes regibes f® (atigo 3), observou-se que
0s isolados des. sclerotiorumapresentaram grande variagdo em relacdo aos

guesitos referenciados para este tipo de comparaéatms marcadores
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moleculares e a compatibilidade vegetativa empiegadste estudo, ndo houve
correlagdo entre os isolados, bem como em relagdodamais marcadores,
como agressividade e comportamento na presengandeifiasin vitro. Estes
resultados, ao lado de outros ja relatados enatiitea, evidenciam a necessidade
de um maior aprofundamento dos estudos neste teéhaamaram a atencao, no
entanto, as diferencas expressivas entre algunedisy no tocante a
agressividade ao feijoeiro utilizado neste trahalho

Para a detec¢do dB. sclerotiorumem sementes de algoddo e de
girassol, tem-se langado mao das metodologiass@ndlelvidas para sementes
de soja e de feijdo. A exemplo do que ocorre cotasesspécies, o grande
namero de analises que pode ser demandado em netéas épocas do ano faz
com que estas metodologias apresentem limitacdeatdeeza operacion&ara
contornar estas dificuldades, o uso de PCR coneeakiconforme ja tem sido
investigado para sementes de soja e feijdo, mesaquromissor e adequado
para uso em sementes de algodéo e de girassad/A}i A sensibilidade do
método para ambas as espécies de sementes f@cdé, @u seja, a deteccao foi
positiva em uma semente em mistura com 399 semaaidias. Uma vez
aferida, esta tecnologia pode ser utilizada emrprgs de certificacdo, no
intuito de realizar unscreeningde amostras infectadas p8r sclerotiorum
sendo avaliadas depois, pelos métodos biolégiqosnas as amostras cuja
indicacdo por PCR convencional foi positié@abe, neste caso, uma discussao

mais ampla pelos segmentos que compdem o setontraao pais.



