==I

. . . INSTITUTO FEDERAL
. . GOIANO

Campus Morrinhos

AGRONOMIA

SUSCETIBILIDADE DE Plutella xylostella A COMBINAGOES DE CEPAS DE Bacillus

thuringiensis

MARIANA SANGUINETE SANTOS

Morrinhos, GO
2017



MARIANA SANGUINETE SANTOS

SUSCETIBILIDADE DE Plutella xylostella A COMBINAGCOES DE CEPAS DE Bacillus

thuringiensis

Trabalho de conclusdo de curso apresentado
ao Instituto Federal Goiano — Campus
Morrinhos, como requisito parcial para a
obtenc¢do do Grau de Bacharel em Agronomia.

Orientadora: Prof2. Dr2. Lilian Lucia Costa
Co-Orientador: Profe. Dr2. Ricardo Antonio Polanczyk

Morrinhos — GO
2017



Dados Internacionais de Catalogacdo na Publicagdo (CIP)

Sistema Integrado de Bibliotecas —SIBI/IF Goiano Campus Morrinhos

S587d Santos, Mariana Sanguinete.

SUSCETIBILIDADE DE Plutella xylostella A COMBINACOES DE CEPAS
DE Bacillus thuringiensis./ Mariana Sanguinete Santos. — Morrinhos, GO: IF
Goiano, 2017.

34 f.:il. color.

Orientador: Prof2. Dr2. Lilian Lucia Costa.

Trabalho de conclusdo de curso (graduacdo) — Instituto Federal
Goiano Campus Morrinhos, Curso de Agronomia,2017.

1. Entomologia. 2.CRUSSIFERAS. 3. Bacillus thuringiensis. |. Costa,
Lilian Ldcia. Il. Instituto Federal Goiano. Curso de Agronomia. Ill. Titulo




MARIANA SANGUINETE SANTOS

SUSCETIBILIDADE DE Plutella xylostella A COMBINAGCOES DE CEPAS DE Bacillus

thuringiensis

Trabalho de Conclusdo de curso DEFENDIDO e APROVADO em 12 de setembro de 2017

pela Banca Examinadora constituida pelos membros:

Prof2. Dr. Ricardo Antonio Polanczyk Prof2. Dr2 Miriam Fumiko Fujinawa
Co-Orientador Membro
UNESP/FCAV IF Goiano — Campus Morrinhos

Prof2. Dr2. Lilian Lucia Costa
Presidente - Orientador
IF Goiano — Campus Morrinhos

Morrinhos — GO
2017



“Dizem que quem sonha vai mais longe, mesmo que seja na imaginacao”
-Maria Claudia Sanguinete Santos

Vv



Dedico,

Este trabalho, bem como todas as
demais conquistas, aos meus amados
pais Claudionor e Lucilene, as minhas
irmds Maria Claudia e Maria Isabela, que
sdo minha base e sustentacdo, e que
sempre me deram apoio e incentivo.

Vi



AGRADECIMENTOS

Primeiramente a Deus por ter me concedido o dom da vida, e colocado em meu
caminho uma familia forte e batalhadora, que ndo mediu esforcos para me ajudar e a
ser quem sou.

A minha familia pelo incentivo e apoio incondicional para transformar esse
sonho em realidade.

Ao Instituto Federal Goiano- Campus Morrinhos, seu corpo docente, direcdo e
técnico administrativo que oportunizaram essa etapa de minha formacao.

A Professora Dra. Lilian, pela orientacdo, confianca e colaboragcdo para a
realizacdo deste trabalho.

Ao Professor Dr. Ricardo Antbnio Polanczyk, pela orientacdo, paciéncia,
oportunidade, ajuda e ensinamentos.

A Kelly Cristina Gongalves, Caroline Placidi De Bortoli, Dagmara, Vanessa Fabiola,
Nathalia Santos e Alesandra Marieli, pelo acolhimento, apoio, confianca, paciéncia.

Aos professores e funciondrios do Departamento de Fitossanidade da
UNESP/FCVA-Jaboticabal, pela convivéncia e auxilio sempre que necessario.

Aos professores participantes da banca examinadora por terem aceito o convite,
e dividirem comigo este momento tdo importante e esperado.

Aos meus grandes amigos Danilo Neves Mota e Luiz Augusto por terem me
suportado, apoiado, auxiliado, por ter me gquestionado e me escutado sempre que
necessario.

E a todos que, de alguma forma, colaboraram para a realizacdo deste trabalho, e

gue acreditaram na capacidade da minha formacdo, o meu muito obrigada.

Muito Obrigadal!

Vi



Sumario

RESUMO L iX
ABSTRACT etttk h e et h ettt h ettt n ettt ettt et Xi
(Lol u goTe [V ToF: o TP PSSP PRI PPPPR Xiii
2. Material @ MELTOAOS ..oi ittt ettt Xiv

2.1 Criacdo de Plutella XYlOSTeIla . ...eooiiiiiiecce e XV

2.2. MUltiplicacdo das CePas de Btu.....ivuiii e Xvi

2.3. Bioensaios de suscetibilidade .........ccuiiiiiiiie e XVi
3. RESUItA0OS @ TISCUSSEO ..vriuviieiiieeitie ettt ettt ettt ettt et e e sttt e et e et e e enneeennaee e xviii
CONGCLUSAD ...ttt Xxiii
REFERENCIAS BIBLIOGRAFICA. ..ottt XXiV
ANEXO 1- NORMAS: JOURNAL OF INVERTEBRATE PATHOLOGY ..o XXVili

viii



RESUMO

SANTOS, Mariana Sanguinete. Suscetibilidade de Plutella xylostella a combinag¢des de cepas
de bacillus thuringiensis. 2017. 39p. Trabalho de conclusdo de curso (Curso de Bacharelado

em Agronomia). Instituto Federal de Educagdo, Ciéncia e Tecnologia Goiano — Campus

Morrinhos, Morrinhos, GO, 2017.

Plutella xylostella (Lepidoptera: Plutellidae), conhecida como traga-das-cruciferas, é
praga chave das cruciferas. O uso de inseticidas quimicos no seu controle resultou na
reducdo das populacdes de inimigos naturais e organismos ndo alvo, além de acelerar a
evolucdo da resisténcia em populacGes desse inseto. Bioinseticidas formulados como a
bactéria entomopatogénica Bacillus thuringiensis (Bt) sdo utilizados como alternativa ao
controle quimico de P. xylostella, porém relatos de resisténcia de populacdes desse
inseto foram relatados em campo. CombinacBes de cepas e/ou toxinas de Bt podem ser
utilizadas como estratégias de manejo da resisténcia. Desta forma, este trabalho avaliou
a suscetibilidade de P. xylostella a diferentes combina¢fes de cepas de Bt, utilizando
trés modelos experimentais: Al = sete tratamentos com cepas de Bt cultivados em
placas separadas (HD2, HD3, HD4, HD7, HD11, HD 12 e testemunha), A2 = 16
tratamentos com cepas de Bt cultivadas na mesma placa (HD2x3, HD2x4, HD2x7,
HD2x11, HD2x12, HD3x4, HD3x7, HD3x11, HD3x12, HD4x7, HD4x11, HD4x12, HD7x11,
HD7x12, HD11x12 e testemunha), e A3=16 tratamentos com cepas de Bt misturadas no
momento da aplicagdo (HD2x3, HD2x4, HD2x7, HD2x11, HD2x12, HD3x4, HD3x7,
HD3x11, HD3x12, HD4x7, HD4x11, HD4x12, HD7x11, HD7x12, HD11x12 e testemunha).
Nos trés modelos experimentais foram utilizadas trés repeticdes por tratamento que
consistiu de um disco de couve imerso em suspensdo contendo 10° esporos/mL e
posteriormente transferido para placas de Petri com papel filtro umedecido no seu
interior. Em cada tratamento foram utilizadas 60 lagartas de 29 instar distribuidas em
trés repetices. As placas foram acondicionado em sala climatizada com ambiente e
fotoperiodo controlados. Os dados foram submetidos a ANOVA, e posteriormente ao
teste de Scott Knott (a= 0,05), para analise dos dados e esta foi feita com base em
calculos de mortalidade corrigida e grau de interacdo. A relagdo entre o aumento do
numero de toxinas com o aumento da mortalidade ndo foi observada em todos os

tratamentos independente se as cepas foram multiplicadas juntas em placas ou
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misturadas no momento de aplicacdo. Houve uma melhor interacdo entre as toxinas
encontradas na cepa Bt thunringiensis com as cepas de Bt finitimus, Bt dendrolimus, e
Bt aizawai que demonstraram sinergismo no tratamento de modelo A2, e efeito aditivo
no modelo A3. A obtengdo desta interagdo sinérgica estd relacionada com a
combinacdo das toxinas Cry presentes nas cepas e com a capacidade dessas toxinas se
ligarem a receptores presentes nas microvilosidades apicais das células colunares do
intestino médio do inseto. Combinacdes de cepas de Bt tem potencial para ser

utilizadas como estratégia de manejo da resisténcia de P. xylostella a Bt bioinseticida.

Palavras-chave: Traca-das-cruciferas, Bactéria entomopatogénica, Controle Bioldgico.



ABSTRACT
SANTOS, Mariana Sanguinete. Susceptibility of Diamondback moth to combinations of

strains of bacillus thuringiensis. 2017. 39p. Completion of course work (Course of
Bachelor in Agronomy). Instituto Federal de Educacdo, Ciéncia e Tecnologia Goiano —
Campus Morrinhos, Morrinhos, GO, 2017.

Diamondback moth (Lepidoptera: Plutellidae), known as the crucifer's moth, is a key
plague of cruciferous plants. The use of chemical insecticides in their control resulted in
the reduction of the populations of natural enemies and non-target organisms, besides
accelerating a development of resistance in populations of this insect. The forms
Bioinseticidas such as the entomopathogenic bacterium Bacillus thuringiensis (Bt) are
used as an alternative to the chemical control of Diamondback moth, however, reports
of resistance of populations of this type. Combinations of Bt strains and/or toxins can be
used as resistance management strategies. In this work, we evaluated the susceptibility
of Diamondback moth to different combinations of Bt strains using three experimental
models: Al = seven treatments with Bt strains grown on separate plaques (HD2, HD3,
HD4, HD7, HD11, HD12 and control), A2 = 16 treatments with Bt strains cultured on the
same plate (HD2x3, HD2x7, HD2x11, HD2x12, HD3x7, HD3x7, HD3x7, HD3x11, HD4x7,
HD4x11, HD4x11, HD7x11, HD7x12, HD11x12 and control). A = 16 treatments with Bt
strains mixed at the time of application (HD2x3, HD2x4, HD2x7, HD2x11, HD2x12,
HD3x7, HD3x7, HD3x11, HD3x12, HD4x7, HD4x11, HD4x12 , HD7x11, HD7x12, HD11x12
and control). Our three experimental models required three replicates per treatment
with consisted of a suspension division nightclub containing 10° spores/mL and later
transferred to Petri dishes with filter paper moistened therein. In each treatment with
60 2nd instar larvae distributed in three replicates. The plates were conditioned in an
air-conditioned room with controlled environment and photoperiod. The data were
submitted to ANOVA, and to the Scott Knott test (a = 0.05), for data analysis and this
was done based on corrected mortality and interaction degree calculations. The
relationship between increasing numbers of toxins with increased mortality was not
observed in all independent treatments as strains were plated together or mixed at the
time of application. There was a better interaction between toxins found in the Bt

thunringiensis strain with the strains of Bt finitimus, Bt dendrolimus, and Bt aizawai that
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demonstrate synergism without A2 model treatment, and additive effect without A3
model. Obtaining synergistic interaction is related to the compatibility of toxins. Strain
requirements and with a solution are toxins binding to receptors present on the apical
microvilli of the midgut columnar cells of the insect. Combinations of Bt strains have

potential to be used as a resistance management strategy of Diamondback moth to Bt

bioinsecticide.

Keywords: Diamondback moth, Entomopathogenic bacteria, Biological control.
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1. Introducao

Plutella xylostella (Linnaeus, 1758) (Lepidoptera: Plutellidae), conhecida como
traca-das-cruciferas, é originaria da regido mediterranea e destaca-se por ser a principal
praga das cruciferas, no Brasil e no mundo e sua agressividade estd relacionada
principalmente ao seu ciclo curto (De Bortoli et al., 2013). O ataque pode ocorrer ndo
somente em folhas novas, mas também em folhas velhas, caules e brotos, dependendo
da regido e época do ano, acarretando na reducdo do crescimento da planta e drea
foliar, com até 60% no rendimento final da producédo (Czerpak et al., 2005).

O dano é produzido somente pelas larvas, que apds a eclosdo se alimentam das
folhas, raspando o tecido, deixando apenas a epiderme superior transparente em
formato de um pequeno orificio. Posteriormente, surgem furos no tecido da folha e,
guando o ataque é intenso as folhas ficam rendilhadas (Cardoso et al., 2010; De Bortoli
et al.,, 2014).

O controle de P. xylostella é feito basicamente com inseticidas quimicos, devido
a sua eficacia e facilidade de aplicacdo (De Bortoli et al., 2013). Contudo, a utilizacdo
indiscriminada resulta na selecdo de populagdes resistentes do inseto-praga aos
inseticidas, além de afetar organismos nao-alvo (Boica Junior et al., 2005; Naika et al.,
2006).

Como alternativa ao método quimico de controle, destaca-se a utilizacdo de
agentes de controle bioldgico tais como bactérias entomopatogénicas (Fiuza et al.,
2017). A bactéria Bacillus thuringiensis (Bt) é o microrganismo mais no controle
bioldgico de insetos-praga devido a sua alta especificidade e seletividade (De Bortoli et
al., 2017; Polanczyk et al., 2017; Van Frankenhyuzen, 2017).

O modo de acdo especifico e a seguranca dos produtos a base de Bt estdo
relacionados com a producdo de uma inclusdo cristalina parasporal (cristal) na célula
bacteriana durante a esporulacdo ou na fase estacionaria (Vilas-Boas et al. 2007). A
toxicidade de Bt estd relacionada principalmente a sintese das proteinas Cry as quais
sao codificadas por diferentes genes, sendo possivel encontrar até cinco tipos de
proteinas numa mesma célula bacteriana (Bravo et al., 2017).

Um inseto suscetivel deve ingerir o bioinseticida que contém os esporos e

cristais para o inicio da infeccdo. Posteriormente, os cristais sdao solubilizados em pH
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alcalino, originando as protoxinas que em presenca de enzimas digestivas (proteases)
sdo convertidas em quatro ou mais polipeptideos téxicos (8§-endotoxinas). As toxinas
hidrolizadas cruzam a membrana peritréfica e ligam-se a receptores especificos
localizados na membrana apical das células colunares do intestino médio, interferindo
no gradiente ibnico e balanco osmdtico da membrana apical, formando poros que
aumentam a permeabilidade da membrana. O aumento na absorgdo de dgua causa lise
celular e eventual ruptura e desintegracdo das células do intestino médio. Os esporos
ingeridos junto com o cristal germinam devido a reducdo do pH o que causa infeccdo
generalizada (septicemia) (Copping & Menn, 2000; Jurat-Funtes & Crickmore, 2017).
Embora o uso de Bt bioinseticidas seja promissor no manejo de P. xylostella,
relatos de resisténcia de populacdes (Tabashinik et al., 1998; Crickmore, 2016 dificultam
0 manejo desse inseto-praga. Combinacdes de toxinas Cry de Bt sdo uma alternativa
eficiente para manejar a resisténcia de insetos praga a plantas transgénicas (Huang et
al.,, 2014; Carriere et al.,, 2015; Carriere et al.,, 2016; Wei et al., 2015), mas até o
momento pouco foi explorado quanto a misturas de cepas de Bt com o mesmo objetivo
(Jihen et al., 2014). Neste contexto, objetivou-se avaliar a suscetibilidade de P. xylostella

a combinagdes de cepas de Bt em condi¢Bes de laboratorio.

2. Material e métodos
A criagcdo dos insetos e os bioensaios foram realizados no Laboratério de

Biologia e Criacdo de Insetos (LBCI) e no Laboratério de Controle Microbiano de Pragas
(LCMP) (Departamento de Fitossanidade — FCAV/UNESP, Campus Jaboticabal).

O delineamento experimental utilizado foi o inteiramente casualizado adotando-
se trés formas de avaliacdo das combinagdes das cepas da bactéria conforme descrito
abaixo:

Modelo Al = constou de seis cepas de Bt cultivadas separadamente (HD2, HD3,

HD4, HD7, HD11 e HD 12) mais uma testemunha e trés repeticbes por tratamento;

Modelo A2 = constou de seis cepas de Bt, cada uma delas combinadas e
cultivadas juntas na mesma placa (HD2x3, HD2x4, HD2x7, HD2x11, HD2x12, HD3x4,
HD3x7, HD3x11, HD3x12, HD4x7, HD4x11, HD4x12, HD7x11, HD7x12, HD11x12) mais

uma testemunha e trés repeticdes por tratamento;
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Modelo A3 = constou de seis cepas de Bt, cada uma delas combinadas (HD2x3,
HD2x4, HD2x7, HD2x11, HD2x12, HD3x4, HD3x7, HD3x11, HD3x12, HD4x7, HD4x11,
HD4x12, HD7x11, HD7x12, HD11x12) e misturadas apenas no momento da aplicacdo

mais uma testemunha e trés repeti¢des por tratamento.

2.1 Criagdo de Plutella xylostella

A populacdo de Plutella xylostella utilizada para os bioensaios foi criada no LBCI
em sala climatiza com temperatura controlada de 25 + 1°C, fotoperiodo de 14 horas e
umidade relativa do ar de (70 + 10)%, seguindo a metodologia de Barros (1998) e
adaptada as condicdes do laboratério por De Bortoli et al. (2012).

O substrato utilizado para alimentacdo e oviposicdo da P. xylostella foram folhas
de couve (Brassica oleracea var. acephala cv. Manteiga), cultivada em area
experimental em casas de vegetacdo da FCAV/UNESP, Campus Jaboticabal.

A populacdo do inseto foi coletada no dia 5 de julho de 2010 em drea sem
histérico de aplicacdo de inseticidas e foi mantida isolada, sem a introducdo de novos
espécimes. Essa populacdo recebeu a denominacdo de SBT e no momento da realizagdo
do experimento estava na 91° geracdo em laboratodrio.

Adultos recém-emergidos foram transferidos para gaiolas circulares
transparentes, medindo 13 x 15 cm, com uma abertura lateral de 10 x 5 cm, coberta por
tecido tipo “voile” para aeracdo e outra 10 x 2 cm para troca dos discos foliares e
fechada com filme plastico de PVC. Os adultos foram alimentados com solucdo de mel a
10%, embebida em esponja presa na parte superior da gaiola.

No interior das gaiolas foram colocados discos de folha de couve de oito
centimetros de didmetro, como substrato para oviposicdo. Os discos de couve e o disco
de papel foram trocados diariamente por trés dias consecutivos e acondicionados em
placas de Petri (9 cm de didametro) até a eclosdo das lagartas. Posteriormente, os discos
com as lagartas foram transferidos para recipientes plasticos (27 x 17 x 8 cm) e folhas
de couve foram oferecidas para alimentacdo das lagartas. A troca das folhas dentro do
recipiente foi feita diariamente até os insetos atingirem a fase pupal.

As pupas foram coletadas com o auxilio de pincel ou pinga e acondicionadas em
tubos de vidro de fundo chato (8,5 x 2,4 cm) vedados com filme plastico de PVC com
pequenos furos para aeracdo, sendo colocadas de 20 a 30 pupas por tubo. Os adultos
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recém emergidos foram transferidos para as gaiolas circulares, anteriormente
mencionadas.
2.2. Multiplicagdo das cepas de Bt

Para realizar os bioensaios foram escolhidas seis cepas de Bt, cedidas pela
Embrapa Milho e Sorgo, Sete lLagoas — MG, sendo elas denominadas como: Bt
thuringiensis HD-2, Bt finitimus HD-3, Bt alesti HD-4, Bt dendrolimus HD-7, Bt aizawai

HD-11 e Bt morrisoni HD-12 (Valicente & Fonseca, 2004) (Tabela 1).

Tabela 1. Cepas de Bacillus thuringiensis utilizadas nos bioensaios de suscetibilidade de
Plutella xylostella.

Subespécie Cepa Composicdo toxica
Bt thuringiensis HD2 Cry1Ba
Bt finitimus HD3 Cry1Ab/Cry1Ac, Cry2Aa, Cry2Ab
Bt alesti HD4 Cry1Ab/Cry1Ac, CrylAc, Cry2Aa, Cry2Ab
Bt dendrolimus HD7 Cry1Ab/CrylAc, CrylAc, Cry2Ab
Bt aizawai HD11 Cry1Ab/Cry1Ac, CrylAc, Cry1C, Cry2Aa, Cry2Ab
Bt morrisoni HD12 Cry1Ab, Cry1Da, Cryllb, Crylld

Para realizar a multiplicacdo das cepas, as mesmas foram levadas até uma
camara de fluxo laminar e, com o auxilio de uma alca de Drigalski foi transferido o
material do microtubo tipo eppendorf para um tubo Falcon contendo 1500 uL de meio
nutriente liquido, dos quais 500 pL foram vertidos em placa com meio nutriente sélido,
vedado e colocada em estufa a 302C por 48horas.

Posteriormente, as placas foram raspadas, diluida em 10mL de agua destilada e
autoclavada em 1219C (1 atm) e entdo centrifugados 1800rpm. O pelett foi separado do
sobrenadante e, posteriormente, resuspendido por trés vezes, para obtencdo da
“solucdo-mae” de cada cepa.

Cada solucdo mae foi diluida em uma concentracdo de 10? para a contagem dos
esporos com o auxilio de uma camara de Neubauer espelhada (Alves & Moraes, 1998).
A concentracdo de 10° esporos/ulL foi utilizada nos bioensaios de acordo com os

modelos experimentais citados anteriormente (A1, A2 e A3).

2.3. Bioensaios de suscetibilidade
Para a conducdo dos bioensaios, discos foliares de couve de 8 cm de diametro

foram mergulhados em 50 mL das suspensdes das toxinas em dagua deionizada,
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autoclavada, com 50 pg/mL Triton-X100°, por 30 segundos. A testemunha foi tratada
apenas com solucdo de dgua deionizada, autoclavada e 50 pg/mL Triton-X100°.

Apds a secagem (30 minutos em condigdo ambiente), os discos foram colocados
individualmente em placas de Petri (9,5 cm de didmetro x 2,0 cm de altura) sobre papel
filtro umedecido com agua deionizada. Sobre cada disco foliar foram colocadas 20
lagartas de P. xylostella de segundo instar. Cada disco foi considerado uma repeticdo e
observadas trés repeticdes por tratamento.

As placas foram envolvidas com filme plastico de PVC e mantidas em sala
climatizada com temperatura de 25 + 1°C, umidade relativa de 70 + 10% e fotoperiodo
de 12L:12E h. Apds trés dias foram realizadas as avaliacdes e registrado o niumero de
lagartas mortas em cada tratamento. Uma lagarta foi considerada morta quando ndo
apresentava movimentos quando tocada com um pincel de cerdas finas.

As médias obtidas de mortalidade (%) foram corrigidas segundo Abbot (1925).

Mortalidade corrigida = (Mt - Mc/100 - Mc) x 100. Sendo, Mt = Mortalidade da
testemunha e Mc a mortalidade calculada de cada tratamento.

Os dados foram submetidos ao teste F da andlise de variancia (ANOVA) e as
médias comparadas pelo teste de Scott Knott a 5% de probabilidade. As analises foram
realizadas no software Assistat.

Em seguida, foi utilizada a classificacdo de Benz (1971) para determinar os niveis
de interacdo.

1. Sinergismo subaditivo: quando dois componentes atuando em conjunto produzem
um efeito maior do que o sinergismo independente, porém menor que a soma
algébrica dos dois efeitos individuais.

2. Efeito aditivo: quando dois componentes atuando em conjunto produzem um leve
incremento no seu efeito, em relacdo a atuacdo dos componentes individuais, porém
insuficiente para ser considerado sinergismo.

3. Antagonismo: quando a interacdo dos componentes produz um efeito menor do que

suas atuacBes individuais. Neste caso a interacdo é considerada negativa.
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3. Resultados e discussao
No modelo Al (cepas cultivadas individualmente), a cepa Bt alesti HD4
(CrylAb/Cry1Ac, CrylAc, Cry2Aa, Cry2Ab) causou mortalidade acima de 80 % em

lagartas de segundo instar de P. xylostella (Tabela 2).

Tabela 2. Suscetibilidade de lagartas de segundo instar de Plutella xylostella a cepas de

Bacillus thuringiensis (Modelo A1). Jaboticabal, SP, 2017.

Tratamentos Mortalidade corrigida (%)
HD 2 35,71+10,14 b
HD3 58,93+6,67 a
HD4 89,31+£5,0a
HD 7 69,64 +4,41 a
HD 11 42,85+9,28 b
HD 12 67,85+8,82a

IMédias + erro padrdo seguidas de mesma letra na coluna ndo diferem pelo teste de Scott Knott a 5% de probabilidade. n = 60.

Entretanto, a mortalidade de P. xylostella proporcionada pelas cepas Bt finitimus
HD3 (CrylAb/CrylAc, Cry2Aa, Cry2Ab), Bt dendrolimus HD7 (Cry1lAb/CrylAc, CrylAc,
Cry2Ab) e Bt morrisoni HD12 (CrylAb, CrylDa, Cryllb, Crylld) ndo se diferencia
significativamente da cepa Bt alesti HD4 (Tabela 1), embora a mortalidade nessas cepas
tenha sido inferior a 80%.

As cepas Bt thuringiensis HD2 (CrylBa) e Bt aizawai HD11 (CrylAb/CrylAc,
CrylAc, CrylC, Cry2Aa, Cry2Ab) proporcionaram menor mortalidade quando
comparadas as demais cepas e ndo diferenciaram estatisticamente entre si (Tabela 2).

Van Frankenhuyzen (2009) elencou as toxinas CrylA (b,c,d,h); Cry1B(a,d,e,f);
CrylCa; CrylFa; CrylG(b,c); Cryll(a,b,,d,ef); Cryll(a,b,c,); Cry2Aa; Cry7Ba; Cry8Da;
Cry9Aa; Cry9Ca; Cry9Ec; Cry22Ab e Cry32Aa como toxicas para P. xylostella enquanto
gue as toxinas CrylEa; Cry2A(b,c,e); Cry8Ea; Cry8Fa; Cry8Ga; Cry9Bb; Cry31Aa; Cry33Aa
e Cry48/49Aa foram consideradas indcuas para essa espécie. Entretanto, é importante
considerar que os resultados podem variar de acordo com a populagdo do inseto
utilizada nos experimentos (Monnerat et al.,, 2004; Gonzales-Cabrera et al., 2001;
Monnerat et al., 2006).

A composicdo toxica das cepas de Bt avaliadas no presente estudo e bastante

semelhante, com excecdo da cepa Bt morrisoni (Tabela 1). A quantidade da mesma
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toxina pode variar em diferentes cepas, o que pode explicar as diferencas de
suscetibilidade apresentadas na Tabela 1. A presenca de alguma toxina desconhecida
nas cepas além daquelas identificadas pode contribuir para a mortalidade (Monnerat et
al., 2004). Cerca de 760  toxinas  de Bt  foram identificadas
(http://www.btnomenclature.info/), mas apenas uma fracdo delas tem atividade
inseticida conhecida (Van Frankenhuyzen, 2017).

Medeiros et al (2006), constatou que a toxina CrylAb foi mais toxica que a
toxina Cryl1C para P. xylostella. Entretanto, a cepa HD11 possui as duas proteinas
supracitadas e ndo foi a cepa que proporcionou maior mortalidade (Tabelas 1 e 2).
Assim pode-se afirmar que o maior niUmero de toxinas encontradas nas cepas nem
sempre se correlacionam com maior eficiéncia da mortalidade.

No modelo A2 (cepas cultivadas em placas), a interagdo HD2 x HD7; HD4 x HD11
e HD7 x HD12 proporcionaram mortalidade de P. xylostella acima de 80% independente

do tipo de interacdo observada (Tabela 4).

Tabela 3. Interacdo de cepas de Bacillus thuringiensis cultivadas em placa no controle
de lagartas de segundo instar de Plutella xylostella (Modelo A2). Jaboticabal, SP, 2017.

Tratamentos Mortalidade corrigida (%) Tipo de Interagdo
HD 2 xHD 3 75,00+ 3,332 Sinergismo Subdativo
HD2xHD 4 62,49 £ 3,33 a Antagonismo
HD2xHD 7 85,71+1,67a Sinergismo Subdativo
HD2xHD 11 73,21 +7,64 a Sinergismo Subdativo
HD 2 xHD 12 75,04 £13,02 a Efeito aditivo
HD 3 xHD 4 55,35+ 13,233 Antagonismo
HD3xHD 7 67,85+4,41 a Antagonismo
HD3xHD 11 51,78+4,41b Antagonismo
HD 3xHD 12 26,78 £6,01c Antagonismo
HD 4 xHD 7 60,71+ 7,64 a Antagonismo
HD4 xHD 11 85,71+10,41 a3 Antagonismo
HD 4 xHD 12 60,71+ 7,26 a Antagonismo
HD 7 xHD 11 64,28 £13,02 a Antagonismo
HD 7 xHD 12 80,36 6,01 a Efeito aditivo
HD 11 x HD 12 42,85+6,01b Antagonismo

IMédias + erro padrdo seguidas de mesma letra na coluna ndo diferem pelo teste de Scott Knott a 5% de probabilidade.

As interacGes que proporcionaram menor mortalidade de P. xylostella foram

HD11 x HD12 com 42,85% e HD3 x HD12 com 26,78% de mortalidade (Tabela 3).
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De acordo com o tipo de interacdo, verificou-se que a maioria dos tratamentos
foram antagonicos (Tabela 3). Ou seja, a interacdo entre as cepas foi menos toxica do
gue o efeito individual das cepas, sendo considerada negativa.

Destaca-se que nos tratamentos em que a cepa HD2 foi utilizada com as cepas
HD3, HD7 e HD11 houve efeito sinérgico subaditivo, portanto produzem um efeito
maior do que o sinergismo independente (Tabela 3). As cepas HD3, HD7 e HD11
possuem a proteina CrylAb (Tabela 1), classificada como a mais téxica por Medeiros et
al (2006). Ressalta-se ainda que estas cepas também possuem em comum a proteina
Cry2Ab (Tabela 1) ndo citada pelos autores, mas que pode ter contribuido para maior
mortalidade das larvas de segundo instar de P. xylostella. O efeito aditivo, leve
incremento da eficiéncia das cepas individuais, foi observado na interacdo das cepas
HD2 x HD12 e HD7 x HD12 (Tabela 4).

No modelo A3 (cepas misturadas no momento da aplicacdo), as interagcdes HD3
x HD4 e HD4 x HD12 proporcionaram mortalidade de P. xylostella acima de 80%
independente do tipo de interacdo observada (Tabela 4).

Ressalta-se que a maioria das interacées no modelo A3, da mesma forma que no
modelo A2, proporcionaram efeito antagonico entre as cepas (Tabela 4).

Tabela 4. Interacdo de cepas de Bacillus thuringiensis misturadas no momento da
aplicacdo para o controle de lagartas de segundo instar de Plutella xylostella (Modelo
A3). Jaboticabal, SP, 2017.

Tratamentos Mortalidade corrigida (%) Tipo de Interagdo
HD 2 x HD 3 (mist.) 62,49+ 7,64 a Efeito aditivo
HD 2 x HD 4 (mist.) 64,28+1,67a Efeito aditivo
HD 2 x HD 7 (mist.) 44,63+1,67b Antagonismo
HD 2 x HD 11 (mist.) 46,42 + 4,41 Db Efeito aditivo
HD 2 x HD 12 (mist.) 55,35+4,41a Antagonismo
HD3 x HD 4 (mist.) 80,36 + 8,66 a Antagonismo
HD 3 x HD 7 (mist.) 69,64 + 6,01 a Efeito aditivo
HD 3 x HD 11 (mist.) 64,28 +1,67 a Efeito aditivo
HD 3 x HD 12 (mist.) 67,85+ 2,89 a Efeito aditivo
HD 4 x HD 7 (mist.) 35,71+2,89b Antagonismo
HD 4 x HD 11 (mist.) 71,42 +6,01a Antagonismo
HD 4 x HD 12 (mist.) 87,49+ 7,64 a Antagonismo

HD 7 x HD 11 (mist.)
HD 7 x HD 12 (mist.)
HD 11 x HD 12 (mist.)

35,71+13,02b

35,71+6,67b
21,42 6,67 C

Antagonismo
Antagonismo
Antagonismo

!Médias + erro padrdo seguidas de mesma letra na coluna ndo diferem pelo teste de Scott Knott a 5% de probabilidade.
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Na maioria dos tratamentos combinados com as cepas HD2 e HD3 houve efeito
aditivo, uma vez que as bactérias ndo foram cultivadas juntas (Tabela 4). Desta forma,
nao houve competicdo pelo mesmo meio nutritivo, o que garantiu provavelmente em
melhor interagdo entre as toxinas.

As cepas HD2 e HD11 no modelo A1l utilizadas de forma isolada proporcionaram
menor mortalidade quando comparadas as demais cepas (Tabela 2). No modelo A2,
guando as cepas HD2 e HD11 foram multiplicadas juntas em placa, a mortalidade
aumentos em cerca de 100% em relagdo as cepas utilizadas de forma isolada no modelo
Al (Tabela 3). No modelo A3, as cepas misturadas no momento da aplicacdo levaram a
um pequeno incremento da mortalidade em relacdo ao modelo Al (Tabela 4).

A maior taxa de mortalidade no modelo Al foi observado com a cepa HD4
seguido pela cepa HD7, as quais apresentaram no modelo A2 e A3 reducdo da taxa de
mortalidade, sendo a interagdo entre essas considerada antagdnica (Tabelas 2, 3 e 4).

O antagonismo, de acordo com Tabashnik (1992) e Pinto et al. (2009), pode
ocorrer pela competicdo entre uma ou mais proteinas presentes nas cepas pelo mesmo
receptor (resisténcia cruzada). Segundo Jurat-Fuentes & Crickmore (2017) pode ocorrer
também por uma falha na interacdo da toxina com o receptor presente no intestino do
inseto com a toxina presente na proteina, sendo este ultimo fato relacionado também a
expressao de resisténcia dos insetos a campo.

O sinergismo pode ocorrer em funcdo do maior nimero de toxinas presentes
em uma interagdo entre cepas, mas para que isso ocorra as toxinas ndao podem
competir por um mesmo receptor (resisténcia cruzada) sendo necessario se ligarem a
diferentes receptores de foram estdvel para conferir toxicidade ao inseto alvo. Para
melhor elucidar os mecanismos de interacdo e essencial o conhecimento dos
receptores presentes nas microvilosidade apicais das celulas colunares do intestino
médio dos insetos considerando a variabilidade populacional e entre instares.

Misturas de cepas pode ser uma alternativa interessante para prolongar a vida
dos Bt bioinseticidas como importante tatica do manejo integrado de pragas, uma vez
gue as plantas Bt utilizadas no controle de pragas vem tendo a sua eficacia

comprometida devido aos constantes relatos de resisténcia (Blanco et al., 2016;
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Bernardi et al., 2017) e a descoberta de novas moléculas inseticidas custa cerca de 10

vezes mais do que o desenvolvimento de novos bioinseticida (Glare et al., 2012).
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CONCLUSAO

A interagdo entre as cepas de Bt varia de acordo com a sua

composicdo toxica e método de bioensaio.
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ANEXO 1- NORMAS: JOURNAL OF INVERTEBRATE PATHOLOGY

INTRODUCTION

The Journal of Invertebrate Pathology publishes articles on all aspects of original research
concerned with the causation and manifestation (including immunologic responses) of
infectious and noninfectious diseases of invertebrates, the suppression of such diseases in
beneficial species, and the use of these pathogens in controlling undesirable species such as
agricultural pests and vectors of pathogens transmissible to other organisms. In addition, this
journal publishes the results of biochemical, physiological, morphological, genetic, and ecological
studies related to the etiologic agents of diseases of invertebrates. The journal is particularly
dedicated to the publication of contributions of a basic and fundamental nature, although it will
accept suitable articles pertaining to the applications of invertebrate pathology. The editor-in-chief
and members of the Editorial Board will examine contributions from any qualified worker in any
country of the world.

Types of paper
The Journal of Invertebrate Pathology publishes the following types of articles:
Regular Articles. Manuscripts for Regular Articles are full-length papers the reports the results of a

large and well-defined study. There is no page limit, but this type of article is usually in the
range of eight published pages.

Short Communications. Manuscripts for Short Communications should be 1500 or fewer words and
contain not more than two illustrations or two tables, or one of each. Manuscripts should contain an
abstract of not more than 100 words. References should be kept to a minimum and should be styled
according to the guidelines in the section on References.

Minireviews. Manuscripts for Minireviews typically range from four to six published pages and
provide a succinct review of important and recent developments in any field of invertebrate
pathology.

Forum Articles. Manuscripts for Forum Articles typically range from one to four published pages and
focus on a topical issue in invertebrate pathology. It is the intent of Forum Articles to stimulate
discussion of controversial or unresolved issues relevant to all aspects of invertebrate pathology.

Important Note: When you reach the submission page, you will see a drop down box with the
label "Select Issue Type'. Please click on the drop down box and select "Regular issue" unless
you are invited by a editor for a special issue.

If you have been invited for a special issue, then select the corresponding special issue
from the drop down

Submission checklist

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

e E-mail address
e Full postal address

All necessary files have been uploaded:
Manuscript:

e Include keywords

e All figures (include relevant captions)
e All tables (including titles, description, footnotes)
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e Ensure all figure and table citations in the text match the files provided
e Indicate clearly if color should be used for any figures in

print Graphical Abstracts / Highlights files (where

applicable)

Supplemental files (where applicable)
e Manuscript has been 'spell checked' and 'grammar checked'

o All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests
to declare

e Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

e E-mail address
e Full postal address

All necessary files have been uploaded:
Manuscript(With the Line numbers inserted):

Include keywords

All figures (include relevant captions)

All tables (including titles, description, footnotes)

Ensure all figure and table citations in the text match the files provided
Indicate clearly if color should be used for any figures in

print Graphical Abstracts / Highlights files (where

applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

e All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e Relevant declarations of interest have been made

e Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

Note;Please ensure that the line numbers are inserted in the manuscript file
BEFORE YOU BEGIN Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential conflicts of
interest include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/ registrations, and grants or other funding. If there are no conflicts of interest then
please state this: 'Conflicts of interest: none'. More information.
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Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this

should be stated.

Funding body agreements and policies
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Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

Open access
This journal offers authors a choice in publishing their research:
Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.
e No open access publication fee payable by authors.

Open access

e Articles are freely available to both subscribers and the wider public with permitted reuse.

¢ An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a
collective work (such as an anthology), text or data mine the article, even for commercial
purposes, as long as they credit the author(s), do not represent the author as endorsing their
adaptation of the article, and do not modify the article in such a way as to damage the author's
honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number
of green open access options available. We recommend authors see our green open access page
for further information. Authors can also self-archive their manuscripts immediately and enable
public access from their institution's repository after an embargo period. This is the version that has
been accepted for publication and which typically includes author-incorporated changes suggested
during submission, peer review and in editor-author communications. Embargo period: For
subscription articles, an appropriate amount of time is needed for journals to deliver value to
subscribing customers before an article becomes freely available to the public. This is the embargo
period and it begins from the date the article is formally published online in its final and fully citable
form. Find out more.

This journal has an embargo period of 12 months.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Submission

XXXi


http://www.elsevier.com/openaccesspricing.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

PREPARATION Peer review

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum
of two independent expert reviewers to assess the scientific quality of the paper. The Editor is
responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision is final.
More information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The
text should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not use
the word processor's options to justify text or to hyphenate words. However, do use bold face, italics,
subscripts, superscripts etc. When preparing tables, if you are using a table grid, use only one
grid for each

individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Article structure
Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.
Discussion

This should explore the significance of the results of the work, not repeat them. A combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion of
published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices
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If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add your name
between parentheses in your own script behind the English transliteration, e.g. "Y. Wang
(EEE)". Present the authors' affiliation addresses (where the actual work was done) below the
names. Indicate all affiliations with a lower-case superscript letter immediately after the author's
name and in front of the appropriate address. Provide the full postal address of each affiliation,
including the country name and, if available, the e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated
as a footnote to that author's name. The address at which the author actually did the work must
be retained as the main, affiliation address. Superscript Arabic numerals are used for such
footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

A graphical abstract is mandatory for this journal. It should summarize the contents of the
article in a concise, pictorial form designed to capture the attention of a wide readership online.
Authors must provide images that clearly represent the work described in the article. Graphical
abstracts should be submitted as a separate file in the online submission system. Image size: please
provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image
should be readable at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file
types: TIFF, EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our information
site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
also in accordance with all technical requirements.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These
keywords will be used for indexing purposes.

Abbreviations
Define abbreviations that are not standard in this field in a footnote to be placed on the first
page

of the article. Such abbreviations that are unavoidable in the abstract must be defined at their
first
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mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the
article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing
assistance or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,
yyyyl; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States
Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Artwork
e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol,
or use fonts that look similar.

Number the illustrations according to their sequence in the text.

Use a logical naming convention for your artwork files.

Provide captions to illustrations separately.

Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
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TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will
appear in color online (e.g., ScienceDirect and other sites) regardless of whether or not these
illustrations are reproduced in color in the printed version. For color reproduction in print, you will
receive information regarding the costs from Elsevier after receipt of your accepted
article. Please

indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References
Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of
the

journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links
to the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
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creation. When copying references, please be careful as they may already contain errors. Use of the
DOl is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to
change, so you can use it as a permanent link to any electronic article. An example of a citation
using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B.,
Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern
Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note
the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing
them in your text and including a data reference in your Reference List. Data references should include
the following elements: author name(s), dataset title, data repository, version (where available),
year, and global persistent identifier. Add [dataset] immediately before the reference so we can
properly identify it as a data reference. The [dataset] identifier will not appear in your published
article.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing
their article, after which citations and bibliographies will be automatically formatted in the
journal's style. If no template is yet available for this journal, please follow the format of the sample
references and citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/journal-of-invertebrate-pathology

When preparing your manuscript, you will then be able to select this style using the Mendeley
plug-ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal
title/book title, chapter title/article title, year of publication, volume number/book chapter and
the pagination must be present. Use of DOI is highly encouraged. The reference style used by the
journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;
2. Two authors: both authors' names and the year of publication;
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3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ....'

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified
by the letters 'a', 'b", 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.
Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.
Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the
body text where it should be placed. All submitted files should be properly labeled so that they
directly relate to the video file's content. In order to ensure that your video or animation material
is directly usable, please provide the files in one of our recommended file formats with a preferred
maximum size of 150 MB in total. Any single file should not exceed 50 MB. Video and animation
files supplied will be published online in the electronic version of your article in Elsevier Web
products, including ScienceDirect. Please supply 'stills' with your files: you can choose any frame
from the video or animation or make a separate image. These will be used instead of standard icons
and will personalize the link to your video data. For more detailed instructions please visit our
video instruction pages. Note: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic and the print version for the
portions of the article that refer to this content.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received
(Excel or PowerPoint files will appear as such online). Please submit your material together with the
article and supply a concise, descriptive caption for each supplementary file. If you wish to make changes
to supplementary material during any stage of the process, please make sure to provide an updated
file. Do not annotate any corrections on a previous version. Please switch off the 'Track Changes'
option in Microsoft Office files as these will appear in the published version.

RESEARCH DATA
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This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one
of these ways, you are encouraged to cite the data in your manuscript and reference list. Please
refer to the "References" section for more information about data citation. For more information on
depositing, sharing and using research data and other relevant research materials, visit the research
data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better
understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly
link your dataset to your article by providing the relevant information in the submission system. For
more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to
Mendeley Data. The datasets will be listed and directly accessible to readers next to your published
article online.

For more information, visit the Mendeley Data for journals page.
Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data
into one or multiple data articles, a new kind of article that houses and describes your data. Data
articles ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and
publicly available to all upon publication. You are encouraged to submit your article for Data in
Brief as an additional item directly alongside the revised version of your manuscript. If your research
article is accepted, your data article will automatically be transferred over to Data in Brief where
it will be editorially reviewed and published in the open access data journal, Data in Brief. Please note
an open access fee of 250 USD is payable for publication in Data in Brief. This fee applies to articles
submitted before 31 December 2017. Full details can be found on the Data in Brief website. Please
use this template to write your Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a

requirement of your funding body or institution. If your data is unavailable to access or
unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AudioSlides
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The journal encourages authors to create an AudioSlides presentation with their published
article.

AudioSlides are brief, webinar-style presentations that are shown next to the online article
on

ScienceDirect. This gives authors the opportunity to summarize their research in their own
words and to help readers understand what the paper is about. More information and
examples are available. Authors of this journal will automatically receive an invitation e-mail to create an
AudioSlides presentation after acceptance of their paper.

Interactive plots

This journal enables you to show an Interactive Plot with your article by simply submitting a
data file. Full instructions.

Additional information
(To appear before "Preparation of Supplementary Material")

Identification of Pathogens. Pathogens should be identified using current methods accepted for
each pathogen group. Molecular methods should be used to identify pathogens being described
for the first time where these methods are standard for the field.

AFTER ACCEPTANCE Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition
to editing text, you can also comment on figures/tables and answer questions from the Copy
Editor. Web-based proofing provides a faster and less error-prone process by allowing you to
directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative methods
to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent
back to us in one communication. Please check carefully before replying, as inclusion of any
subsequent corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used
for sharing the article via any communication channel, including email and social media. For
an extra charge, paper offprints can be ordered via the offprint order form which is sent once
the article is accepted for publication. Both corresponding and co-authors may order offprints
at any time via Elsevier's Webshop. Corresponding authors who have published their article open
access do not receive a Share Link as their final published version of the article is available open
access on ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article
will be published.
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