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RESUMO

VASCONCELOS, Jéssica Fontes. Aspectos biologicos e potencial de Lasioseius
barbensiensis Faraji & Kang (Acari: Blattisociidae) como agente de controle bioldgico e
resisténcia de hibridos de coqueiro a Raoiella indica Hirst (Acari: Tenuipalpidae). S&o
Cristovdo: UFS, 2025. XXp. (Tese — Doutorado em Agricultura e Biodiversidade).*

Esta tese aborda o potencial de Lasioseius barbensiensis Faraji & Kang (Acari: Blattisociidae)
como agente de controle bioldgico de acaros fitofagos associados ao coqueiro (Cocos nucifera
L.), bem como a suscetibilidade de diferentes hibridos dessa cultura ao acaro-vermelho-das-
palmeiras, Raoiella indica Hirst (Acari: Tenuipalpidae). Inicialmente, foram conduzidos
estudos para determinar a preferéncia alimentar e os parametros biologicos de L. barbensiensis
ao se alimentar de diferentes estagios de desenvolvimento do &caro Tyrophagus putrescentiae
(Acari: Acaridae). Os resultados indicaram uma preferéncia por ovos e larvas, que
proporcionaram maiores taxas de oviposicéo e viabilidade dos ovos. A analise da tabela de vida
revelou um tempo meédio de desenvolvimento pré-adulto de 8,5 dias, fecundidade média de
32,38 ovos por fémea e taxa intrinseca de aumento populacional (r,) de 0,1757, sugerindo
viabilidade para criacdo massal. Subsequentemente, avaliou-se a capacidade predatoria de L.
barbensiensis sobre duas espécies de acaros fitofagos do coqueiro: Aceria guerreronis (Acari:
Eriophyidae) e R. indica. Testes de escolha e ndo escolha demonstraram que o predador
consumiu significativamente mais ovos de R. indica e adultos de A. guerreronis do que adultos
de R. indica, evidenciando uma preferéncia por presas menores e destacando seu potencial
como agente de controle biolégico para ambas as espécies. Por fim, foi avaliada a
suscetibilidade de 15 hibridos experimentais de coqueiro e um hibrido comercial (PB141) a R.
indica em condicBes de campo e laboratério. No campo, os hibridos 1, 6 e 9 apresentaram
menores niveis de infestacdo em todos os estagios do acaro, sugerindo resisténcia potencial.
Em laboratorio, o hibrido 6 exibiu a menor taxa instantdnea de aumento populacional (ri =
0,106), indicando efeito de antibiose. Em contrapartida, os hibridos 14 e 15 sustentaram as
maiores densidades populacionais do acaro, caracterizando-se como suscetiveis. Conclui-se que
L. barbensiensis possui atributos biolodgicos favoraveis para o controle de acaros fitofagos do
coqueiro, e que a selecdo de hibridos resistentes pode ser uma estratégia eficaz no manejo
integrado de R. indica. A integracdo de agentes de controle biol6gico com o uso de gendtipos
resistentes representa uma abordagem promissora para a sustentabilidade da cultura do
coqueiro.

Palavras-chave: Antibiose, acaros predadores, criacdo massal, dinamica populacional, manejo
integrado de artrépodes fitdéfagos, parametros demogréaficos, resisténcia genética, variagdo
sazonal.

* Comité Orientador: Dr. Adenir Vieira Teodoro — UFS (Orientador), Dr. Leandro Bacci — UFS (Coorientador).
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ABSTRACT

VASCONCELOS, Jéssica Fontes. Biological aspects and potential of Lasioseius
barbensiensis Faraji & Kang (Acari: Blattisociidae) as a biological control agent and
resistance of coconut hybrids to Raoiella indica (Acari: Tenuipalpidae). S&o Cristovéo:
UFS, 2025. XXp. (Thesis - Doctor of Science in Agriculture and Biodiversity).*

This dissertation investigates the potential of Lasioseius barbensiensis Faraji & Kang (Acari:
Blattisociidae) as a biological control agent of phytophagous mites associated with coconut
palms (Cocos nucifera L.), as well as the susceptibility of different coconut hybrids to the red
palm mite, Raoiella indica Hirst (Acari: Tenuipalpidae). Initially, studies were conducted to
determine the feeding preference and biological parameters of L. barbensiensis when fed on
different developmental stages of the mite Tyrophagus putrescentiae (Acari: Acaridae). The
results indicated a clear preference for eggs and larvae, which led to higher oviposition rates
and egg viability. Life table analysis revealed an average pre-adult development time of 8.5
days, a mean fecundity of 32.38 eggs per female, and an intrinsic rate of population increase
(rm) of 0.1757, indicating the feasibility of mass rearing. Subsequently, the predatory capacity
of L. barbensiensis was evaluated against two phytophagous mite species of coconut: Aceria
guerreronis (Acari: Eriophyidae) and R. indica. Choice and no-choice tests showed that the
predator consumed significantly more R. indica eggs and A. guerreronis adults than R. indica
adults, demonstrating a preference for smaller prey and highlighting its potential as a biological
control agent for both species. Finally, the susceptibility of 15 experimental coconut hybrids
and one commercial hybrid (PB141) to R. indica was assessed under field and laboratory
conditions. In the field, hybrids 1, 6, and 9 exhibited lower infestation levels across all mite
stages, suggesting potential resistance. In laboratory conditions, hybrid 6 displayed the lowest
instantaneous population growth rate (ri = 0.106), indicating an antibiosis effect. In contrast,
hybrids 14 and 15 supported the highest mite population densities, classifying them as
susceptible. In conclusion, L. barbensiensis exhibits favorable biological traits for the control
of phytophagous mites in coconut cultivation, and the selection of resistant hybrids may
constitute an effective strategy for the integrated management of R. indica. The integration of
biological control agents with resistant genotypes represents a promising approach for the
sustainable management of coconut crops.

Key-words: Antibiosis, Predatory mites, Mass rearing, Population dynamics, Integrated
management of phytophagous arthropods, Demographic parameters, Genetic resistance,
Seasonal variation.

* Guidance Committee: Advisor: Dr. Adenir Vieira Teodoro — UFS, Co-advisor: Dr. Leandro Bacci — UFS.



1. INTRODUGCAO GERAL

Acaros predadores, como os do género Lasioseius (Acari: Blattisociidae), destacam-se
como potenciais agentes de controle bioldgico, especialmente em ambientes Umidos, embora
ainda pouco explorados (Moraes et al., 2015; Abo-Shnaf et al., 2016; Van Lenteren, 2012).
Frequentemente, Lasioseius se associa a plantas hospedeiras e seus artropodes fitéfagos. Por
exemplo, estudos em culturas ornamentais nas Filipinas relataram Lasioseius parberlesei
Guerrero (Acari: Blattisociidae) em folhas de crisintemo e Lasioseius pitimini Corpuz-Raros
(Acari: Blattisociidae) em folhas de rosas, ambos associados a acaros fitéfagos. Lasioseius
parberlesei foi observado alimentando-se do &caro-rajado (Tetranychus urticae Koch, 1836),
enquanto L. pitimini se alimentou do acaro-da-ferrugem (Brevipalpus sp. Donnadieu) e de T.
urticae em rosas, sugerindo um papel no controle natural desses fitéfagos (Leon-Facundo e
Corpuz-Raros, 2002). No entanto, estudos sobre Lasioseius barbensiensis Faraji & Kang
(Acari: Blattisociidae), em especial relacionados a sua biologia e eficiéncia no controle de
artropodes fitdfagos, ainda sdo escassos, 0 que torna as pesquisas sobre essa espécie pioneiras.

Assim, L. barbensiensis deve apresentar potencial na predagéo de diferentes artrépodes
fitéfagos, podendo ser uma alternativa promissora para a reducdo dessas populacbes em
cultivos agricolas. A viabilizagdo de sua aplicacdo em programas de controle bioldgico depende
do desenvolvimento de técnicas eficientes de criagdo massal, o que pode ser otimizado pelo uso
de fontes alimentares alternativas, como o acaro-da-farinha Tyrophagus putrescentiae
(Fournier et al., 1985; McMurtry et al., 2013; Riahi et al., 2017).

Tyrophagus putrescentiae € um &caro de distribuicdo mundial, frequentemente
associado a produtos armazenados e reconhecido como uma praga relevante de alimentos secos
(Asgari et al., 2022). No entanto, essa espécie também tem sido amplamente utilizada como
presa alternativa em sistemas de criacdo massal de acaros predadores (Pirayeshfar et al., 2020).
Diversos trabalhos investigam o valor nutricional dos diferentes estagios de desenvolvimento
de T. putrescentiae — como ovos, larvas, ninfas e adultos — no contexto da predacdo e do
controle bioldgico. Um exemplo é o estudo de Asgari et al. (2022), que analisou separadamente
0 desempenho de Blattisocius mali Oudemans (Acari: Blattisociidae) alimentado
exclusivamente com ovos ou apenas com larvas do acaro. Os resultados indicaram que as larvas
proporcionaram um aporte nutricional significativamente superior, levando a reducdo do
periodo de pré-oviposicdo e ao aumento da fecundidade do predador. J& os ovos, apesar de
menos nutritivos, foram consumidos em maiores quantidades e mostraram-se Uteis na
manutencdo inicial das colbnias predadoras (Asgari et al., 2022). A compreensao detalhada de
acaros predadores, sua biologia, longevidade e taxas reprodutivas é essencial para aprimorar as
técnicas de multiplicacdo massal e viabilizar seu uso no controle biolégico (Navarro-Campos
et al., 2016). Estudos de tabela de vida fornecem informac@es valiosas sobre caracteristicas da
historia de vida de &caros predadores, como tempo de desenvolvimento, taxas de sobrevivéncia,
fecundidade e longevidade, permitindo avaliar sua eficiéncia como agentes de controle e seu
desempenho sobre presas alternativas, visando a criacdo massal (Lawson-Balagbo et al., 2007).
Essas estratégias reduzem os custos de produgdo e favorecem a reproducgdo dos predadores,
tornando sua utilizagdo mais acessivel e eficiente.

Embora algumas espécies de Lasioseius tenham sido encontradas em associagcdo com
Aceria guerreronis Keifer (Acari: Eriophyidae) em frutos de coqueiro no estado de Sao Paulo,
Brasil (Oliveira, Moraes e Dias, 2012) e na Tanzania (Negloh et al., 2011), outras como
Lasioseius sp. e Lasioseius helveticus Evans (Acari: Blattisociidae) foram coletadas em folhas
e frutos de coqueiro, em associa¢do com Raoiella indica (Acari: Tenuipalpidae) na Amazoénia
(Cruz et al., 2015). Ainda assim, ndo foram encontrados estudos investigando o potencial de
controle biolégico de L. barbensiensis. Portanto, este estudo representa uma contribuicdo
original na avaliacdo do uso de L. barbensiensis como agente de controle bioldgico desses
acaros fitéfagos. O uso de testes com e sem escolha torna-se essencial para compreender a
ecologia comportamental e a eficacia potencial de predadores generalistas, como L.
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barbensiensis. Enquanto os testes com escolha ajudam a revelar a preferéncia alimentar quando
multiplas presas estdo disponiveis, 0s testes sem escolha simulam condi¢Ges mais proximas as
do campo, nas quais apenas um tipo de presa pode estar presente (Carrillo et al., 2012).

O manejo de artropodes fitofagos é realizado principalmente com o uso de inseticidas
e/ou acaricidas, mas o risco de resisténcia e os efeitos negativos sobre os inimigos naturais
tornam necessario o desenvolvimento de alternativas mais sustentaveis (Doker et al., 2020;
Marcic, 2012). O Manejo Integrado de Pragas (MIP) propde a reducédo do impacto ambiental,
com énfase no controle bioldgico, incluindo a introducdo de inimigos naturais e a manipulagéo
ambiental para favorecer os predadores nativos (Meissle et al., 2011; Jarvinen et al., 2023). No
controle bioldgico, acaros predadores, como Phytoseiulus persimilis Athias-Henriot (Acari:
Phytoseiidae) e Neoseiulus californicus McGregor (Acari: Phytoseiidae), ttm mostrado
eficacia, enquanto o género Lasioseius poderia ser uma alternativa promissora para o controle
de artropodes fitofagos em determinadas condi¢cdes (Moraes et al., 2015; Abo-Shnaf et al.,
2016; Van Lenteren, 2012).

O coqueiro (Cocos nucifera L.) é uma das plantas tropicais mais importantes do ponto
de vista econdmico, com ampla distribuicdo mundial, especialmente em paises como Indonésia,
Filipinas e Brasil. O Brasil destaca-se pela alta produtividade, impulsionada pela ado¢do de
tecnologias avancgadas e o uso de variedades melhoradas (Martins e Jesus Junior, 2014). Suas
diversas partes sdo utilizadas em produtos alimenticios, cosméticos e farmacéuticos, como agua
de coco, leite, fibras e 6leo (Santos et al., 2003). A cultura est& principalmente concentrada no
Nordeste brasileiro, em estados como Bahia, Sergipe e Ceard, e sua sustentabilidade depende
de préticas de manejo adequadas e do controle eficiente de artrépodes fitofagos (Alouw e
Wulandari, 2020).

Dois dos principais acaros fit6fagos que afetam o coqueiro no Brasil sdo o0 &caro-da-
necrose-do-coqueiro, A. guerreronis, e o0 acaro-vermelho-das-palmeiras, R. indica,
responsaveis por impactos negativos significativos na produtividade. A. guerreronis causa
necrose na superficie dos frutos, reduzindo sua qualidade e viabilidade comercial (Pefia et al.,
2012; Teodoro et al., 2016). J& R. indica compromete a salde da planta ao provocar manchas
cloréticas nos foliolos, prejudicando a fotossintese e, consequentemente, o desenvolvimento
das palmeiras (Vendramim e Guzzo, 2012; Ferreira et al., 2002; Navia et al., 2013). Nesse
contexto, o controle bioldgico tem se consolidado como uma alternativa mais sustentavel dentro
do Manejo Integrado de Pragas (MIP).

Dentro da familia Arecaceae, com cerca de 390 espécies no Brasil, 0 coqueiro se destaca
pelas suas duas variedades principais: a gigante e a ana, sendo que a primeira é destinada a
producdo de Gleo e a segunda, a agua de coco (Azevedo et al., 2018; Angeles et al., 2018). O
desenvolvimento de hibridos entre essas variedades tem o potencial de aumentar a
produtividade e combinar as melhores caracteristicas de ambas (Santos et al., 2020). Contudo,
a resisténcia a artrépodes fitéfagos € um fator crucial para o sucesso do cultivo, com a
composicao genética das variedades influenciando diretamente a suscetibilidade a artropodes
fitofagos (Vendramim e Guzzo, 2012; Ferreira et al., 2002; Navia et al., 2013).

A resisténcia genética das plantas a artropodes fitéfagos diz respeito a habilidade natural
que essas espécies possuem para suportar ou impedir danos causados por esses organismos,
gracas a presenca de determinados genes (Smith e Clement, 2011). Essa defesa pode ocorrer
por meio da producéo de proteinas especificas e compostos aleloquimicos, 0s quais atuam como
mecanismos de autodefesa. Esses compostos podem estar presentes continuamente ou serem
ativados em resposta ao ataque, sendo todos regulados por genes de resisténcia (Smith e
Clement, 2011). Esses mecanismos podem resultar em efeitos de antibiose ou antixenose,
afetando o desenvolvimento, a sobrevivéncia ou a preferéncia dos fitéfagos. O uso desses
mecanismos no melhoramento genético de culturas oferece uma estratégia sustentavel e
economicamente viavel para o manejo de artrépodes fitdéfagos, reduzindo a necessidade de
agrotoxicos e aumentando a produtividade (Togola et al., 2017). Nesse sentido, a composi¢do
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genética das variedades resistentes é fundamental para determinar sua menor suscetibilidade ou
maior resisténcia aos artropodes fitdfagos.

Assim, este estudo visou identificar os estagios de desenvolvimento mais adequados de
T. putrescentiae como fonte alimentar para L. barbensiensis, bem como descrever os aspectos
bioldgicos desse predador com essa presa alternativa, avaliar seu potencial como agente de
controle bioldgico dos acaros A. guerreronis e R. indica, e investigar a resisténcia de hibridos
de coqueiro ando x gigante a infestacdo por R. indica em condi¢des de campo e laboratdrio.



2. REVISAO DE LITERATURA

2.1 Controle bioldgico de acaros fitéfagos com acaros predadores

As estratégias de Manejo Integrado de Pragas (MIP) tém sido amplamente aplicadas na
agricultura com o objetivo de controlar populacBGes de artropodes fitofagos, reduzindo os
impactos ambientais associados. Essas praticas integram diferentes métodos, como controle
bioldgico, adogdo de técnicas culturais e aplicacao criteriosa de pesticidas (Meissle et al., 2011).

O controle bioldgico é uma estratégia de manejo que emprega inimigos naturais para
regular as populacdes de artropodes fitéfagos em sistemas agricolas ou florestais (Parra et al.,
2002). Existem trés principais tipos de controle bioldgico:

1) O controle bioldgico classico consiste na introducdo intencional de inimigos naturais
exoticos para 0 manejo de artrépodes fitofagos também exdticos, buscando
estabelecer um equilibrio ecoldgico sustentavel a longo prazo. Um exemplo é a
introducdo de parasitoides ou predadores especificos de um artropode fitdfago, em
regiGes onde ele foi introduzido acidentalmente (Zhang et al., 2021).

2) O controle biolégico aumentativo envolve a liberacdo periddica de inimigos naturais
produzidos em laboratorio para intensificar suas populacbes no campo. Essa
abordagem pode ser realizada de forma inoculativa, com liberagdes em menor escala
para promover o estabelecimento, ou inundativa, com liberacGes frequentes em
grandes quantidades. E amplamente utilizado em cultivos protegidos e em
determinadas culturas anuais (Zhang et al., 2021).

3) O controle biolégico conservativo consiste na manipulacdo do ambiente para
promover a sobrevivéncia, a reproducdo e a eficadcia dos inimigos naturais ja
presentes no agroecossistema. Essa abordagem inclui praticas como a utilizacao de
plantas que oferecem recursos alternativos, 0 manejo do habitat e a reducdo de
atividades que prejudiquem os inimigos naturais (Zhang et al., 2021).

O controle bioldgico é considerado uma das estratégias de manejo de artropodes
fitéfagos mais seguras, ecologicamente sustentaveis e economicamente viaveis (Messing e
Brodeur, 2017). Uma vantagem importante do controle bioldgico € que ele utiliza populagdes
de inimigos naturais nativos ou ja estabelecidos, adaptados aos ecossistemas e condicGes
agricolas locais (Mkenda et al., 2020), o que contribui para a sustentabilidade da abordagem a
longo prazo.

Assim, o controle biologico oferece uma alternativa eficaz e sustentavel aos pesticidas
sintéticos, trazendo beneficios ambientais e econémicos considerdveis. Além disso, esta
alinhado com as preferéncias dos consumidores por produtos agricolas organicos e préaticas
agricolas ecoldgicas (Nair e Peterson, 2023).

Os acaros predadores sdo pequenos artropodes que desempenham um papel crucial no
controle bioldgico de artrépodes fitéfagos em ecossistemas agricolas e naturais (Ghasemzadeh
et al., 2017). Eles se alimentam de outros acaros, insetos e suas larvas, funcionando como
predadores naturais (Ghasemzadeh et al., 2017). Acaros predadores geralmente possuem uma
alta capacidade reprodutiva e a possibilidade de criagdo em massa em laboratério (McMurtry e
Scriven, 1965; Carvalho e Souza, 2000; Moraes e Flechtmann, 2008). Algumas espécies de
acaros predadores ja sdo comercializadas em alguns paises para o controle de acaros fitofagos
(Van Lenteren et al., 2018).

Os acaros predadores habitam estruturas chamadas acarodomacias, que sao pequenos
abrigos localizados nas folhas de diversas espécies de plantas (Puchalska et al., 2024). Essas
estruturas proporcionam protecdo contra condi¢cbes ambientais desfavoraveis e predagéo,
favorecendo a reproducéo e o desenvolvimento desses acaros (Ferreira et al., 2008; Puchalska
et al., 2024). Diferentes espécies de acaros predadores se alimentam de diferentes estagios de
desenvolvimento de suas presas. Por exemplo, Amblyseius cucumeris Oudemans (Acari:
Phytoseiidae) se alimenta de larvas de primeiro instar de tripes, enquanto Hypoaspis aculeifer
Canestrini (Acari: Laelapidae) preda pupas de tripes no solo (Wiethoff et al., 2004).
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Alguns acaros predadores sdo atraidos por odores emitidos por plantas infestadas por
suas presas, 0 que os auxilia na localizacdo de fontes de alimento. Por exemplo, P. persimilis é
atraido pelos odores de plantas de pepino infestadas com acaros rajados (Janssen, 1999). Assim,
a eficécia do controle biolégico com acaros predadores pode ser afetada por fatores como a
presenca de acarodomacias, a disponibilidade de presas alternativas e as condi¢des ambientais
(English-Loeb et al., 2002; Ghasemzadeh et al., 2017; Wiethoff et al., 2004).

Acaros predadores sd0 comumente encontrados em associagdo com coldnias do acaro
fitéfago A. guerreronis (Navia et al., 2005; Lawson-Balagbo et al., 2008; Galvéo et al., 2011;
Carrillo et al., 2012; Domingos et al., 2013). No entanto, a baixa densidade populacional desses
predadores no campo, juntamente com o0 uso inadequado de acaricidas sintéticos,
frequentemente impede que eles consigam controlar de maneira eficaz as populacdes de A.
guerreronis (Reis et al., 2008; Taylor et al., 2012; Teodoro et al., 2016; Teodoro et al., 2018).

O uso de acaros predadores no controle bioldgico iniciou-se em 1968, na Europa, com
a introducéo de P. persimilis (Van Lenteren, 2012). Hoje, essa espécie é utilizada em mais de
20 paises para o manejo de acaros da familia Tetranychidae (Van Lenteren, 2012). Ao longo
do tempo, o uso de &caros predadores tem se consolidado como uma estratégia eficiente no
controle de acaros fitofagos em diversos sistemas agricolas (Knapp et al., 2018; Fountain e
Medd, 2015).

Os acaros da familia Phytoseiidae sdo frequentemente utilizados no controle de acaros
fitéfagos no Brasil e em diversos outros paises (Moraes, 2008). Dessa forma, a utilizacdo de
acaros predadores no manejo de acaros fitdéfagos ja € uma pratica consolidada tanto no Brasil
quanto no cenario internacional (Pallini et al., 2019). Espécies como P. persimilis, N.
californicus e Amblyseius swirskii Athias-Henriot (Acari: Phytoseiidae) tém demonstrado
grande eficécia na reducgdo das populagdes de acaros fitofagos, como Tetranychus urticae Koch
(Acari: Tetranychidae), em cultivos como morango e pepino (Bernardi et al., 2012; Saito e
Brownbridge, 2018).

O género Lasioseius tem demonstrado grande potencial no controle bioldgico de
artrépodes fitdéfagos (Knapp et al., 2018; Knapp et al., 2024). Espécies como Lasioseius
japonicus Ehara (Acari: Blattisociidae) tém mostrado capacidade de predar ovos de diversas
espécies de insetos e acaros, incluindo Drosophila melanogaster Meigen (Diptera: Sciaridae),
Sitotroga cerealella Olivier (Lepidoptera: Gelechiidae) e as larvas de Bradysia cellarum
Freeman (Diptera: Sciaridae) (Tan et al., 2022). Recentemente, o conhecimento sobre a
diversidade e a distribuicdo do género foi ampliado, com novas espécies sendo descritas tanto
no Brasil quanto na Republica Dominicana (Abo-Shnaf et al., 2016; Barros et al., 2023).

Apesar do potencial evidenciado, o uso de Lasioseius como agente de controle bioldgico
tem sido pouco explorado em comparacdo com outras familias, como a Phytoseiidae (Moraes
et al., 2015; Vasquez et al., 2023). No entanto, algumas espécies do género tém mostrado
resultados promissores, especialmente em ambientes imidos, como as culturas de arroz, além
de sua eficacia no controle de artropodes fitdéfagos do solo e em armazenagem (Moraes et al.,
2015).

Portanto, embora o género Lasioseius apresente um grande potencial para o controle
bioldgico de artropodes fitofagos, a validacdo de seus efeitos em campo ainda requer mais
estudos. A recente descoberta de novas espécies (Abo-Shnaf et al., 2016; Barros et al., 2023)
sugere que ainda ha muitos agentes biologicos eficazes a serem identificados neste género,
enfatizando a importancia de pesquisas continuas sobre sua biologia, comportamento e
ecologia.

2.2 Género Lasioseius no controle biologico

Os éacaros do género Lasioseius foram, durante muito tempo, incluidos na familia
Ascidae. Contudo, revisfes taxondmicas recentes reclassificaram esses acaros como
pertencentes a familia Blattisociidae (Moraes et al., 2016). Essas mudancas ocorreram devido
a estudos que dividiram o antigo grupo em trés familias distintas: Ascidae, Blattisociidae e
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Melicharidae, refletindo avancos no conhecimento taxonémico do grupo, baseado em
semelhancas morfoldgicas, razbes historicas e ecoldgicas (Moraes et al., 2016). Acaros
Blattisociidae podem ser encontrados em diversos habitats, incluindo associacfes com aves,
insetos, mamiferos, plantas e ambientes edéaficos (Moraza e Lindquist, 2018). Esses acaros se
alimentam de uma variedade de organismos, como acaros fitéfagos, pequenos artropodes e
nematoides, além de fungos, polen ou néctar (Lindquist et al., 2009; Moraes e Flechtmann,
2008). Por exemplo, eles se alimentam de colémbolos e de acaros do solo como Tyrophagus e
Tarsonemus (Quiroz-1bafez et al., 2016). Nas folhas, sua dieta é predominantemente composta
por acaros tetraniquideos e eriofideos (Quiroz-1bafez et al., 2016).

Lasioseius barbensiensis foi originalmente descrito em um pomar de macieiras
(Rosaceae) em Barbens, na Espanha (Faraji & Karg, 2006). De modo geral, espécies do género
Lasioseius ocupam uma ampla variedade de micro-habitats. Elas ocorrem em matéria organica
em decomposicdo, serapilheira de florestas e musgos, no solo, em ninhos de pequenos
mamiferos e aves, sob cascas de arvores, em cogumelos basidiomicetos, ocos de arvores,
produtos armazenados e até em feno (Crozier, 1989; Walter e Lindquist, 1989). Esses ambientes
sugerem que L. barbensiensis pode habitar detritos vegetais e solos em ecossistemas agricolas
e florestais semelhantes aos ja relatados para o género. Além disso, em ambientes tropicais
associados a plantagdes de coqueiro, blattisocideos como Lasioseius subterraneus Valle &
Peracchi (Acari: Blattisociidae) foram encontrados em frutos infestados pelo acaro-da-necrose-
do-coqueiro (Aceria guerreronis), especialmente em frutos caidos (Navia et al., 2013).

O género Lasioseius tem demonstrado eficacia como agente de controle bioldgico de
artrépodes fitdfagos (Gerson et al., 2003; Moraes et al., 2015). Segundo Ortiz et al. (2015),
Lasioseius penicilliger Berlese (Acari: Blattisociidae) possui um ciclo de vida curto e reproduz-
se de forma partenogenética. Essa caracteristica favorece o aumento populacional em médio
prazo, 0 que é vantajoso para o controle bioldgico de artropodes fitofagos. Os estagios de
desenvolvimento incluem as fases de ovo, larva, ninfa (protoninfa e deutoninfa) e adulto
(Christian e Karg, 2006; Quiroz-Ibafez et al., 2016). Especificamente, as espécies Lasioseius
berlesei (Acari: Blattisociidae), Lasioseius youcefi Athias-Henriot (Acari: Blattisociidae) e
Lasioseius dentatus Karg (Acari: Blattisociidae) reproduzem-se por meio de partenogénese
telitoca, conforme descrito por Norton et al. (1993) e Walter e Lindquist (1989), assim como
por Imbriani e Mankau (1983) para L. dentatus Karg (Acari: Blattisociidae). No caso de
Lasioseius floridensis Berlese (Acari: Blattisociidae), a reproducdo requer acasalamento para a
oviposicdo, ndo ocorrendo a partenogénese. Esse comportamento é semelhante ao observado
em Lasioseius kinikinik Walter & Lindquist (Acari: Blattisociidae), bem como em L. dentatus
Karg (Acari: Blattisociidae) e Lasioseius athiasae Costa (Acari: Blattisociidae) (Abou-Awad
etal., 2001).

Acaros do género Lasioseius frequentemente se associam a plantas hospedeiras e suas
pragas. Por exemplo, estudos em culturas ornamentais nas Filipinas relataram Lasioseius
parberlesei Costa (Acari: Blattisociidae) em folhas de crisdntemo e Lasioseius pitimini Corpuz-
Raros (Acari: Blattisociidae) em folhas de roseiras, ambos associados a acaros fitéfagos. L.
parberlesei foi observado alimentando-se efetivamente do acaro-rajado (Tetranychus urticae),
enquanto L. pitimini foi coletado juntamente com o &caro-da-ferrugem (Brevipalpus sp.) e T.
urticae em rosas, sugerindo um papel no controle natural desses fitofagos (Leon-Facundo e
Corpuz-Raros, 2002). Lasioseius parberlesei ¢ um predador do acaro Steneotarsonemus spinki
Smiley (Acari: Blattisociidae) em plantagdes de arroz em Taiwan (Tseng, 1984; Zhang e Fan,
2010). L. japonicus tem demonstrado alto potencial no controle de artropodes fitofagos. Pode
se alimentar de ovos de D. melanogaster, S. cerealella, Musca domestica, B. cellarum, T.
putrescentiae e larvas de B. cellarum e T. putrescentiae (Tan et al., 2022). Nas plantagdes de
coco, uma nova espécie, Lasioseius siamensis Chant (Acari: Blattisociidae), foi descoberta na
Tailandia durante uma pesquisa sobre a fauna do &caro do coco (Silva et al., 2014). Algumas
espécies de Lasioseius foram encontradas em associacdo com A. guerreronis em frutos de
coqueiro no estado de S&o Paulo, Brasil (Oliveira, Moraes e Dias, 2012) e na Tanzania (Negloh
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et al., 2011), outras como Lasioseius sp. e Lasioseius helvetius (Acari: Blattisociidae) foram
coletadas em folhas e frutos de coqueiro em associa¢do com R. indica na Amazonia (Cruz et
al., 2015).

De maneira geral, 0 género Lasioseius apresenta uma notavel diversidade bioldgica e
funcional, destacando-se como um grupo promissor no controle bioldgico de artrépodes
fitéfagos em diferentes ecossistemas agricolas (Knapp et al., 2018; Knapp et al., 2024). A
reclassificacdo taxondmica recente reforca a importancia de estudos continuos para melhor
compreensdo de sua ecologia, biologia reprodutiva e potencial de aplicacdo pratica. A
adaptabilidade alimentar e o desempenho como predadores em diversos ambientes tornam esses
acaros aliados valiosos para 0 manejo integrado de artrépodes fitéfagos, contribuindo para
praticas agricolas mais sustentaveis e eficientes.

2.3 Criacdo massal de &caros predadores

Para a criagdo massal de &caros predadores como o L. barbensiensis, alimentos
alternativos, como polens e presas como o &caro-da-farinha T. putrescentiae, podem ser
utilizados para alimentar esses predadores em laboratério. Essa pratica pode resultar em uma
reducao significativa nos custos de producdo em massa (Fournier et al., 1985; McMurtry et al.,
2013; Riahi et al., 2017).

T. putrescentiae € um acaro cosmopolita de produtos armazenados, considerado uma
praga importante de alimentos secos (Asgari et al., 2022), mas também amplamente utilizado
como presa alternativa em programas de criacdo massal de acaros predadores (Pirayeshfar et
al., 2020). Estudos tém comparado o valor nutricional de diferentes estagios de T. putrescentiae
(ovos, larvas, ninfas, adultos) para criacdo e uso no controle biologico. Asgari et al. (2022)
avaliaram separadamente o desempenho de Blattisocius mali alimentado apenas com ovos ou
apenas com larvas de T. putrescentiae. Foram observadas diferencas marcantes: as larvas de T.
putrescentiae forneceram nutricdo muito superior em comparagdo aos ovos, reduzindo
significativamente o tempo de pré-oviposicao e aumentando a fecundidade do predador. Os
ovos, embora menos nutritivos, sdo consumidos em maior nimero e podem contribuir para a
mantencdo do predador nos estagios iniciais da criacdo (Asgari et al., 2022).

Na criacdo massal de &caros predadores, Acarus siro Linnaeus (Acari: Acaridae) e
Tyrophagus castellanit Zachvatkin (Acari: Acaridae) tém sido amplamente utilizados.
(Albuguerque e Moraes, 2008; Xia, 2011). T. putrescentiae € amplamente utilizado como presa
alternativa na criacdo massal de diversos acaros predadores. Estudos demonstram sua eficacia
para espécies como Gaeolaelaps aculeifer Canestrini (Acari: Laelapidae), Stratiolaelaps
scimitus Womersley (Acari: Laelapidae), Neoseiulus baraki Athias-Henriot (Acari:
Phytoseiidae), Androlaelaps aegypticus Ahmed (Acari: Laelapidae), Proctolaelaps gizanensis
Ahmed (Acari: Melicharidae) e Protogamasellopsis zaheri Nasr (Acari: Ascidae) (Barbosa e
Moraes, 2016; Mostafa et al., 2017; Navarro-Campos et al., 2016). Esses acaros apresentam
alta taxa de reproducdo, consomem substratos de baixo custo e sdo de facil criacédo,
caracterizando-se como uma excelente opcao de alimento alternativo para acaros predadores.

A combinacdo dos resultados de testes de preferéncia de escolha e ndo escolha para
diferentes estagios de presa oferecidos a acaros predadores é crucial, pois proporciona uma
compreensdo abrangente das preferéncias alimentares e do desempenho dos predadores. Esse
conhecimento é fundamental para selecionar espécies predadoras adequadas, determinar os
estagios ideais de presas para criagdo massal e prever a eficicia dos predadores em diferentes
cenarios de campo (Sotelo-Cardona et al., 2021). Em dltima andlise, essas descobertas
contribuem para o desenvolvimento de estratégias de controle biol6gico mais eficazes e
sustentaveis de acaros fitéfagos em sistemas agricolas (Lorenzon et al., 2012; Wei et al., 2023).
Enquanto os testes com escolha ajudam a revelar a preferéncia alimentar quando multiplas
presas estdo disponiveis, os testes sem escolha simulam condi¢fes mais proximas as do campo,
nas quais apenas um tipo de presa pode estar presente (Carrillo et al., 2012).
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Acaros como A. siro e T. castellanit s&o eficazes e de fécil cultivo, tornando-se opcdes
sustentaveis para o controle bioldgico de artropodes fitdéfagos. Além disso, a utilizacdo de L.
barbensiensis no controle biolégico depende do desenvolvimento de métodos eficientes de
criacdo massal, baseados tambeém no conhecimento detalhado de sua biologia, longevidade e
taxas reprodutivas (Navarro-Campos et al., 2016). Estudos de tabela de vida fornecem
informacdes valiosas sobre caracteristicas da histdria de vida de &caros predadores, como tempo
de desenvolvimento, taxas de sobrevivéncia, fecundidade e longevidade, permitindo avaliar sua
eficiéncia como agentes de controle e seu desempenho sobre presas alternativas, como o T.
putrescentiae em programas de producdo massal (Lawson-Balagbo et al., 2007).

Diante desse cenario, a implementacdo de métodos eficazes de criacdo massal e a
selecdo adequada de presas alternativas sdo fundamentais para potencializar o uso de acaros
predadores no controle biolégico. O avango nas pesquisas sobre a nutri¢do, reproducao e
comportamento desses organismos contribuira para otimizar sua aplicacdo em diferentes
sistemas agricolas, tornando o controle biolégico uma ferramenta ainda mais vidvel e
sustentavel para o0 manejo de artrépodes fitofagos.

2.4 Coqueiro — C. nucifera, importancia socioeconémica

O coqueiro, conhecido como a "arvore da vida, é uma das plantas mais importantes do
mundo, social e economicamente, amplamente cultivada em paises tropicais, especialmente na
Asia. O coqueiro destaca-se por sua versatilidade, com todas as suas partes sendo aproveitaveis
para diferentes finalidades, desde alimentos até materiais industriais (Debmandal e Mandal,
2011). Essa planta desempenha um papel crucial como fonte de renda e sustento,
proporcionando amplo aproveitamento de suas partes, incluindo raizes, folhas, estipe,
inflorescéncias, seiva, palmito e, sobretudo, o fruto. Entre os principais produtos derivados de
valor econdmico estdo a agua de coco, o leite de coco, as fibras e o coco ralado, que possuem
ampla aplicagdo comercial (Santos et al., 2003).

A agua de coco é bastante nutritiva, contendo sais minerais, proteinas, gorduras neutras,
acucares, vitaminas, fitorménios (substancias promotoras do crescimento) e fosfolipidios (Ma
et al., 2008; Debmandal e Mandal, 2011). Sua composic¢do de aminoacidos é semelhante a do
leite, tornando-a uma alternativa valiosa em regifes com altos indices de desnutri¢do, onde é
usada para suprir proteinas, vitaminas e minerais (Carvalho et al., 2006; Silva et al., 2006).
Além de ser consumida diariamente como suplemento nutricional e solucéo de hidratagdo oral,
jafoi utilizada como soro fisiol6gico em reidratacdo intravenosa e reposicdo eletrolitica (Vigliar
et al., 2006).

O fruto também ¢ valorizado pela producdo de 6leo de coco, um insumo de grande
relevancia para as inddstrias alimenticia, cosmética e farmacéutica. Os residuos gerados no
processamento do coco tém um potencial transformador devido a sua composicdo
lignoceluldsica rica em lignina e grupos multifuncionais. No entanto, se ndo gerenciados
adequadamente, podem causar danos ambientais. Por outro lado, quando bem geridos,
contribuem para a sustentabilidade ao reduzir impactos ambientais e promover o0 uso da
biomassa em diversos setores, como em pesquisas € como matéria-prima nos setores quimico
e energético (Vieira et al., 2024).

Os ultimos dados publicados pela Faostat (2021) indicam que 0s maiores produtores
mundiais de coco estdo concentrados no continente asiatico, com a Indonésia, Filipinas, india
e Sri Lanka liderando o ranking. O Brasil ocupa a quinta posi¢édo global, seguido pelo Vietna.
Contudo, a produtividade média nacional na Indonésia ainda estd distante do potencial
produtivo alcangado pelas variedades geneticamente superiores, o que evidencia desafios
relacionados ao manejo, ao uso de tecnologias e ao melhoramento genético (Alouw e
Wulandari, 2020).

O Brasil, apesar de estar em quinto lugar em volume de producdo, se destaca por
apresentar o maior rendimento entre os principais produtores mundiais, alcangando 13.114
kg/ha em 2020 e 12.588 kg/ha em 2021. Esse desempenho superior estd associado a fatores
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como o uso de tecnologias avancadas na cultura, manejo eficiente dos coqueirais, adocdo de
sistemas intensivos de cultivo e utilizagdo de variedades melhoradas, como o coqueiro ando e
o0 hibrido. Essas inovagOes técnicas ndo apenas aumentaram a produtividade, mas também
possibilitaram a expansdo do cultivo para regides onde antes ndo havia producdo comercial
significativa (Martins e Jesus Junior, 2014).

No Brasil, a cocoicultura estd concentrada majoritariamente na regido Nordeste, ao
longo da faixa litordnea, devido as condicdes climaticas favoraveis ao cultivo. A lideranca na
producdo de coco pertence a Bahia, seguida por Sergipe e Ceara. Em 2009, Sergipe cultivava
uma area de 42.000 hectares, gerando mais de 270 milh&es de frutos, com produtividade média
de 6,64 mil frutos por hectare (Martins e Jesus Junior, 2011).

A sustentabilidade do setor depende de a¢bes como a producdo de produtos de coco de
alto valor agregado, o estabelecimento de fazendas de sementes, o replantio de palmeiras senis,
0 manejo eficaz de artropodes fitofagos e doencas e a colaboracgdo entre industrias, agricultores
e governos. Além disso, é fundamental investir em pesquisas que desenvolvam tecnologias
inovadoras para impulsionar a produtividade e a competitividade do setor (Alouw e Wulandari,
2020).

2.5 Acaros fitofagos do coqueiro — C. nucifera

O coqueiro é hospedeiro de algumas espécies de acaros fitdfagos (Ferreira et al., 2002).
Entre as espécies que atacam os frutos destacam-se A. guerreronis (&caro-da-necrose),
Amrineus cocofolius Flechtmann (Acari: Eriophyidae) (4&caro da mancha anelar) e
Steneotarsonemus furcatus De Leon (Acari: Tarsonemidae) (&caro da mancha longitudinal). J&
entre as espécies que afetam as folhas, destacam-se Retracrus johnstoni Keifer (Acari:
Eriophyidae) (microacaro branco), Tetranychus mexicanus McGregor (Acari: Tetranychidae)
(&caro vermelho) e R. indica (acaro vermelho das palmeiras) (Ferreira et al., 2018).

As espécies mais importantes para o coqueiro no Brasil sdo o A. guerreronis,
principalmente na regido Nordeste, em funcdo de condicbes climaticas adequadas para o seu
desenvolvimento, e o R. indica, largamente distribuido no mundo, com ocorréncia no Brasil j&
registrada nos estados de Roraima, Amazonas, Ceard, Sergipe, Sdo Paulo e Mato Grosso
(Ferreira et al., 2002; Navia et al., 2013). Raoiella indica pode se espalhar rapidamente pelo
pais devido ao seu alto poder de dispersdo (Ferreira et al., 2002; Navia et al., 2013).

O acaro-da-necrose-do-coqueiro A. guerreronis é considerado o &caro fitofago mais
importante e abundante em coqueiros (Alfaia et al., 2023). Este organismo, como também o S.
furcatus, forma col6nias sob as bréacteas do perianto dos frutos, provocando necrose e
comprometendo tanto a qualidade quanto o valor comercial dos cocos (Alfaia et al., 2023;
Lawson-Balagbo et al., 2007).

O éacaro fitéfago A. cocofolius é considerado uma espécie que, aparentemente, ndo afeta
significativamente a produtividade do coqueiro, limitando-se a causar danos estéticos aos
frutos. Seu ataque ocorre proximo as margens distais das bracteas, afetando tanto frutos em
estagio inicial quanto em estagios mais avangados de desenvolvimento. Essa atividade resulta
na formacdo de necroses transversais nos frutos, sem, no entanto, atingir as bracteas (Navia et
al., 2005).

O R. johnstoni, no momento, apesar de causar danos visiveis, ndo aparenta comprometer
a produtividade da cultura (Moraes e Flechtmann, 2008). Tetranychus mexicanus forma teias
na superficie abaxial dos foliolos, onde se reproduz e se alimenta, extraindo o conteudo celular.
Sua atividade provoca clorose, opacidade e bronzeamento das folhas, comprometendo
diretamente a fotossintese. Esses danos podem reduzir a producdo de frutos ou retardar o
crescimento de plantas jovens (Ferreira et al., 2019).

O ataque de R. indica resulta no aparecimento de manchas cloroticas na superficie
adaxial dos foliolos, causadas pelas numerosas colonias do acaro localizadas
predominantemente na face abaxial. Esse ataque pode comprometer o desenvolvimento da
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planta e reduzir significativamente a produtividade do coqueiro (Pefia et al., 2012; Navia et al.,
2015; Teodoro et al., 2016).

O manejo de acaros fitofagos € realizado principalmente por meio da aplicacdo de
acaricidas convencionais, que apresentam diferentes modos de acdo (Leeuwen et al., 2014). No
entanto, a eficacia desses produtos pode variar e 0 desenvolvimento de resisténcia por parte dos
acaros € uma preocupacao significativa (Doker et al., 2020; Marcic, 2012). Para mitigar esse
risco, recomenda-se a alternéncia de acaricidas com distintos modos de acdo (Doker et al.,
2020; Marcic, 2012).

2.6 Acaro-da-necrose-do-coqueiro A. guerreronis: desafios e alternativas bioldgicas

O A. guerreronis na fase adulta possui aproximadamente 255 um de comprimento
(Negloh et al., 2011). Seu corpo apresenta uma coloragdo branco-leitosa ou levemente
amarelada, com um brilho caracteristico, e é vermiforme, contando apenas com dois pares de
pernas (Moore e Howard, 1996). No Brasil, o acaro foi inicialmente registrado em 1965 no
estado do Rio de Janeiro, sendo associado a queda prematura dos frutos (Navia et al., 2007).

O A. guerreronis causa elevadas perdas na produtividade de coqueiros no Brasil (Navia
etal., 2013; Rezende, 2014; Teodoro et al., 2018). Coldnias desse &caro se desenvolvem abaixo
das brécteas dos frutos novos (Moraes e Flechtmann, 2008; Ferreira, 2009; Teodoro et al.,
2018). Os sintomas observados nos frutos séo cloroses triangulares que evoluem para necroses,
deformacéo, redugdo do tamanho, diminuicdo do peso e volume de agua. Ainda ocorre queda
prematura dos frutos, gerando perdas na produtividade (Moore e Howard, 1996).

O valor comercial dos frutos para o comércio in natura é reduzido em funcdo do dano
estético (Ferreira, 2009; Rezende, 2014; Teodoro et al., 2014; Teodoro et al., 2018). O controle
desse acaro € realizado principalmente com pulverizacGes de acaricidas sintéticos. No entanto,
0 uso inadequado vem causando efeitos adversos ao meio ambiente, selecionando populacdes
resistentes de artropodes fitéfagos, diminuindo a eficiéncia do controle biolégico natural e ainda
aumentando os custos de producdo (Desneux, Decourtye e Delpuech, 2007; Geiger et al., 2011;
Guedes et al., 2016).

Assim, diversos estudos tém sido conduzidos para controlar o A. guerreronis, incluindo
0 uso de acaricidas de contato e sisttmicos. No entanto, a eficacia do controle pode ser
comprometida devido a forma de aplicacdo dos produtos, ao mecanismo de acdo dos mesmos
e ao comportamento do &caro fitofago. Especificamente, a protecdo proporcionada pelas
bracteas dificulta a acdo dos acaricidas de contato (Mariau e Julia, 1970).

Embora os acaricidas sisttmicos mostrem-se eficazes, sua aplicacdo pode resultar na
presenca de residuos nos frutos, especialmente considerando que a cultura do coqueiro possui
frutos em diferentes estagios de desenvolvimento e colheitas frequentes. Isso aumenta a
probabilidade de contaminacdo de cocos comercializados, tanto na agua quanto no albumen
solido (Mariau e Julia, 1970). Além disso, o0 uso de produtos quimicos, sejam sistémicos ou de
contato, pode impactar negativamente os inimigos naturais e contribuir para o desenvolvimento
de resisténcia nos acaros fitéfagos (Freitas et al., 2006).

Como alternativa ao controle quimico, métodos de controle bioldgico tém sido
explorados como opgdes viaveis e sustentaveis. Acaros predadores, como Neoseiulus
paspalivorus Hughes (Acari: Phytoseiidae) e Proctolaelaps bickleyi Bram (Acari:
Melicharidae), destacam-se como inimigos naturais promissores no manejo de A. guerreronis
(Lawson-Balagbo et al., 2007).

Diante das limitacbes do controle quimico no combate ao A. guerreronis, novas
abordagens estdo sendo exploradas para mitigar seu ataque e reduzir os danos a produtividade
da cultura. Entre essas alternativas, destaca-se o uso de inimigos naturais como acaros
predadores, que visam promover o controle natural desse acaro fit6fago.

2.7 Acaro-vermelho-das-palmeiras R. indica: uma ameaca invasora as plantacbes de
coqueiros
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O éacaro-vermelho-das-palmeiras, R. indica, € um &caro fitéfago invasor originario do
Velho Mundo, mais especificamente da Asia e Africa (Melo et al., 2018). Adultos de R. indica
possuem entre 0,25 e 0,32 mm de comprimento (Balza, Vasquez e Varela, 2015). Essa espécie
forma col6nias compostas por todos os estagios de desenvolvimento, habitando principalmente
a face abaxial das folhas, com maior concentracdo nas folhas mais velhas (Balza, Vasquez e
Varela, 2015).

Considerado uma séria ameaga as plantacfes de cogueiros e palmeiras ornamentais, R.
indica pode alcancar densidades populacionais elevadas, causando danos expressivos a
palmeiras (Arecaceae) (Rodrigues et al., 2007; Carrillo e Pefia, 2011; Melo et al., 2018). Sua
alta capacidade de dispersdo é notavel, tendo se expandido por 13 paises das Américas em
apenas seis anos (2004-2010), a uma média de 100 km por ano (Mesa et al., 2009; Kane et al.,
2012). Essa dispersdo pode ser atribuida ao transporte de mudas infestadas, frequentemente
relacionadas ao comercio de plantas ornamentais ou a acao do vento (Welbourn, 2006).

No Brasil, R. indica foi detectada inicialmente em areas urbanas de Boa Vista, Roraima,
em coqueiros e bananeiras (Navia et al., 2011) e, posteriormente, em Manaus, Amazonas
(Rodrigues e Antony, 2011). A partir de 2016, expandiu-se para outras regides, sendo registrada
no Ceara e em mais sete estados do Nordeste (Alagoas, Bahia, Paraiba, Pernambuco, Rio
Grande do Norte, Sergipe e Piaui) (Hata et al., 2017). No mesmo periodo, foi identificada no
Centro-Oeste (Distrito Federal e Goias), no Sudeste (Minas Gerais) e no Sul (Parana, Santa
Catarina e Rio Grande do Sul) (Oliveira et al., 2016; Barroso et al., 2019). Essa ampla e rapida
disseminacdo reflete as condicdes favoraveis encontradas no pais, como clima ideal e
abundancia de hospedeiros (Amaro e Morais, 2013).

Além das Aracaceas, R. indica ataca espécies das familias Cannaceae, Heliconiaceae,
Musaceae, Strelitziaceae e Zingiberaceae (Carrillo et al., 2012; Melo et al., 2018). Em
coqueiros, a infestacdo provoca manchas cloroticas na superficie superior dos foliolos, devido
a atividade das colénias na face inferior, resultando em prejuizos significativos a produtividade
(Pefia et al., 2012; Navia et al., 2015; Teodoro et al., 2016). As densidades populacionais
observadas em Roraima sdo comparaveis as de paises onde os impactos econdmicos sdo
severos, evidenciando o potencial desse artropode fitofago para causar danos econdmicos e
ecoldgicos no Brasil (Gondim et al., 2012).

Atualmente, ndo ha acaricidas quimicos sintéticos oficialmente registrados no Brasil
especificamente para o controle de R. indica. Com isso, o controle desse &caro fitéfago no pais
tem sido realizado principalmente com acaricidas sintéticos ndo registrados oficialmente, o que
apresenta desafios relacionados a resisténcia do acaro e impactos negativos sobre 0s inimigos
naturais (Desneux et al., 2007; Geiger et al., 2010; Mapa, 2025). No entanto, estudos
laboratoriais indicam que acaricidas quimicos, como abamectina, clorfenapir e fenpiroximato,
podem ser eficazes no controle de R. indica (Santos et al., 2020). A abamectina, por exemplo,
demonstrou alta eficacia nas primeiras horas ap6s a aplicagdo, com uma mortalidade acumulada
de 85,42% apds 72 horas (Santos et al., 2020).

Em julho de 2021, o Ministério da Agricultura, Pecuaria e Abastecimento (Mapa)
registrou o produto bioldgico Neoseiulus barkeri Hughes (Acari: Phytoseiidae), um &caro
predador que atua especificamente contra R. indica. Este é o primeiro produto biologico
registrado no pais para o controle dessa praga (Brasil, 2021).

Diante disso, é crucial investir em estratégias de manejo sustentaveis, com énfase no
controle biolégico, que pode oferecer uma alternativa eficaz e ambientalmente segura. A
integracdo de inimigos naturais no manejo desse artropode fitdfago representa um caminho
promissor para reduzir os prejuizos econdémicos e preservar os ecossistemas afetados.

2.8 Variedades de coqueiro — C. nucifera

A familia Arecaceae, comumente conhecida como a familia das palmeiras, destaca-se
por sua ampla distribui¢do geogréfica e relevancia econémica (Rivas et al., 2012). Composta
por aproximadamente 3.000 espécies, cerca de 390 sdo encontradas no Brasil, abrangendo todos
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0S ecossistemas, com maior representatividade na Floresta Amazonica e na Mata Atlantica
(Souza e Lima, 2019).

O coqueiro possui duas principais variedades: C. nucifera var. typica, conhecida como
"gigante", e C. nucifera var. nana, chamada "and". Além dessas, existem hibridos que resultam
do cruzamento entre essas duas variedades (Azevedo et al., 2018). A variedade and é precoce,
com inicio da producdo de frutos entre 3 e 4 anos apos o plantio, enquanto a variedade gigante
comeca a produzir frutos somente entre 6 e 10 anos apés o plantio (Azevedo et al., 2018). Os
frutos da variedade and, apesar de menores, possuem agua mais doce, sendo a escolha preferida
quando o foco é a producdo de agua de coco. Ja os frutos da variedade gigante, devido ao seu
tamanho maior e caracteristicas especificas, sdo mais utilizados na producéo de 6leo de coco e
em diferentes setores da industria alimenticia (Angeles et al., 2018).

A variedade and possui trés subvariedades principais: vermelho, amarelo e verde. Entre
elas, a subvariedade verde se destaca como a mais adequada para a producéo de agua de coco,
devido a sua maior aceitacdo pelos consumidores quanto ao sabor. Além de ser preferida pelos
produtores por sua alta produtividade, precocidade e porte reduzido, que facilita a colheita
(Azevedo et al., 2018; Santos et al., 2020). O desenvolvimento de novos hibridos resultantes
do cruzamento entre coqueiro-ando e coqueiro-gigante tem o potencial de aumentar a
produtividade dos coqueirais. No entanto, é fundamental considerar a suscetibilidade desses
hibridos a fatores abioticos e bioticos, incluindo artrépodes fitéfagos e doencas, durante sua
avaliacdo e selecdo (Kumar e Kunhamu, 2022).

Os hibridos de coqueiro possuem dupla aptidao, sendo adequados tanto para a producéo
de agua de coco quanto de coco-seco. Esses hibridos intervarietais sdo considerados superiores
ao coqueiro-gigante devido a caracteristicas como sementes de germinacdo mais rapida,
crescimento mais lento, que resulta em plantas de menor porte, florescimento mais precoce,
maior uniformidade, maior nimero de frutos por planta, estabilidade na producdo e maior
produtividade. Além disso, a 4gua dos hibridos intervarietais é mais saborosa, tornando sua
producdo mais rentavel (Santos et al., 2020).

A pesquisa e o desenvolvimento de hibridos intervarietais, aliados & consideracdo de
fatores bidticos e abioticos, sdo estratégias essenciais para aumentar a produtividade e a
sustentabilidade do cultivo (Dissanayaka et al., 2023; Nair et al., 2019). Assim, o coqueiro
continua a desempenhar um papel fundamental na economia agricola, especialmente em paises
tropicais, reafirmando sua relevancia como uma cultura estratégica no contexto global.

E importante ressaltar que a resisténcia de plantas constitui um dos pilares do manejo
integrado de artrépodes fitdfagos, ao impedir que suas populagdes atinjam niveis de dano
econémico. Além de atuar de forma continua contra artropodes fitofagos, apresenta a vantagem
de ndo envolver toxicidade. Nesse contexto, a composicao genotipica das variedades resistentes
determina sua menor suscetibilidade aos ataques de artropodes fitofagos em comparacdo as
cultivares suscetiveis (Vendramim e Guzzo, 2012).

No entanto, é importante destacar que diferentes hibridos de coqueiro podem apresentar
respostas distintas ao ataque de artropodes fitdfagos, o que torna essencial a realizacdo de
estudos aprofundados sobre a resisténcia e a suscetibilidade desses hibridos a esses organismos.
Estes estudos séo fundamentais para o aprimoramento das estratégias de manejo e para garantir
a producdo sustentavel nas culturas de coqueiro.

2.9 Resisténcia genética de plantas a artropodes fitofagos

Resisténcia genética de plantas a artropodes fitéfagos refere-se a sua capacidade de
resistir ou tolerar o ataque desses organismos por meio de caracteristicas genéticas especificas
(Smith e Clement, 2011). Essa resisténcia é mediada por proteinas de autodefesa e compostos
aleloguimicos produzidos de forma constitutiva ou induzida pelo ataque dos artrépodes, sendo
sintetizados por genes de resisténcia (Smith e Clement, 2011).

A resisténcia genética de plantas a artropodes herbivoros pode ser classificada em trés
categorias principais: antibiose, antixenose (ou ndo-preferéncia) e tolerancia. Em antibiose,
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caracteristicas da planta afetam negativamente a biologia do herbivoro (por exemplo, matando-
0 ou reduzindo sua fecundidade) (Peterson et al., 2017). Em antixenose, a planta possui
atributos (quimicos ou fisicos) que afastam ou desorientam o inseto, tornando-o0 menos atrativo
para alimentagdo ou oviposigdo (Peterson et al., 2017). Em tolerancia, a planta compensa o
dano causado pelo herbivoro (mantendo crescimento e rendimento mesmo sob ataque), sem
necessariamente afetar o inseto (Peterson et al., 2017). Assim, plantas tolerantes suportam a
infestacdo produzindo colheitas aceitaveis, embora herbivoros possam sobreviver (diferenca de
“processo nao reciproco” relatada por Smith (2005) e Peterson et al. (2017)). Esses mecanismos
envolvem componentes moleculares, fisiologicos e estruturais diversos (metabolitos
secundarios, espessura de cuticula, tricomas, etc.), frequentemente poligénicos (Peterson et al.,
2017). Em resumo, a antibiose reduz diretamente o herbivoro, a antixenose reduz sua incidéncia
na planta, e a tolerancia permite que a planta compense o dano causado (Smith et al., 2005;
Kogan e Ortman, 1978; Peterson et al., 2017).

No coqueiro, os principais &caros fitéfagos sdo o acaro-da-necrose-do-coqueiro (A.
guerreronis) e o acaro-vermelho-das-palmeiras (R. indica), e a literatura destaca esforcos para
identificar cultivares resistentes. Arumugam et al. (2022) referem-se a A. guerreronis como
praga devastadora de frutos de coqueiro e enfatizam que o controle quimico é ineficaz e
insustentavel, sendo necessario desenvolver variedades/tolerancia genética ao acaro. Shalini et
al. (2007) demonstraram que o plantio de cultivares de coco resistentes é a estratégia mais eficaz
para prevenir perdas causadas por A. guerreronis. Nesse estudo, genotipos de coqueiro
resistentes e suscetiveis foram analisados por marcadores SSR e RAPD, identificando loci
associados a resisténcia ao &caro. Tais marcadores permitem detectar precocemente plantas
resistentes em programas de melhoramento (Shalini et al., 2007).

Em relacdo a R. indica, Leite et al. (2024) avaliaram seis cultivares andes de coqueiro e
confirmaram que esse acaro é uma importante praga do coqueiro. Nos testes de escolha livre e
confinamento, o cultivar ‘Brazilian Green Dwarf-Jiqui’ (BGDJ) mostrou o pior desempenho de
R. indica (menos alimentacdo e oviposicao), indicando resisténcia combinada por antibiose e
antixenose. O cultivar ‘Cameroon Red Dwarf” (CRD) apresentou resisténcia principalmente
por antixenose (foi menos preferido). Em contraste, cultivares como Malayan Red Dwarf
(MRD) e Brazilian Red Dwarf-Gramame (BRDG) foram mais suscetiveis. Assim, BGDJ foi
considerado a fonte de resisténcia mais promissora a R. indica e CRD como fonte de resisténcia
antixendtica. Esses achados indicam que existe variabilidade genética de resisténcia ao &caro-
vermelho entre cultivares de coco (Leite et al., 2024), oferecendo bases para programas de
selecao.
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4. ARTICLE 1
Stage preference and life table of Lasioseius barbensiensis (Acari: Blattisociidae) feeding
on Tyrophagus putrescentiae (Acari: Acaridae)

Artigo formatado de acordo com as normas do periodico Experimental and Applied
Acarology

Abstract

Lasioseius barbensiensis Faraji and Kang (Acari: Blattisociidae) is a promising candidate for
the biological control of pest arthropods, yet little is known on its biological performance and
rearing requirements on factious prey. In this article, we aimed to determine the feeding
preference, reproductive capacity, and life table of L. barbensiensis on developmental stages of
the mold mite Tyrophagus putrescentiae Schrank (Acari: Acaridae). Choice and no-choice
assays were conducted to assess factious prey developmental stage and the resulting effects on
its oviposition and egg viability. A life table study was further conducted to characterize the
demographic parameters of this predator on the factious prey. The results revealed that the
predator L. barbensiensis had a marked preference for eggs and larvae of T. putrescentiae,
which supported significantly higher oviposition rates compared to nymphs and adults. Feeding
on adult prey negatively affected egg viability. The life table analysis indicated a short
developmental time (mean pre-adult duration: 8.5 days), high fecundity (32.38 eggs/female),
and favorable demographic indices (rm = 0.1757; Ro = 21.29; A = 1.1921), with oviposition
concentrated between days 10 and 30. These findings demonstrate the suitability of T.
putrescentiae immatures as a food source for mass rearing of L. barbensiensis.

Keywords: Acarology; Biological control agent; Demographic parameters; Mass rearing
techniques; Prey stage selection; Reproductive performance

4.1. Introduction

Mites of the genus Lasioseius (Acari: Blattisociidae) are found in a variety of habitats, including
associations with birds, phytophagous arthropods, mammals, plants, and edaphic environments
(Moraes et al. 2016; Moraza and Lindquist 2018). These mites feed on a variety of organisms,
such as phytophagous mites, small arthropods and nematodes, as well as fungi, pollen, or nectar
(Lindquist et al.2009). On plant leaves, their diet is predominantly composed of tetranychid and
eriophyid mites (Quiroz-lbafez et al 2016).

Lasioseius barbensiensis Faraji and Kang (Acari: Blattisociidae) was originally
described in an apple orchard in Barbens (Spain), where it was collected on Rosaceae trees
(Faraji and Karg 2006). In general, species of the genus Lasioseius occupy a wide variety of
microhabitats. They occur in decaying organic matter, forest litter and mosses, on the soil, in
nests of small mammals and birds, under tree bark, in basidiomycete mushrooms, tree hollows,
stored products, and even hay (Crozier 1989; Walter and Lindquist 1989). These environments
suggest that L. barbensiensis may inhabit plant debris and soils in agricultural and forest

ecosystems similar to those reported for the genus. Furthermore, in tropical environments
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associated with coconut plantations, blattisocids such as Lasioseius subterraneus were found
on coconut fruits infested by the coconut mite (Aceria guerreronis), especially on fallen
coconuts (Navia et al., 2013).

Mites of the genus Lasioseius frequently associate with host plants and their pests. For
example, studies in ornamental crops in the Philippines reported Lasioseius parberlesei
Bhattacharyya (Acari: Blattisociidae) on chrysanthemum leaves and Lasioseius. Pitimini De
Leon-Facundo & Corpuz-Raros (Acari: Blattisociidae) on rose leaves, both associated with
phytophagous mites. L. parberlesei was observed to feed effectively on the two-spotted leaf
spider mite (Tetranychus urticae Koch), and L. pitimini was collected together with the rust
mite (Brevipalpus sp.) and T. urticae on roses, suggesting a role in the natural control of these
pests (Leon-Facundo and Corpuz 2002).

In this context, advancing the knowledge on the biology of L. barbensiensis is necessary
to assess its potential use in biological control programs. Life table studies offer valuable
insights into demographic characteristics of predatory mites, such as development time,
survival rates, fecundity, and longevity, allowing the assessment of their efficiency as control
agents and on their performance on factious prey in mass-rearing production (Lawsin-Balagbo
et al., 2007; Navarro-Campos et al. 2016). The choice of an appropriate food source is a key
factor in this process.

The mold mite Tyrophagus putrescentiae Schrank (Acari: Acaridae) is a cosmopolitan
stored product mite that is considered a major pest in dry foods (Asgari et al., 2022), but is also
widely used as factitious prey in large-scale predatory mite rearing programs (Pirayeshfar et al.,
2020). For example, Asgari et al. (2022) separately evaluated the performance of Blattisocius
mali (Oudemans) (Acari: Blattisociidae) fed only eggs or only larvae of T. putrescentiae.
Marked differences were observed: T. putrescentiae larvae provided much superior nutrition
compared to eggs, significantly decreasing pre-oviposition time and increasing predator
fecundity. Eggs, although less nutritious, are consumed in greater numbers and can contribute
to maintaining the predator's environment in the initial stages of breeding (Asgari et al., 2022).

T. putrescentiae has been widely used as an alternative prey for maintaining predatory
mites under laboratory conditions (Chen et al., 2023; Yazdanpanah et al., 2022). Its ease of
cultivation and rapid development make it a highly suitable organism for controlled feeding
experiments. Species of the Tyrophagus genus exhibit a high reproductive rate and are easily
reared on low-cost substrates such as flour, making them an excellent food source for the large-
scale production of predatory mites (Navarro-Campos et al. 2016; Pekas et al. 2017). T.

putrescentiae could represent a viable alternative for the large-scale rearing of L. barbensiensis,
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enabling its future implementation in biological control programs for phytophagous mites
(Navarro-Campos et al. 2016; Pekas et al. 2017).
Therefore, this study aimed to determine the feeding preference, reproductive capacity,

and life table of L. barbensiensis on developmental stages of T. putrescentiae.

4.2. Materials and Methods

4.2.1. General procedures and mite rearing

All experiments were conducted in the Entomology laboratory of Embrapa Tabuleiros
Costeiros, located in Aracaju, state of Sergipe, Brazil, under controlled environmental
conditions of temperature (27 £ 3 °C), relative humidity (71 = 10%), and a photoperiod of 12
hours.

The rearing was initiated with adults of mold mite T. putrescentiae collected from fallen
coconut fruits in the city of Aracaju, state of Sergipe, Brazil. The rearing unit consisted of a
rectangular plastic container (12.5 length x 8.5 wide x 5 cm height), containing a rectangular
sponge (11 x 7 x3 cm ), saturated with distilled water. A black PVC plastic sheet (11 x 7 cm)
sat on the sponge and a strip of absorbent cotton was placed around the edges of the plastic
sheet to confine mites. A rectangular plastic lid containing an opening (9 cm x 6 cm) covered
with white voile fabric was used to prevent other arthropods from entering the rearing. A portion
of brewer's yeast powder was added as food for T. putrescentiae every 15 days.

Lasioseius barbensiensis was collected from recently-fallen coconut fruits in the
municipality of Nedpolis, state of Sergipe, Brazil. The rearing unit for the confinement of L.
barbensiensis was the same as that described above for T. putrescentiae. All life stages of T.
putrescentiae were offered as prey to L. barbensiensis every seven days.

The experimental units used in the experiments were similar to the rearing units but
circular in shape (7 cm diameter X 5 cm height) and containing a circular sponge soaked in
distilled water (5 x 1 cm). A black PVC plastic disc (4 cm diameter) sat on the sponge. A strip
of absorbent cotton was placed around the edges of the disc to confine mites and a lid containing
a square opening (2 x 2 cm) covered with white voile fabric prevented other arthropods from
entering the unit.

For all the experiments, the 1-3 days old larvae, 6-8 days old nymphs, and 10 - 12 days
old adults of T. putrecentiae used were obtained from eggs collected from the stock colony.
Adults of L. barbensiensis were between 12 - 16 days old, at their reproductive peak. Adult

females of L. barbensiensis were starved for 4 hours before experiments.
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4.2.2. No-choice preference

One L. barbensiensis female was transferred to each experimental unit containing 20 T.
putrescentiae items: eggs (1), —larvae (2), —nymphs (3), or adults (4). The experiment was
evaluated at 24 and 48 hours by recording the number of T. putrescentiae consumed. The
number of prey was replaced after 24 hours and thirty replicates were conducted for each

treatment.

4.2.3. Choice preference

One L. barbensiensis female was given a choice between 20 T. putrecentiae items: eggs and
larvae (1), eggs and nymphs (2), eggs and adults (3), larvae and nymphs (4), larvae and adults
(5), and nymphs and adults (6). The experiments were evaluated after 24 hours by recording

the number of T. putrescentiae consumed. Thirty replicates were conducted for each treatment.

4.2.4. Total production and viability of Lasioseius barbensiensis eggs in relation to prey
stage

One L. barbensiensis female was transferred to experimental units containing eggs (1), larvae
(2), nymphs (3), and adults (4) of T. putrescentiae provided ad libitum. The experiment was
evaluated every day for 5 days by recording the number of eggs laid by L. barbensiensis. The
eggs were monitored until hatching for viability. Thirty replicates were conducted for each

treatment.

4.2.5. Life table of L. barbensiensis on T. putrescentiae
The life table of L. barbensiensis fed ad libitum on a mixed diet comprising all developmental
stages of T. putrescentiae was assessed. Initially, a breeding unit containing both female L.
barbensiensis was established. After a seven-hour period, eggs deposited by the females were
collected and individually placed in the experimental units, ensuring eggs of similar age. The
embryonic period was assessed through observations conducted twice a day (07:00 and 17:00)
using a stereomicroscope to determine the viability and duration of egg stage (Rego et al.,
2012). For the evaluation of post-embryonic periods, newly-hatched larvae were monitored
with the same frequency until they reached adulthood. Adult mites were evaluated once a day
at 17:00. Females were paired with a male from the stock colony.

The number of eggs produced was recorded daily until the death of the females; the sex
ratio of the offspring was also determined. The longevity of the males was monitored daily until
their death (Rego et al., 2012; Huang and Chi, 2013).
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4.2.6. Statistical analyses

The data from all the experiments were submitted to the Shapiro-Wilk (p > 0.05) and Brown-
Forsythe (p > 0.05) tests to verify the normality and the homogeneity of the variance,
respectively. As the data on daily consumption of the no-choice preference did not meet the
assumptions of the analysis of variance, they were subjected to Kruskal-Wallis non-parametric
analysis of variance (p < 0.05), followed by Dunn's test (p < 0.05). Data from the choice
preference were submitted to parametric paired t-test (p < 0.05) or to the nonparametric Mann-
Whitney test (p < 0.05).

The data on daily oviposition and egg viability of L. barbensiensis feeding on stages of
T. putrescentiae and on daily consumption and preference of the adults of the predator to adults
of T. putrescentiae were analyzed using non-parametric variance analysis (p < 0.05).

The raw life history data were analyzed using the TWOSEX-MSChart program, based
on the age-stage, two-sex life table theory (Chi, 1988; Chi and Liu, 1985). This methodology
accounts for variable developmental rates among individuals and both sexes, allowing accurate
estimation of population growth parameters. The bootstrap technique with 100,000 resamplings
was applied to estimate the mean values, standard errors, and 95% confidence intervals for
developmental time, adult longevity, total fecundity (F), gross reproductive rate (GRR), net
reproductive rate (Ro), intrinsic rate of increase (rm), finite rate of increase (A), and mean
generation time (T). Differences among treatments were compared using the paired bootstrap

test.

4.3. Results

When not given a choice, L. barbensiensis consumed significantly more eggs and larvae
compared to nymphs and adults of T. putrescentiae (Figure 1). Among the later stages, nymphs
were preferred over adults, though both were consumed at lower rates. When given a choice,
the predator consumed more eggs and larvae equally over nymphs and adults; nymphs were
preferred over adults (Figure 2).

The predator L. barbensiensis produced the highest total number of eggs when fed on
eggs and larvae of T. putrescentiae in contrast to lower egg production on nymphs or adults of
the factious prey. Predator egg production on eggs of the prey was also significantly higher than
on nymphs. No significant difference was observed between larvae and nymphs, but egg laying
was consistently lowest when feeding on adults (Figure 3). Egg viability of the predator was
higher on eggs, larvae, or nymphs of the prey than on adults (Figure 3).
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The immature developmental duration for immature stages showed low variability: egg
stage (2.69 = 0.06 days), larval stage (1.79 days), protonymph (2.21 days), and deutonymph
(1.81 days). The complete immature period averaged 8.50 days. Adult longevity was notably
longer (32.69 days) (Table 1).

Age-specific survival (Iy) showed high survivorship during the egg stage, with a marked
decline through larval and nymphal stages, indicating elevated immature mortality (Figure 4).
Adult emergence began around day 8, with a female-biased sex ratio (~67%). Female survival
remained stable until day 39, followed by a sharp drop. Males exhibited greater longevity, but
represented a smaller proportion of the population.

Age-specific fecundity (my) revealed the onset of reproduction at approximately day 10,
peaking between days 12 and 14 at a maximum of 1.7 eggs per female per day (Figure 5).
Fecundity gradually declined and ceased by day 45. Net reproductive rate (lumy) followed a
similar trend, with peak values aligning with periods of high fecundity and survivorship. The
intrinsic rate of increase (rm) was 0,176, and the finite rate of increase (A) was 1.192, indicating
strong reproductive potential. The net reproductive rate (Ro) was 21.29, and the gross
reproductive rate (GRR) was 23.84. Mean generation time (T) was 17.38 days. Average female

fecundity reached 32.38 eggs, and the proportion of females was 65.75% (Table 2).

4.4. Discussion

The combination of preference bioassays (with and without choice) and demographic analysis
(reproductive parameters and life table) of the predatory mite L. barbensiensis fed on different
stages of T. putrescentiae is essential for identifying which prey stages promote the best
reproductive performance of the predator—information that is critical for developing efficient
mass-rearing protocols (Asgari et al., 2022; Yazdanpanah et al., 2022). In preference tests,
different stages of the prey mite are offered simultaneously or separately, revealing which ones
are preferentially consumed (Yazdanpanah et al., 2022). The development, survival, and
fertility parameters provide population metrics such as the intrinsic rate of population increase
and the net reproductive rate that quantify the biological potential of the predator on each diet
(Asgari et al., 2022). Taken together, these analyses guide the selection of the most suitable T.
putrescentiae stages to feed L. barbensiensis on a large scale.

Our results indicate that L. barbensiensis showed a clear preference for eggs and larvae
over nymphs and adults of the factious prey T. putrescentiae. This is consistent with the
findings of Sheeja and Ramani (2009) that Lasioseius sp. feeds on all life stages of Raoiella
indica Hirst (Acari: Tenuipalpidae), but shows a preference for eggs, followed by larvae and

protonymphs. These early stages are generally more vulnerable and easier to attack (Sheeja and
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Ramani 2009). Predatory mites of the family Phytoseiidae also generally exhibit higher
predation rates on eggs and larvae compared to older developmental stages of their prey. For
instance, Carrillo and Pefia (2012) found that the predatory mite Amblyseius largoensis Muma
(Acari: Phytoseiidae) exhibited a significant preference for the eggs of R. indica over the
remaining stages. The preference for nymphs over adults may be related to the fact that
immature prey generally offers a higher energy return with lower risk for the predator, being
easier to subdue and consume (Park et al. 2021). However, this preference is not universal
among predatory mites. Some species, such as Gaeolaelaps aculeifer Canestrini (Acari:
Laelapidae) Stratiolaelaps scimitus Womersley (Acari: Laelapidae), did not show clear
discrimination between different developmental stages of their prey (Park et al. 2021).

The feeding preference reported above matched reproduction as L. barbensiensis laid
more eggs when fed on T. putrescentiae eggs and larvae suggesting that feeding on smaller,
less mobile prey may be more energy-efficient. Therefore, our results align with the optimal
foraging theory, which posits that predators prefer to feed on prey that offer a higher energetic
return with lower risk (Louzao et al. 2014; Beumer et al. 2020). Moreover, the reduced egg
production and viability of L. barbensiensis fed on T. putrescentiae adults, but not on its
immature stages, is possibly related to the superior nutritional quality of early developmental
stages. Similarly, the predatory mite Amblyseius andersoni Chant (Acari: Phytoseiidae)
produced 33-50% fewer offspring when fed on adult females of Mononychellus occidentalis
McGregor (Acari: Tetranychidae) versus immature mites (Croft and Croft 1996), indicating a
lower conversion of energy from adult prey to reproduction.

The demographic parameters of L. barbensiensis fed on T. putrescentiae eggs
demonstrated robust reproductive performance, with an intrinsic rate of population increase
(rm) of 0.1760, a net reproductive rate (Ro) of 21.29, and a mean fecundity of 32.38 eggs per
female. In comparison, B. mali exhibited higher rm (0.316 day') and fecundity (22.5
eggs/female) values when fed mixed stages of T. putrescentiae, suggesting greater biological
efficiency (Jena et al., 2024). Similar results were reported for Lasioseius japonicus Ehara
(Acari: Blattisociidae), whose intrinsic rate of increase (rm = 0.341 day!) peaked at 31 °C, but
dropped sharply at 34 °C, accompanied by significant reductions in fecundity and longevity
(Zhang et al., 2022).

Although L. barbensiensis was evaluated only at 25 °C, its Ro (21.29) and fecundity
(32.39 eggs/female) were comparable to those observed for L. japonicus at higher thermal
ranges, with the added advantage of maintaining stable performance under constant

temperature. This thermal stability is particularly relevant given the strong temperature
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dependence reported for L. japonicus, which could limit its practical application in more
variable field conditions (Zhang et al., 2022).

The proportion of females (65.71%) observed in L. barbensiensis supports population
growth and falls within the expected range for predatory mites. For L. japonicus, sex ratio varied
with temperature, with the highest proportion of females (85%) also observed at 25 °C—
coinciding with the conditions of the present study (Zhang et al. 2022). Lastly, the reproductive
window of L. barbensiensis was clearly concentrated between days 10 and 30, and its age-
specific fecundity curve (Iymy) was tightly synchronized with peak fecundity. This temporal
alignment reinforces the potential of the species for optimized laboratory production,
facilitating rearing management strategies.

Overall, L. barbensiensis proves to be competitive when compared to other blattisociids
and phytoseiids already studied, offering robust performance, stability when reared on live prey,
and favorable demographic parameters—Kkey attributes for its potential application as a
biological control agent. The results shown in this study are pioneering within the context of
the Blattisociidae family, a group still largely unexplored in terms of ecology and biological
control perspectives. Future studies should assess the performance of L. barbensiensis against
various phytophagous prey species under semi-field and field conditions, as well as its
interactions with other natural enemies and agricultural practices, to support its incorporation

into applied biological control programs.
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Figure captions

Fig. 1. Daily consumption of eggs, larvae, nymphs, and adults of Tyrophagus putrescentiae by
females of the predatory mite Lasioseius barbensiensis over 48 h. The dashed lines inside the
boxplots represent means. The black circles represent the 5th and 95th percentiles, the error
lines the 10th and 90th percentiles, the ends of the boxplots the 25th and 75th percentiles, and
the medians the continuous lines within the boxplots. Same letters above boxplots do not differ
by Dunn's test at p < 0.05.

Fig. 2. Two-choice preference for the developmental stages of Tyrophagus putrescentiae by
females of the predatory mite Lasioseius. barbensiensis. Means (+ standard error) of the bars
and the statistics of paired t-test and Mann-Whitney test with the respective significances (p <
0.05) are presented.

Fig. 3. Daily egg laying and egg viability (%) of the predatory mite Lasioseius barbensiensis
fed ad libitum on the egg, larval, nymph, and adult stages of Tyrophagus putrescentiae for five
days. The dashed lines inside the boxplots represent the means. The black circles represent the
5th and 95th percentiles, the error lines the 10th and 90th percentiles, and the ends of the
boxplots the 25th and 75th percentiles. Medians are the continuous lines within the boxplots.
Same letters above the boxplots do not differ by Dunn's test at p < 0.05.

Fig. 4. Age-specific survival curves (Iy) of the different life stages of Lasioseius barbensiensis
fed ad libitum on all developmental stages of Tyrophagus putrescentiae.

Fig. 5. Age-specific survival (1), age-specific fecundity (my), and net reproductive contribution
(Ismy) curves of Lasioseius barbensiensis (fed ad libitum on all developmental stages of
Tyrophagus putrescentiae).

Table 1. Developmental duration (days) of Lasioseus barbensiensis developmental stages fed
ad libitum on all stages of Tyrophagus putrescentiae, estimated by bootstrap resampling (B =
100,000).

Table 2. Bootstrap analysis of population parameters of Lasioseius barbensiensis Two-Sex
Mating Conditions (B = 100,000 re-samplings)
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Stage Original B Boot. Boot. Variance S.E.
mean max min
Egg 2,69 100000 2,91 2,41 0,0031 0,06
Larva 1,79 100000 1,99 1,51 0,0028 0,05
Protonymph 2,21 100000 2,46 2,03 0,0024 0,05
Deutonymph 1,81 100000 2,04 1,56 0,0034 0,06
Adult 32,69 100000 36,14 29,53 0,6304 0,79
Immature 8,5 100000 9,06 8,04 0,02 0,12

Table 1
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Parameter Original Original B Boot. Boot. Boot.  Variance S.E.
n max mean min
m 0.176001 70 100000 0.200569 0.175728 0.136044 0.000046 0.0068

lambda 1.19244 70 100000 1.222098 1.192141 1.145732 0.000066 0.008102
RO 21.28571 70 100000 30.3 21.29137 11.98571 4.65423 2.15737

T 17.375 70 100000  18.57 17.379 16.433 0.06 0.245
GRR 23.83 70 100000  34.65 23.84 12.85 6.84 2.615

F 32.39 46 100000  40.43 32.38 24.14 3.01 1.734
Nf/N 0.6571 70 100000 0.8857 0.6575 0.3857 0.0032 0.0566
Longevity 41.19 70 100000 44.714 41.18 38.04 0.62 0.787

This table presents the results of the bootstrap analysis for key population parameters of T.
putrecentiae, including the intrinsic rate (rm), finite rate (1), net reproduction rate (Ro), mean
generation time (T), gross reproduction rate (GRR), mean fecundity per female adult (F), the
proportion of female adults (Nf/N), and longevity. The "Original™ row corresponds to the
population parameters calculated using all individuals in the cohort. The "Boot. max™ and
"Boot. min" values represent the maximum and minimum values observed in the 100,000
bootstrap samples, respectively. The "Boot. mean™ row provides the mean value obtained from
the bootstrap procedure, which is typically close to the original value for normal distributions.
Variance and Standard Error (S.E.) represent the spread and precision of the bootstrap samples,
respectively.

Table 2
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5. Article 2
Potential of Lasioseius barbensiensis (Acari: Blattisociidae) in the control of two coconut
pest mites

Article formatado de acordo com as normas do periddico a definir

Abstract

The predatory mite Lasioseius barbensiensis Faraji and Kang (Acari: Blattisociidae) is a
potential yet understudied candidate for biological control. In this article, we present a first
evaluation of its predatory capacity against two key coconut phytophagous mites, Aceria
guerreronis Keifer (Acari: Eriophyidae) and Raoiella indica Hirst (Acari: Tenuipalpidae).
Choice and non-choice experiments were conducted to assess the feeding preference and
predatory activity of L. barbensiensis on A. guerreronis and R. indica. When not given a choice,
L. barbensiensis females consumed significantly more A. guerreronis adults and R. indica eggs
than R. indica adults. On choice tests, L. barbensiensis consumption rates were similar between
R. indica eggs and A. guerreronis adults, while R. indica adults were significantly less preyed
upon. These findings demonstrate that L. barbensiensis can consume A. guerreronis and R.
indica, showing a feeding preference for eggs or smaller prey. The study presents novel
evidence of the predatory potential of a Blattisociidae species and its potential as a biological
control agent of coconut pest mites.

Keywords: Aceria guerreronis; Biological control; Choice and non-choice tests; Feeding
preference; Predatory mite; Raoiella indica.

5.1. Introduction

Blattisociidae mites can be found in diverse habitats, including associations with birds,
insects, mammals, plants, and built environments (Moraza and Lindquist 2018). These mites
feed on a variety of organisms, such as phytophagous mites, small arthropods and nematodes,
as well as fungi, pollen, or nectar (Lindquist et al., 2009; Moraes and Flechtmann, 2008). For
example, the blattisociid mites feed on springtails and mites such as Tyrophagus and
Tarsonemus genus (Quiroz-lbafiez et al., 2016). On leaves, their diet is predominantly

composed of tetranychid and eriophyid mites (Quiroz-1bafiez et al., 2016).

The genus Lasioseius (Acari: Blattisociidae) has demonstrated significant potential in
the biological control of phytophagous arthropods. Species such as Lasioseius japonicus Ehara
(Acari: Blattisociidae) prey on eggs of various insects and mites, including Drosophila
melanogaster Meigen (Diptera: Drosophilidae), Sitotroga cerealella Olivier (Lepidoptera:
Gelechiidae), and larvae of Bradysia cellarum Linnaeus (Diptera: Sciaridae) (Tan et al., 2022).
However, the use of Lasioseius as a biological control agent remains virtually unexplored
compared to predatory mites of the family, such as Phytoseiidae (Moraes et al., 2015; Vasquez
et al., 2023).
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Lasioseius barbensiensis Faraji and Kang (Acari: Blattisociidae) has not been
investigated yet for its potential as a biological control agent, despite the growing interest in
species of this genus. Nevertheless, certain species have shown efficacy in controlling
phytophagous arthropods both in soil and storage environments (Moraes et al., 2015). For
example, Lasioseius floridensis Berlese (Acari: Blattisociidae) has been evaluated as a predator
of Polyphagotarsonemus latus Banks (Acari: Tarsonemidae). However, its predatory
performance varied under different environmental conditions (Britto et al., 2012; Barros et al.,
2022), highlighting the variability in predatory efficiency among Lasioseius species.
Furthermore, L. japonicus stands out for its ability to prey not only on insect eggs but also on
phytophagous mites, reinforcing its potential for agricultural biological control programs (Tan
et al., 2022). Several studies emphasize the predatory capacity of Lasioseius spp. against
phytophagous mites of the family Tarsonemidae, a group of significant agricultural relevance
(Moraes et al., 2015; Britto et al., 2012).

Lasioseius lindquisti Tseng (Acari: Blattisociidae), in particular, demonstrated high
predatory efficiency against the eriophyid mite Aceria dioscoridis Soliman and Abou-Awad
(Acari: Eriophyidae), exhibiting rapid development, high fecundity, and elevated survival rates,
characteristics that indicate its strong potential as a biological control agent of phytophagous
mites (Momen et al., 2011). Some species of Lasioseius have been found associated with Aceria
guerreronis (Acari: Eriophyidae) on coconut fruits in the state of S&o Paulo, Brazil (Oliveira,
Moraes & Dias, 2012), and in Tanzania (Negloh et al., 2011). Similarly, Lasioseius sp. and
Lasioseius helvetius were collected on coconut leaves and fruits associated with Raoiella indica
(Acari: Tenuipalpidae) in the Amazon region (Cruz et al., 2015). However, the ecological role
and predatory potential of these species are still poorly understood and require further
investigation. The coconut mite A. guerreronis is considered a key pest of coconut palms and
lives under the perianth of the fruit, making its control a significant challenge (Lawson-Balagbo
et al., 2008). The damage caused by this mite includes triangular chlorosis that evolves into
necrosis, deformation, reduction in size, and decreased water weight and volume of the fruits
(Navia et al., 2012). Premature fruit drop is also observed, leading to yield losses and a
reduction in the commercial value of the fruits for the fresh market due to aesthetic
imperfections (Alfaia et al., 2023; Reis et al., 2008). Another important phytophagous mite in
coconut crops, R. indica, affects the leaves, causing chlorosis and tissue necrosis, resulting in

yield losses (Contreras-Bermudez et al., 2017; Pefia et al., 2012).

Therefore, this study aims to evaluate the potential of L. barbensiensis as a biological

control agent for A. guerreronis and R. indica, providing information that could contribute to
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the development of more sustainable strategies for managing phytophagous arthropods.
(Carrillo et al., 2012).

5.2. Materials and Methods
5.2.1. General procedures and rearing of L. barbensiensis

All experiments were conducted at Embrapa Tabuleiros Costeiros, in the city of Aracaju,
Sergipe, Brazil (10°56"22"S, 37°02'52"W; 90 m of altitude), under controlled conditions (27 £
3 °C temperature, 71 + 10% relative humidity, and 12:12 LD). For all experiments, we used
adult females of L. barbensiensis between 12 - 16 days old, at their reproductive peak. Predators
were starved for 4 hours before experiments. The ages of adults of A. guerreronis and adults

and eggs of R. indica were not determined.

Lasioseius barbensiensis was collected from recently fallen coconut fruits in the
municipality of Neopolis, state of Sergipe, Brazil (10°19'12"S, 36°34'46"W; 30 m of altitude).
The rearing unit consisted of a black PVC plastic sheet (11 cm x 7 cm) for mite confinement
sitting on a moistened sponge (11 cm x 7 cm and 3 cm in height) placed within a rectangular
plastic container (12.5 cm x 8.5 cm and 5cm in height). Absorbent cotton was added to the
edges of the black PVC sheet to prevent mite escape. The container had a lid with a rectangular
opening (9 cm x 6 cm) covered with voile fabric. All life stages of the dust mite Tyrophagus

putrescentiae (Acari: Acaridae) were offered as food to L. barbensiensis every seven days.
5.2.2. Experimental unit

The experimental unit consisted of a circular plastic container measuring 7 cm in diameter and
5 cm in height, containing a circular sponge measuring 5 cm in diameter and 1 cm in height, a
black PVC plastic sheet with 4 cm in diameter, and distilled water. Absorbent cotton was added
to the edges of the black PVC sheet, as well as a container with a lid and opening of 2 cm x 2
cm, covered with white voile fabric. The structure was similar to the rearing units, but circular
in shape and distinctly smaller. The experiments were based on Carrillo & Pefia (2012), with

modifications.

Prior to each trial, adult females of L. barbesiensis were starved for 4 hours to minimize

variability in predation responses. All treatments were replicated 30 times.

5.2.3. Non-choice and choice predation
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In the non-choice assay, each predator was transferred to dishes containing 20 individuals of a
single prey type—either A. guerreronis adults, R. indica adults, or R. indica eggs. Predation
was assessed at 24 and 48 hours, with prey replenishment immediately after the 24-hour count

to maintain prey density.

In the choice assay, L. barbesiensis females were simultaneously offered two prey
types—either 20 adults of A. guerreronis and 20 adults of R. indica, or 20 adults of A.
guerreronis and 20 eggs of R. indica. Predation was recorded after 24 hours without prey
replenishment to prevent depletion of one prey type, which could bias preference estimates. A
24-hour assessment period is sufficient to calculate preference indices, reflecting initial feeding

behavior before significant changes in prey availability occur.

5.2.4. Statistical analyses

Statistical analyses were performed using the R software version 4.4.3 (R Core Team,
2023). Initially, the data were subjected to the Shapiro-Wilk normality test (p > 0.05) to assess
whether they fitted a normal distribution. Afterwards, the homogeneity of variances was tested
using the Brown-Forsythe test (p > 0.05). Since the data did not meet the assumptions of
normality, the nonparametric Kruskal-Wallis test (p < 0.05) was performed, followed by
Dunn’s test for multiple comparisons between treatments for non-choice and Mann-Whitney

test for the choice experiment.

5.3. Results

In the non-choice assay, the predation of prey items by L. barbensiensis differed
significantly (H = 62.9; d.f = 12; p < 0.0001), with lower consumption of R. indica adults (2.9
+ 0.19) compared to either A. guerreronis adults (19.6 + 0.09) (p < 0.0001) or R. indica eggs
(15.0 £ 3.2) (p < 0.0001). However, there was no difference between the consumption of R.
indica eggs (19.6 + 0.007) and A. guerreronis adults (p = 1) (Figure 1).

In the choice experiment, the number of R. indica eggs (15.6 £ 0.3) and A. guerreronis
adults (15.7 = 0.3) preyed upon by L. barbensiensis did not differ (U= 471, p = 0.7577). In
contrast, L. barbensiensis preyed on A. guerreronis adults (19.1 £ 0.2) more than on R. indica
adults (1.7 £ 0.2) (U =900, p <0.0001).

5.4. Discussion
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Our study used a combination of choice and non-choice assays to shed light on the
feeding preferences and biological control potential of L. barbensiensis on two major coconut
pest mites, A. guerreronis and R. indica.

We showed that L. barbensiensis preferred A. guerreronis adults or R. indica eggs over
adults of the latter. Predatory mites can show a preference for specific prey based on
characteristics such as size, stage of development, and nutritional value (Buitenhuis et al., 2009;
Patel and Zhang, 2017). Aceria guerreronis is a micromite, with adults females measuring 205—
255 um long and 36-52 pum wide (Keifer 1965; Navia et al. 2013; Reis et al., 2008; Negloh et
al., 2011), while R. indica adults are about 245 um long and 182 um wide (Melo et al. 2018).
Therefore, A. guerreronis, being smaller in size, may be easier to capture, subdue, and handle.
Additionally, prey at different developmental stages may offer varying nutritional values, which
can affect the predator’s reproductive success and overall efficiency in biological control.
However, prey quality of both mites to L. barbensiensis remains to be investigated.

The methodological approach allowed us to understand both the preference and the
acceptance potential of L. barbensiensis. While choice tests simulate a situation where the
predator can select the most suitable prey, non-choice tests reflect more realistic conditions in
the field, where availability is limited (Jutfelt et al., 2016; Refsnider, 2016). The fact that L.
barbensiensis fed on R. indica eggs even in the absence of other developmental stages of its
prey highlights its potential for biological control, especially in early stages of pest infestation
((Carrillo et al. 2012; Withers & Mansfield 2005). Similar approaches and interpretations have
been emphasized by Carrillo et al. (2012) when evaluating generalist predators under varying
prey availability scenarios.

Lasioseius barbensiensis exhibited a higher feeding preference for adult A. guerreronis
compared to R. indica adults. However, this preference does not compromise its biological
control potential over R. indica, given its high capacity to prey on eggs of this phytophagous
mite. Efficient biological control agents often depends on the predator’s ability to target prey at
early developmental stages, such as eggs and larvae, which are more vulnerable and,
commonly, more abundant in populations of phytophagous arthropods (Chailleux et al. 2013;
Janssen et al., 2006). According to Phillips & Gardiner (2015), biological control is more
effective when predators target eggs or juvenile stages, as this limits the ability of the
phytophagous arthropod to reproduce and spread quickly. Therefore, control of R. indica can
be effectively maintained, even though L. barbensiensis shows a preference for adult A.
guerreronis over adult R. indica, because predation on the early stages (eggs) of R. indica is
equally preferred by the predator and may be sufficient to reduce its population and prevent

damage.
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The results obtained with L. barbensiensis are pioneering in the context of mites from
the Blattisociidae family, a group still little explored in biological control. These results
highlight the potential of L. barbensiensis as an effective potential biological control agent
against A. guerreronis and R. indica, reinforcing its importance in integrated pest management

strategies for coconut production.
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Figure captions

Figure 1. Mean number of prey consumed by Lasioseius barbesiensis in no-choice assays after
48 hours, when offered separately: (a) Raoiella indica adults, (b) R. indica eggs, and (c) Aceria
guerreronis adults. Error bars represent standard errors. Different letters above bars indicate
significant differences among treatments (p < 0.05).

Figure 2. Proportion of prey consumed by Lasioseius barbesiensis in choice assays after 24
hours: (a) between R. indica eggs and A. guerreronis adults, and (b) between R. indica adults
and A. guerreronis adults. Bars represent mean proportions with standard errors. Asterisks
denote significant differences in prey preference (p < 0.05).
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6. ARTICLE 3
Resistence of Cocos nucifera (Arecaceae) hybrids to Raoiella indica Hirst (Acari:
Tenuipalpidae)

Artigo formatado de acordo com as normas do periodico Experimental and applied
acarology

Abstract

The red palm mite, Raoiella indica Hirst (Acari: Tenuipalpidae), represents a serious threat to
coconut (Cocos nucifera L.) producing countries like Brazil. This study assessed the
susceptibility of fifteen experimental dwarf x tall coconut hybrids and one commercial hybrid
(PB141) to R. indica under field and laboratory conditions in Brazil. In the field, monthly mite
counts of eggs, immatures and adults of R. indica, on lower-leaf leaflets on the 16 hybrids were
conducted for 24 months and also correlated with monthly rainfall. Under laboratory conditions,
intrinsic increase rates (r;) were calculated from offspring. Seasonally, mite populations peaked
from November through March, inversely related to precipitation patterns. Hybrids 14 and 15
consistently supported the highest mite densities, up to twice those of the control, across all
developmental stages. Conversely, hybrids 1, 6, and 9 exhibited the lowest infestation levels in
the field, suggesting potential resistance. Laboratory assays confirmed the field pattern for
hybrid 6, which showed the lowest intrinsic rate of mite increase (ri = 0.106), indicating a
potential antibiosis effect. In contrast, hybrid 9, despite showing low infestation in the field,
supported the highest population growth under laboratory conditions (ri = 0.213), suggesting a
possible role of environmental or morphological factors in field suppression. These findings
demonstrate the importance of combining field and laboratory data to identify resistant
genotypes for integrated pest management strategies.

Keywords: Antibiosis; genetic resistance; integrated pest management; population dynamics;
seasonal variation.

6.1. Introduction

Genetic resistance of plants to pest arthropods means that their ability to resist, or tolerate, being
attacked by these nuisances is owed to specific genetic characteristics (Smith and Clement,
2011). The resistance is mediated by self-defense proteins and allelochemicals compounds
produced constitutively, or induced, by arthropod attack, synthesized by resistance genes
(Smith and Clement, 2011). These mechanisms may lead to antibiosis or antixenosis effects,
affecting pest development, survival, or preference. Its use in crop breeding offers a sustainable
and cost-effective strategy for managing phytophagous arthropods, reducing the need for
pesticides and increasing yields (Togola et al., 2017). In this sense, genetic composition of

resistant varieties is important for determining their susceptibility or resistance to pests.

Apart from genetic characteristics, climatic seasonality, characterized by temperature,
humidity, and precipitation variations throughout the year, may strongly influence the
phytophagous arthropods population dynamics (Chen et al., 2019; Sam et al., 2023). Dry

periods and high temperatures tend to increase its population, while colder and rainier months
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may restrict their reproduction and survivability (Newell et al., 2022). Therefore, understanding
the effect of each hybrid resistance and seasonal climatic variations is crucial to guide more
effective and sustainable management practices.

The coconut palm has two main varieties: the "tall" (C. nucifera var. typica) and the
"dwarf" (C. nucifera var. nana), in addition to hybrids resulting from crosses between these
varieties (Azevedo et al. 2018; Rajesh et al., 2015). Dwarf variety can be subdivided into three
subvarieties: red, yellow, and green (Azevedo et al., 2018; Santos et al., 2020). Hybrids between
dwarf x tall coconuts have already shown productive advantages, such as higher yields and
precocity (Sobral et al., 2019; Silva et al., 2023). However, studies on how genetic diversity,
represented by coconut hybrids, can influence arthropod pests are still scarce (Rajesh et al.,
2015).

The red palm mite, Raoiella indica Hirst (Acari: Tenuipalpidae), is a phytophagous mite
native to Asia (Carrillo and Pefia, 2012; Melo et al. 2018) and considered a serious threat for
coconut plantations and ornamental palms in Asia and tropical America, as it can reach high
population densities causing important damage (Rodrigues et al., 2007; Carrillo and Pefia, 2012;
Melo et al., 2018). This species forms colonies mainly on the abaxial side of leaves (Balza et

al. 2015), leading to chlorotic spots on coconut leaves (Pefia et al., 2012).

Therefore, we aimed to evaluate the susceptibility of dwarf x tall coconut hybrids to R.
indica under field and laboratory conditions, as well as to assess how seasonal climatic

variations influence the population of this pest.

6.2. Materials and Methods

6.2.1. Coconut hybrids and population dynamics of R. indica in the field

The experiment followed a randomized complete block design, consisting of 16 dwarf x tall
coconut hybrids (treatments) and three replicates (blocks), with three plants per replication for
each hybrid. The hybrids were established in 2019 in a quartzarenic Neosol at the experimental
field of Embrapa in Itaporanga d’Ajuda, (11°07°40" S and 37°11'15" W), Sergipe, Brazil, at 8.5
m 8.5 mx8.5 m spacing. Fifteen of the sixteen hybrids evaluated were generated from
Embrapa’s coconut breeding program. The development of these intervarietal hybrids involved

the selection of dwarf and tall coconut palms preserved at the International Coconut Germplasm
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Bank for Latin America and the Caribbean (ICG-LAC). The mother plants were selected from
populations of green dwarf coconut from Brazil (Jiqui origin); red dwarfs from Cameroon,
Malaysia, and Gramame; and yellow dwarfs from Malaysia and Gramame. The father plants,
in turn, belonged to tall coconut populations from Polynesia, Tonga, Vanuatu, and Rennel.
Since the hybrids resulting from these crosses are still under development and subject to future
cultivar protection, only their codes (1-15) are disclosed in this research. The commercial
hybrid PB141 (code 16; green dwarf from Brazil x giant from West Africa), developed by the
Institut de Recherches pour les Huiles et Oléagineux — IRHO (Farias Neto et al. 2003), was

included in the experiment as a control.

The population dynamics of R. indica on the 16 coconut hybrids was conducted monthly
over 24 months. The number of eggs, immatures (larvae, protonymphs and deutonymphs), and
adults of R. indica was monthly recorded on one plant of each hybrid per block (replication).
Mite counts were performed using a 20x magnification lens at two areas of one square
centimeter on two randomly selected leaflets from a lower leaf of each assessed plant. No
phytosanitary treatments were conducted throughout the experimental period.

6.2.2. Population growth rate of R. indica on coconut hybrids in the laboratory

For each laboratory experiment, one leaflet was collected from each hybrid per block in the
field experiment, totaling three replications per hybrid to avoid pseudoreplication. The
experimental unit consisted of a plastic Petri dish measuring 5 cm in diameter and 1.5 cm in
height, containing a rectangular sponge measuring 4 cm x 3 cm and 1 cm in height, saturated
with distilled water. A sanitized fragment of the coconut hybrid leaflet was placed on the
sponge, with moistened cotton around it to maintain humidity. Females and males of R. indica
were collected from infested coconut trees at Embrapa Tabuleiros Costeiros in Aracaju, seven
days prior to setting up the experiment. The mites were transferred to specific breeding units,
similar to the experimental units. To separate the specimens, breeding units were established
containing only males and others containing only females in the quiescent deutonymphal stage.
After seven days, females reached adulthood and were used in the population growth rate
experiments. In each experiment, the experimental units received eight mites, four females and
four males, and the total number of all developmental stages was recorded after 12 days. The
susceptibility of coconut hybrids to R. indica was assessed based on instantaneous rate of
increase (ri) as follows

nin &
ri = 2 (g

12
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where Nf is the number of specimens at the end of the evaluation period and No is its initial

quantity. The experiment was conducted over six months, repeated monthly (every 30 days).

6.2.3. Statistical analyses

In the field assay, counts of eggs, immatures (nymphs), and adults (dependent variable) across
the 16 coconut hybrids were analyzed using a generalized linear model (GLM) with repeated-
measures ANOVA, assuming a Poisson distribution. Independent variables included block,

month, and the block x month interaction.

In the laboratory assay, the intrinsic rate of increase (ri) was used as the dependent
variable, assuming a normal distribution. The independent variables were the same as those

used in the field experiment.

Following the detection of statistical differences among hybrids, months, and the block
x month interaction (p<0,.05), Dunnett’s post-hoc test was applied. To identify potential
relationships between inactive and active forms of R. indica and rainfall data (mm), Spearman's
rank correlation test (rs) was performed. All statistical analyses were conducted using R

software, with a 5% significance threshold.

6.3. Results

The average number of R. indica eggs on the control hybrid (PB141) was significantly higher
(p<0.05) than that recorded on most of the remaining hybrids (1, 2, 3, 5, 6, 8, 9 and 10). The
number of immatures of R. indica on hybrids 1, 2, 3, and 9 was significantly lower (p<0.05)
than on the control hybrid. For the adult stage of the mite, the hybrids 1, 2, 3, 4, 5, 6, 8, 9, and
10 had significantly lower infestation than the control hybrid (Figure 1).

In the laboratory assay, only hybrid 6 had a significantly lower instantaneous rate of

increase (ri) (p = 0.0439) compared to the control hybrid (Figure 1).

As for the correlation between climatic variables and the mite, negative and high
(p<0.05) correlations between egg, immatures, and adult mites and rainfall (mm) were observed
(Table 1).

6.4. Discussion



53

The present study demonstrated that the different coconut hybrids significantly influenced the
population increase of R. indica, particularly under field conditions. The results indicate that
hybrids 1, 2, 3, and 9 showed significantly lower R. indica infestation in eggs, immature forms,
and adults, compared to the control hybrid PB141, which accumulated the highest average
number of eggs. Hybrids such as 6, 8, and 10 also offered significant reduction in the adult
stage, while hybrids 1, 2, 3, and 9 exhibited low infestation in all stages, providing broader
resistance. In contrast, the control hybrid (PB141) and those without significant reduction (e.g.,

hybrids 7, 11, and 12) were the most susceptible.

This variability is consistent with findings in other tropical crops: for example, Vasquez
et al. (2016) observed that coconut cv. Jamaican Tall had a lower mite oviposition rate and
higher oxidative enzyme activity than cv. Malayan Yellow Dwarf, decreasing antibiotic
resistance. Similarly, Polanco-Arjona et al. (2017) reported that banana cultivars (‘Dwarf
Giant’, ‘Horn’, ‘Date’) had much lower population increase of R. indica (2.4-5.3-fold)
compared to coconut cultivars (43-54-fold) after four months of experimental infestation
(Polanco-Arjona et al., 2017). These studies reinforce that genotypic differences in tropical
hosts determine variable susceptibility to R. indica, supporting the identification of our hybrids
1, 2, 3, and 9 as promising sources of resistance, while PB141 and analogous hybrids appear to
be more susceptible. These results suggest that plant genotype affects mite reproduction and
abundance, supporting previous findings that host resistance may involve structural or

biochemical defense traits (Gomes et al., 2005; Howard et al., 2020).

In laboratory assays, which evaluated the instantaneous rate of increase (ri) of R. indica,
a different response pattern was observed among hybrids. Hybrid 6 exhibited a significantly
lower ri compared to the control, indicating reduced suitability for mite development and
suggesting potential antibiosis or antixenosis effects. In contrast, hybrid 9, which showed low
infestation levels in the field, presented the highest r; value, indicating high population growth
under controlled conditions. This discrepancy suggests that field resistance in hybrid 9 may be
related to environmental or morphological factors rather than intrinsic plant traits. The
consistency observed for hybrid 6, which performed well in both field and laboratory, reinforces
the utility of integrating both approaches to identify robust resistance. These findings highlight
the value of laboratory tests in screening genotypes prior to field evaluation (Shalini et al., 2006)
and support the use of hybrid 6 as a candidate for integrated pest management.

The correlation between field and laboratory data, at least for hybrid 6, reinforces the

role of host plant resistance as a major factor influencing R. indica populations. While field
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conditions involve complex interactions with environmental variables, the congruence of
results for hybrid 6 suggests that resistant hybrids possess constitutive or inducible traits that
limit mite success (Bi & Felton, 1995; Schluter et al., 2010).

Abiotic factors also influenced mite populations during the study. Rainfall was
negatively and significantly correlated with mite densities across all developmental stages (rs
= -0.60; p < 0.05). This observation is consistent with previous literature, indicating that high
rainfall can wash mites from host surfaces (Navia et al., 2016). Seasonal patterns were evident,
with mite outbreaks peaking during the dry season when conditions favored rapid population
buildup (Silva et al., 2020). Therefore, while host resistance plays a central role, environmental
conditions such as precipitation modulate infestation levels should be factored into pest

management strategies.

From a practical standpoint, the identification of resistant hybrids, particularly hybrid 6,
offers a valuable tool for integrated pest management. Even in the absence of chemical control,
some genotypes maintained low mite populations, demonstrating the potential of genetic
resistance in reducing pest pressure. Future work should aim to characterize resistance traits
more precisely and explore molecular markers that could facilitate selection of resistant
cultivars (Ximénez-Embun et al., 2017; Tzec, 2022).

In conclusion, the current research evidenced hybrid 6 as the most promising genotype,
combining low field infestation with impaired population growth under laboratory conditions.
The consistency of resistance across experimental conditions supports its potential use in IPM
programs. Future research should focus on elucidating the molecular and physiological
mechanisms underlying this resistance and validating performance across diverse
agroecological zones. These efforts will contribute to the sustainable management of R. indica

in coconut production systems.
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Figure captions

Figure 1. Average counts of eggs, immatures (larvae and nymphs), and adults per cm? and
intrinsic growth rates (ri) of R. indica on 15 coconut hybrids (Cocos nucifera) and the control
hybrid. Asterisks denote statistical differences (p<0.05; one-way ANOVA followed by
Dunnett’s pos-hoc test).
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Table 1. Spearman correlation between the average number of eggs, immatures, and adults of
R. indica and rainfall (mm).

Developmental stage (n) I's p Value
Eggs -0,09885 0,0006
Imatures -0,08025 0,0054
Adults -0,09434 0,0011

rs: Spearman Correlation test using Ranks (p<0,05)
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