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RESUMO

Stomoxys calcitrans: FENO DE ALFAFA COMO SUBSTRATO LARVAL E
ATIVIDADE ADULTICIDA DO OLEO DE Melaleuca alternifolia COM ALTO TEOR

DE 1,8-CINEOLE

AUTORA: Janaina Brand Dillmann
ORIENTADORA: Silvia Gonzalez Monteiro

A mosca-do-estabulo, Stomoxys calcitrans (Linnaeus, 1758), pertencente a familia Muscidae, género
Stomoxys, é um diptero hematéfago responsavel por provocar perdas produtivas e de desempenho em
bovinos e equinos, além de causar impactos sanitarios através da disseminagdo de microrganismos
patogénicos. Atualmente, o controle do diptero conta com inseticidas sintéticos, manejo sanitario,
controle bioldgico e armadilhas, porém, nenhum desses métodos isoladamente se mostra eficaz. Os
surtos frequentes no Brasil, relacionados principalmente a expansdo das plantaces de cana-de-agucar,
demonstram a necessidade de buscar alternativas ao controle convencional e uma opgdo promissora séo
os 0Oleos essenciais, que tém sido amplamente estudados em relacéo as suas atividades inseticidas. Para
isso, 0 primeiro estudo teve como objetivo avaliar os efeitos do feno de alfafa como substrato para o
desenvolvimento e sobrevivéncia das fases larvais até a fase adulta da mosca-do-estabulo, visando a
mantenca de col6nias em laborat6rio para futura realizacdo de testes de controle desde inseto. Para isso
foram coletados 65 ovos de uma col6nia estabelecida em laboratério e colocados sobre substrato larval
contendo feno de alfafa (100g) e agua destilada (200ml), em seis repeticdes. A média de dias para a
eclosdo dos ovos foi de 1,4 (+ 0,5), o periodo larval foi de 11,33 dias (+ 1,75) e o periodo pupal foi de
5,83 dias (£ 0,51). O ciclo completo de ovo a adulto foi de 18,66 (+ 2,06). A média de viabilidade larval
foi de 91,03% (+ 3,14), de pupacgdo 88,71% (+ 3,17) e a porcentagem de emergéncia (pupas para adultos)
foi de 91,13% ( 3,0). Os resultados obtidos no presente trabalho indicaram que a utilizag&o de substrato
larval com feno de alfafa propiciou o desenvolvimento de estigios imaturos de S. calcitrans em
laboratorio, demonstrando bons percentuais de desenvolvimento larval, pupagdo e emergéncia de
adultos. O segundo estudo objetivou investigar a atividade inseticida do 6leo de Melaleuca alternifolia,
com alto teor de 1,8-cineole, frente a espécie S. calcitrans. Pelo método de exposicdo ao papel
impregnado, foi possivel observar que os tratamentos de 25 e 50 pg/cm? (p>0,05) demonstraram acéo
fumigante. A taxa de mortalidade em relacdo ao tempo de exposicao ao 6leo ap6s os tratamentos foi
melhor em comparagdo com o Diazinon entre os tratamentos de 25 e 50 pg/cm? (96,6 + 3.3 % e 100 %,
respectivamente) nos primeiros 15 minutos. Pelo método de aplicagdo superficial o Unico tratamento
gue demonstrou acao adulticida foi o de 5% (p>0,05). A toxicidade, CLso (%; p/v), foi de 1,06 £ 0,02 e
3,82 £ 0,65 para os métodos de papel filtro impregnado e aplicagdo superficial, respectivamente. Assim.
0 6leo essencial de M. alternifolia demonstrou ter agdo adulticida contra S. calcitrans.

Palavras-chave: mosca-do-estadbulo, arvore-do-chd, desenvolvimento, 6leo essencial, coldnias



ABSTRACT

Stomoxys calcitrans: USE OF ALFALFA HAY AS A LARVAL SUBSTRATE FOR REARING
IN LABORATORY AND ADULTICIDAL ACTIVITY OF Melaleuca alternifolia ESSENTIAL
OIL WITH HIGH 1,8-CINEOLE

AUTHOR: Janaina Brand Dillmann
ADVISOR: Silvia Gonzalez Monteiro

Stomoxys calcitrans (Linnaeus, 1758), know as stable fly, belonging to Muscidae family, genus
Stomoxys, is a hematophagous dipteran responsible for causing performance and productive losses in
horses and cattle, as well as causing health impacts through the dissemination of pathogenic
microorganisms. Currently, the control of this fly make use of synthetic insecticides, sanitary
management, biological control and traps, but none of these methods alone is effective. The frequent
outbreaks in Brazil, related mainly to the expansion of sugarcane plants, demonstrate the need to seek
alternatives to conventional control and a promising option are the essential oils, which have been widely
studied in relation to their insecticidal activities. The first study aimed at the effects of alfalfa hay as a
substrate for the development and survival of larval stages up to adult stage of the stable fly, in order to
maintain colonies in laboratory and further conduct bioassays for the control of this insect. For this, 65
eggs were collected from a colony established in laboratory and placed on a larval substrate containing
alfalfa hay (100g) and distilled water (200ml), replicated six times. The mean number of days for egg
hatching was 1.4 (+ 0.5), the larval period was 11.33 days (+ 1.75) and the pupal period was 5.83 days
(x 0.51). The complete cycle from egg to adult was 18.66 days (£ 2.06). The mean larval viability was
91.03% (+ 3.14), pupation 88.71% (£ 3.17) and the percentage of emergence (pupae to adults) was
91.13% (£ 3.0). The results obtained in the present work indicated that the use of larval substrate with
alfalfa hay allowed the development of immature stages of S. calcitrans in laboratory, demonstrating
good percentages of larval development, pupation and emergence of adults. The second study aimed to
investigate the insecticidal activity of the oil of Melaleuca alternifolia, with a high content of 1,8-
cineole, to the S. calcitrans specie. By the method of impregnated paper, it was possible to observe that
the treatments of 25 and 50 pg/cm? (p> 0.05) showed fumigant action. The mortality rate in relation to
the time of exposure to oil after treatments was better compared to Diazinon between treatments of 25
and 50 pg/cm?(96.6 + 3.3% and 100 %, respectively) in the first 15 minutes. In superficial application
test, the only treatment that demonstrated adulticidal action was 5% (p> 0.05). The lethal concentration,
LCso (%; w/v) was 1.06 £ 0.02 and 3.82 + 0.65 for the impregnated paper and surface application
methods, respectively. Thus, M. alternifolia essential oil has a potential for adulticidal action against S.
calcitrans.

Keywords: stable fly, tea tree, development, botanical-based insecticidal, essential oil, colonies
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1. INTRODUCAO

A mosca-do-estabulo, Stomoxys calcitrans (Linnaeus, 1758) (Diptera: Muscidae), € um
diptero hematdfago de importéncia veterinaria principalmente para equinos e bovinos, sendo
responsavel pela disseminacdo de microrganismos patogénicos, perdas de producdo e
desempenho, além de ser hospedeiro intermediario de endoparasitas (VALGODE, 1992). Ela
afeta tanto animais estabulados, quanto animais em pastagem e no Brasil sua importéncia
econdmica e sanitaria cresceu muito devido aos surtos desse diptero nas regides sudeste e
centro-oeste do pais, em decorréncia ao uso da vinhaca pelas usinas sucroalcooleiras
(CANCADO et al., 2012).

No controle de S. calcitrans varios métodos ja foram testados, incluindo inseticidas
sintéticos, controle bioldgico e iscas, sendo que nenhuma dessas técnicas isoladamente
proporcionou adequado controle da populacdo dessas moscas. Além disso, mais de 80% das
fases imaturas da mosca se localizam em matéria vegetal em decomposicao nas instalacdes de
gado confinado (GUILLES, 2005). Sabe-se que o controle de pragas a partir do uso de
inseticidas sintéticos tem provocado aumento no nimero de espécies resistentes a esses agentes,
entre elas, inclui-se S. calcitrans (BALDACCHINO et al., 2013) e que entre os produtos
quimicos utilizados para combater esses insetos estdo inclusos os agentes das classes de
organofosforados, piretréides sintéticos e carbamatos (SHONO et al., 2003). Além disso, 0
controle das moscas a partir de produtos quimicos quando utilizados de forma incorreta podem
contaminar o meio ambiente, gerando riscos a salde humana e animal (SAILLENFAIT et al.,
2015).

Pesquisas com componentes naturais, particularmente compostos de 6leos essenciais,
vem sendo realizadas como alternativas no controle de S. calcitrans. Oleos essenciais de plantas
contém em sua composicdo quimica metabdlitos secundarios ativos, tais como 0s terpenos, e a
acao desses compostos em sinergia ou isoladamente é capaz de produzir efeito inseticida ou
repelente (YANG et al., 2003). O 6leo essencial comercial de Melaleuca alternifolia possui 0
terpinen-4-ol como componente majoritario e € utilizado para testes inseticidas, porém, o clima,
manejo e idade da planta interferem em seus componentes, acarretando no aumento de outros
compostos, tais como o 1,8-cineole.

Assim, o primeiro objetivo deste estudo foi testar a utilizacdo do feno de alfafa como
substrato larval para a criagdo e manutencao da mosca-do-estabulo em laboratorio, visando seu
uso futuro em testes inseticidas, principalmente de instares imaturos. Em seguida, objetivou-se

testar a susceptibilidade de adultos de S. calcitrans frente ao 6leo essencial de Melaleuca
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alternifolia com componente majoritario 1,8-cineole, em busca de novas opc¢des de controle e
desenvolvimento de abordagens alternativas ao uso de inseticidas quimicos, com componentes

que ndo agridam o meio ambiente ou causem danos a sadde dos animais e humanos.
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2. REVISAO BIBLIOGRAFICA

2.1 A MOSCA-DO-ESTABULO (Stomoxys calcitrans): HISTORICO E BIOLOGIA

Stomoxys calcitrans, conhecida como ‘“mosca-do-estabulo”, ¢ classificada
taxondémicamente em: Filo Arthropoda, Classe Insecta, Ordem Diptera, Subordem Brachycera,
Infraordem Muscomorpha, Subseccdo Calyptratae, Familia Muscidae e Subfamilia
Stomoxydinae (MONTEIRO, 2011). Muir (1914) relata que esse diptero teve sua origem na
Africa ou India e Brues (1913) confirma que o primeiro relato de S. calcitrans nos Estados
Unidos ocorreu em 1776, mesma época em que a mosca foi introduzida nas Americas.

De distribuicdo mundial, a mosca-do-estabulo tem causado importantes impactos
ambientais pelo aumento consideravel da sua populacdo, principalmente na Africa Central,
onde tem levado diversas espécies de animais a 6Obito devido ao seu habito hematdéfago
(ELKAN et al., 2009). No Brasil, as condi¢c6es climaticas favoraveis ao desenvolvimento de S.
calcitrans, (FREITAS, 1985) além da temperatura adequada para manutencdo dos adultos e a
expansdo da industria sucroalcooleira acarreta em ocorréncia de surtos da mosca em diferentes
regides do pais (BARROS et al., 2010; KASSAB, 2012).

Anatomicamente as moscas adultas possuem quatro listras longitudinais negras no torax
e coloracdo acinzentada, medem em torno de seis milimetros e ambos 0s sexos sdo dotados de
aparelho bucal (probdscida) picador, junto a palpos curtos (CAMPBEL, 1993). Bittencourt
(2012), relata que tanto a fémea quanto o macho sdo hemat6fagos e tem preferéncia por sangue
equino e bovino, embora ocasionalmente possam se alimentar do sangue de outros mamiferos,
como o homem e até mesmo de aves. Seu nome vulgar, “mosca-do-estabulo”, se deve ao fato
de que na maior parte do tempo permanece pousada em arvores, cercas, estruturas proximas de
cocheiras e estdbulos ricos em fezes e matéria organica, onde ocorre sua postura e
desenvolvimento larval.

A mosca-do-estabulo possui um ciclo de vida com metamorfose completa que varia de
14 a 21 dias, dependendo da temperatura da regido (MONTEIRO, 2011). Possuem uma alta
capacidade de disperséo, sendo que as fémeas podem percorrer 29,11 km em 24 horas. Apos a
copula colocam seus ovos, de coloragdo branca ou amarela clara e medindo aproximadamente
um milimetro, em areas onde haja acumulo de dejetos e resto de alimentacdo de equinos e
bovinos, além de pogas de vinhaca, canais de dreno utilizados na fertilizagdo de plantas e
matéria organica vegetal em decomposicdo (BURALLI E GUIMARAES, 1985; CASSOL et
al., 2010).
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As larvas de primeiro estadio eclodem apds 12-24 h, sdo sapréfagas e realizam trés
ecdises. As larvas L3 medem aproximadamente dez milimetros, possuem corpo afilado, placas
estigmaticas separadas e espiraculos respiratorios em formato de “S” (SOULSBY, 1987). O
periodo larval tem variacdo média de 14 a 26 dias e a pupacdo ocorre quando as larvas de
terceiro estagio estiverem bem desenvolvidas, levando em torno de 7-14 dias para os adultos
emergirem (GUIMARAES, 1983). Os adultos sairdo em busca de alimentacéo e abrigo e apds
3-5 dias déo inicio a fase de acasalamento, sendo que tanto macho quanto fémea devem realizar
repasto sanguineo para que ocorra a maturacdo sexual (FRAENKEL et al., 1973;
GUIMARAES, 1983). As fémeas s6 estarfo aptas a ovipor quando atingirem 5-8 dias de idade
e tiverem realizado mais de um repasto sanguineo, devido a estimulacdo da oogénese (FOIL &
HOGSETTE, 1994). Os machos, como Anderson (1978) descreveu, precisam se alimentar para
gue ocorra a maturacdo da glandula acessoria, responsavel pela inoculacéo do esperma no corpo
da fémea.

Embora o diptero tenha preferéncia por depositar seus ovos em fezes de equinos e
bovinos, Gongalves e Veiga (1998) verificaram nos aviarios do municipio de Araucaria, no
Parana, um oOtimo local para criacdo das moscas, uma vez que as fezes acumuladas sob as
gaiolas formavam o ambiente ideal para postura. Além disso, Bittencourt et al. (2012) e
Cancado et al. (2013b) encontraram larvas de S. calcitrans no interior de colmos de cana-de-
acucar em decomposic¢do, dificultando ainda mais seu controle em lavouras. Tanto 0s ovos
guanto as larvas precisam de um ambiente com abundancia de microorganismos, onde haja
matéria organica com adequado gradiente de fermentacdo e muita umidade (LAM et al., 2007;
MACEDO, 2001).

2.2 A IMPORTANCIA DA MOSCA-DO-ESTABULO, Stomoxys calcitrans, NA SAUDE
ANIMAL E PUBLICA

Stomoxys calcitrans tem sido responsabilizada pela disseminacdo de microrganismos
patogénicos ao homem e aos animais domesticos por ser um inseto hematofago obrigatorio,
além de atuar como hospedeiro intermediario de endoparasitas (VALGODE et al., 1992). E
uma espécie cosmopolita, que afeta principalmente equinos e bovinos (WALL et al., 1997),
possui habito agressivo e persistente, podendo realizar repasto sanguineo em humanos na
auséncia de seus hospedeiros favoritos (BALDACCHINO et al., 2013).
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Tanto para equinos quanto bovinos, a perturbacdo provocada pela mosca-do-estabulo
acarreta em perdas de peso e desempenho produtivo. Esses insetos provocam irritacdo no
animal pelo seu habito de voo, pouso e pela picada dolorosa, induzindo a movimentos
defensivos e de fuga, acarretando em perda de energia, reducdo do tempo de alimentacéo e do
total consumido além de estresse (BALDACCHINO et al., 2013). Em equinos, as moscas
provocam dermatite exsudativa, principalmente nos membros, acarretando riscos de
contaminacéo secundaria (YERUHAM & BRAVERMAN, 1995) e possivelmente eliminando
o0s animais de competicdes regulamentadas pela FEI (Federacdo Equestre Internacional).

Na bovinocultura brasileira os prejuizos sdo estimados em cerca de 350 milhdes de
dolares por ano, devido aos custos anuais infringidos ao produtor com a profilaxia, além dos
prejuizos com a reducdo do ganho de peso e producdo diaria de leite (GRISI et al., 2014;
KOLLER et al., 2009). Campbell et al. (2011) relataram reducdo no peso animal de 19% e na
producéo de leite de 40 a 60% em fazendas altamente infestadas. Além disso, S. calcitrans é
capaz de consumir uma média de 11-15 pL de sangue por repasto, 0 que, em uma grande
infestacdo, pode provocar anemia nos animais (SCHOWALTER et al., 1979). Sendo assim,
esses efeitos diretos ndo sé influenciam na producdo, mas também na transmissdo de doencas
(DESQUESNES, 2004), uma vez que, como consequéncia secundaria a infestacdo, ha uma
aproximagao entre os animais, como meio de protecdo, que permite que as moscas piquem
varios hospedeiros gerando estresse e imunossupressao.

Baldacchino et al. (2013) comprovaram a transmissao de patdgenos mecanicamente pela
S. calcitrans, através da contaminacao de sua estrutura bucal e pela regurgitacdo de contetdo
digestivo anterior. Além disso, sabe-se que por mais que 0s patégenos nao sobrevivam muito
tempo nas estruturas do inseto, a mosca-do-estabulo se alimenta frequentemente, variando o
intervalo de refeicGes entre 4 a 72 horas (FOIL et al., 1994).

A mosca-do-estabulo tem sido apontada como transmissora de diversos patdgenos, tais
como: Virus da Anemia Infecciosa Equina (GREEN et al., 1996), Virus do Nilo Ocidental
(DOYLE et al., 2011), Virus da Leucose Enzodtica Bovina (WEBER et al., 1988), Anaplasma
marginale (SCOLES et al, 2005) e Trypanosoma evansi (MIHOK et al., 1995). Também é
hospedeira intermediaria de Habronema muscae (TRAVERSA et al, 2008) e pode ainda ter
envolvimento na transmissdo de algumas espécies de Onchocerca sp. e Dirofilaria sp. a
humanos e animais (BALDACCHINO et al., 2013).

Muito embora sua preferéncia seja por animais de producéo, a mosca-do-estabulo pode

ser um transtorno em propriedades proximas de areas agricolas, pois também se alimentam de
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acucar de frutas e flores, como relatado por Guimardes (1986), nos estados de Minas Gerais,
Goiéas, Sdo Paulo e Parana onde a utilizagdo de palha de arroz em cafezais como, cama de
aviario e o vinhoto em culturas de cana-de-agucar acabou potencializando a reproducédo desta
espécie. A abundéncia de S. calcitrans na torta de filtro e palha com vinhaca indica um
importante papel das usinas sucroalcooleiras no desenvolvimento da mosca (CORREA et al.,
2013), sendo que surtos desse diptero foram registrados em Mato Grosso do Sul, regido
produtora de cana-de-acucar, recorrentes desde o ano de 2009 (BARROS et al., 2010; KASSAB

et al., 2012), causando diversos prejuizos econdémicos para a pecuaria.

2.3 CRIACAO EM LABORATORIO DE S. calcitrans

Em condi¢bes de laboratorio, S. calcitrans demonstra uma melhor adaptacdo e
desenvolvimento em temperatura entre 25°C (+1), umidade relativa de 70% (£10) e fotoperiodo
de 12:12 horas (L/E) (BAILEY et al., 1975; GUILLES et al., 2005). Estudos como de Ashrafi
(1964) e Valgode & Azevedo (1992) optaram por um periodo de luz de 14 horas, pois o periodo
estendido intensifica a atividade reprodutiva, consequentemente aumentando a producéo de
ovos por coldnia. Em condigdes laboratoriais com temperatura de 26,7°C e umidade relativa de
80%, as larvas podem eclodir apds 24 horas de incubacédo e o periodo de pupa é de dois dias
(PARR, 1962).

Valgode e Azevedo (1992) relataram que o desenvolvimento de imaturos possui
dependéncia na variacdo de temperatura e dieta alimentar, sendo que para o desenvolvimento
pos-embrionario a temperatura ideal é de 25°C, se tornando inviavel em temperaturas acima de
35° C. Esse estudo concorda com Gilles et al. (2005) e Angulo & Leucona (2014), concluindo
gue quanto mais elevada a temperatura, menor serd o tempo de transicdo entre uma fase de
desenvolvimento e a seguinte, porém, diminui a pupacao.

A dieta alimentar das larvas deve mimetizar o ambiente natural em que essas se
encontram, contendo umidade e fermentacdo adequadas, sendo que na preparacéo do substrato,
autores como Barros et al. (2014), fazem uso de bicarbonato de sddio e 4gua no substrato larval
para que ocorra adequada fermentacdo para controle de umidade. Cancado et al. (2014)
concluiram que a maturacdo do substrato larval por 3 dias (72h) ofereceu melhores condicGes
para eclosdo, desenvolvimento larvar, pupacao e emergéncia de adultos.

Quanto a alimentacgdo de adultos de S. calcitrans, ndo ha diferenca no desenvolvimento

do diptero quanto ao fornecimento de sangue de origem bovina ou equina citratado (0,38%)
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(BARROS et al., 2014). Esse sangue deve ser fornecido através de algoddo, de uma a duas
vezes por dia, sendo que Salem et al. (2012) recomendam a administracdo em dois horarios
para que corresponda ao que ocorre na natureza.

A criacdo de mosca-do-estabulo em laboratdrio continua sendo um desafio, sendo que
no Brasil poucos laboratérios possuem col6nias para testes, nenhum deles situado no estado do
Rio Grande do Sul. Um dos locais que mantém uma coldnia de S. calcitrans em condi¢6es
laboratoriais propicias para realizacdo de bioensaios ¢ a Embrapa Gado de Corte, em Campo

Grande, MS, que conta com formas imaturas e adultas deste diptero (BARROS et al., 2014).

2.4 CONTROLE DE S. calcitrans

Para o controle de S. calcitrans varios métodos foram testados, incluindo inseticidas
sintéticos, controle bioldgico e armadilhas. A medida de controle deve comecar pelo adequado
manejo sanitario de dejetos, sendo essencial a remocéo de fezes e restos de alimentos dos locais
onde 0s animais encontram-se estabulados ou confinados, com o objetivo de diminuir a
multiplicacdo da mosca (NAKANO et al., 1973). Como explicam Barros et al. (2010), o
controle quimico sozinho ndo tera resultados satisfatorios se ndo for empregado junto ao manejo
adequado de dejetos.

Embora ndo permaneca muito tempo sobre o corpo do animal, a utilizacdo de inseticidas
topicos, principalmente em equinos, proporciona conforto e diminui o estresse, principalmente
em locais onde ha grandes concentracdes desse diptero. A utilizacdo de brincos contendo
inseticida organofosforado em bovinos ndo é uma alternativa adequada para a reducédo de S.
calcitrans, uma vez que a area de cobertura do brinco ndo atinge os principais pontos em que a
mosca-do-estabulo se alimenta, como abdémen e membros (HOGSETTE et al., 1987).

O uso continuo e repetitivo de inseticidas convencionais geralmente resulta no
desenvolvimento de resisténcia e problemas para a salde humana e meio ambiente
(BALDACCHINO et al., 2013). Na Europa e na América do Norte sdo descritos populacdes de
mosca-do-estabulo resistentes a organofosforados e piretroides (SALEM et al.,, 2012).
Campbell (1994) testou quinze inseticidas quimicos em forma de spray residual no animal e
spray para 0 ambiente. Desses, apenas trés apresentaram reducdo das infestacdes em 50% por
duas semanas ou mais, no entanto, em sua utilizacdo como spray no animal, apos sete dias, 0

namero de moscas era igual ou maior do que o encontrado no rebanho de tratamento controle.
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O actimulo de palha de cana apds a colheita e a utilizagdo do vinhoto como fertilizante
formam o ambiente ideal para a reproducdo em larga escala da mosca-do-estabulo. Sendo
assim, a queima profilatica da palha nas usinas sucroalcooleiras é uma alternativa de controle
emergencial utilizada para diminuir a proliferacdo da mosca antes de possiveis surtos. No
Brasil, a queima é regulamentada e autorizada, se for devidamente justificada, pelo 6rgéo do
Sistema Nacional do Meio Ambiente (BRASIL, 1998). Embora permitida, Cangado et al.
(2013a) relataram que a queima da palha nessas usinas vem sendo reduzida gradativamente por
conta da atual necessidade de autorizacdo dos 6rgdos ambientais competentes.

Além disso, existem alternativas de controle bioldgico da mosca-do-estabulo, tais como
a utilizacdo de aves na predacéo das larvas em usinas sucroalcooleira (ODA & ARANTES,
2010), uso de himenopteros parasitoides (RATCLIFFE et. al, 2002) ou Bacillus thuringiensis
(LYSYK et al.,, 2010). Porém a utilizacdo de controle bioldgico é questionavel, havendo
necessidade de estudos locais para que ndo ocorra um desequilibrio natural, com a eliminacéo
de inimigos naturais, como as formigas, predadoras das fases imaturas de S. calcitrans (LYSYK
etal., 2010).

2.5 CONTROLE ALTERNATIVO: OLEOS ESSENCIAIS

Em busca de novas opcdes para o controle de S. calcitrans sem uso de inseticidas
quimicos, estudos vem sendo realizados com repelentes e inseticidas naturais, particularmente
com compostos de 6leos essenciais. Os 6leos de citronela e eucalipto sdo utilizados como base
para repelentes spray no animal contra a mosca-do-estabulo e demonstram uma adequada
reducdo das mesmas no hospedeiro (BALDACCHINO et. al, 2013).

A pesquisa de metabdlitos secundarios de plantas é uma area de interesse atual, uma vez
que estes compostos sdo conhecidos por controlar insetos fitofagos e infecgbes por
microrganismos em vegetais (ISMAN, 2006; WINK, 1988). Oleos essenciais de plantas contém
em sua composi¢do quimica inimeros metabdlitos secundarios ativos, tais como: terpenos e
compostos aromaticos (BAKKALI et al., 2008). A acdo desses metabolitos independentes ou
em sinergia com outros compostos, é capaz de produzir efeito inseticida ou repelente, tornando-
os alvos de pesquisas para o desenvolvimento de novos farmacos (YANG et al., 2003).

A classe dos terpenos € a principal responsavel pelo desenvolvimento da atividade
inseticida de muitas plantas (REGNAULT-ROGER et al., 2012) e a auséncia de fitotoxicidade

bem como a biodegradabilidade dos produtos naturais caracterizam-0s como potentes agentes
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no manejo de pragas (XUAN et al., 2006). Dessa forma, os 6leos essenciais tém sido explorados
como potentes inseticidas para o controle de dipteros como as moscas (POHLIT et al., 2011,
AHBIRAMI et al., 2014).

O primeiro estudo referente ao uso de 6leos essenciais como repelente voltados a S.
calcitrans foi conduzido por Zhu et al. (2010), utilizando o éleo de erva-dos-gatos (Nepeta
cataria) em forma de cera, distribuida no solo proxima a &reas de alimentacéo de bovinos em
confinamento e resultou em 99% de repeléncia durante trés horas. Em 2012, Zhu et al.
utilizaram a mesma planta para avaliar a atividade repelente do 6leo sobre os bovinos e sua
influéncia sobre a oviposi¢do no ambiente, os resultados foram de 95% e 98% de eficacia
respectivamente, sendo que utilizado sobre o animal o 6leo permitiu protecéo por 6 horas.

Hieu et al. (2010) realizaram testes com 21 6leos essenciais em associacdo com o 6leo
da noz de Calophyllum inophyllum em comparacdo com o DEET (N,N-diethyl-3-
methylbenzamide) através de bioensaio realizado com a exposicdo da mdo de humanos
voluntarios em gaiolas de moscas. O dleo que garantiu melhor repeléncia isolado foi o de
patchouli (Pogostemon cablin), porém, 0 mesmo apenas atingiu tempo de prote¢do comparado
ao DEET quando usado em associa¢do com o 6leo de noz. Outros 6leos que apresentaram uma
forte repeléncia foram os de folha de cravo e raiz de gengibre e os que apresentaram menor
repeléncia foram o 6leo de gerénio, orégano e tomilho (HIEU et al., 2010)

Em outro estudo, Brito et al. (2012) avaliaram a atividade inseticida de diversos dleos
essenciais em adultos de Stomoxys calcitrans pelo método do papel impregnado. De acordo
com os resultados, foi obtido um efeito inseticida promissor para o controle da mosca-do-
estabulo, calculando inclusive as concentragdes letais (CLgs) dos 6leos. Os melhores resultados
foram de Cymbopogon schoenanthus (CLes= 5,51%), Eucalyptus staigeriana (CLgs= 4,03%),
Cymbopogon martinii (CLgs=5,72%), Lippia sidoides (CLgs=5,49%) e Mentha piperita (CLgs=
6,72%).

O dleo de capim-limdo (Cymbopogon citratus) também foi testado por Baldacchino et
al. (2013) como repelente a S. calcitrans através de rastreamento por video, acompanhando a
movimentacdo das moscas em uma gaiola disposta com dois substratos de sangue disponiveis,
um impregnado com 6leo e outro sem. Observou-se que as moscas hdo se alimentaram no

substrato tratado e permaneceram mais tempo fora da zona de tratamento.
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2.5.1 Oleo essencial de Melaleuca alternifolia

O dleo essencial de melaleuca é extraido de uma planta medicinal bastante utilizada
popularmente, conhecida como Tea tree ou cha de arvore e € um 6leo essencial destilado a partir
da planta nativa australiana Melaleuca alternifolia (Maiden and Betche) Cheel. Exemplar da
medicina tradicional aborigene da Australia, a planta era usada comumente para contusdes,
picadas de insetos e infeccbes de pele (BUDHIRAJA et al., 1999). Dentre as possiveis
propriedades descritas dessa planta pode-se citar: atividade antibacteriana, antiflngica,
antiviral, anti-inflamatoria e analgeésica, anti-neoplésica, inseticida e antiparasitaria (CARSON;
RILEY, 1993; HART et al., 2000; HAMMER et al., 2003; CALDEFIE-CHE'ZET et al., 2006;
BALDISSERA et al., 2014).

Este 6leo possui cerca de 100 compostos ativos diferentes, sendo seus principais
constituintes: terpinen-4-ol, 1,8-cineole, a-terpineno, y-terpineno, a-pineno, B-pineno, o-
terpineol, p-cimeno e alcoois sesquiterpénicos. Tanto a farmacopéia, quanto a ISO4730 exigem
que o Oleo utilizado comercialmente deva ser obtido por destilagdo a vapor e apresente um teor
minimo de 30% de terpinen-4-ol e um teor maximo de 15% de 1,8-cineole (HAMMER et al.,
2006). No entanto, existem variagdes quimiotipicas da planta, como a denominada “Var A”,
que possue teor de 41-63% de 1,8-cineole e 16-20% de terpinen-4-ol, tendo assim um teor alto
de dois monoterpenos conhecidos por possuirem atividade inseticida, ¢ a “Var B” com 54-64%
1,8-cineole e <6 de terpinen-4-ol (HOMER et al., 2000).

A existéncia de diferentes quimiotipos tem implicacGes para a industria do 6leo de
melaleuca. O Unico quimiotipo comercialmente significativo de M. alternifolia é o quimiotipo
classificado como "Tipo", que possui a menor concentracdo de 1,8-cineole, sendo amplamente
comercializado na Australia, Europa, e América do Norte (HAMMER et al., 2006). No entanto,
isso pode mudar no futuro e uma gama mais ampla de quimiotipos pode eventualmente ser
utilizada pela industria (HOMER et al., 2000).
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ABSTRACT

This study aimed at the effects of alfalfa hay as a substrate for the development and survival of
larval stages up to adult stage of the stable fly, Stomoxys calcitrans (Linnaeus, 1758) (Diptera:
Muscidae), in order to mimic their natural environment to maintain colonies in laboratory and
further conduct bioassays. For this, 65 eggs were collected from a colony established in
laboratory and placed on a larval substrate containing alfalfa hay (100g) and distilled water
(200ml), replicated six times. The mean number of days for egg hatching was 1.4 (x 0.5), the
larval period from L1 to L3 was 11.33 days (+ 1.75) and the pupal period was 5.83 days (+
0.51). The complete cycle from egg to adult was 18.66 days (+ 2.06). The mean larval viability
was 91.03% (+ 3.14), pupation 88.71% (+ 3.17) and the percentage of emergence (pupae to
adults) was 91.13% (z 3.0). The results obtained in the present work indicated that the use of
larval substrate with alfalfa hay allowed the development of immature stages of S. calcitrans in
laboratory, demonstrating good percentages of larval development, pupation and emergence of

adults.
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1. INTRODUCTION

Stomoxys calcitrans (Linnaeus, 1758) (Diptera: Muscidae) has been responsible for the
dissemination of pathogenic microorganisms to humans and domestic animals as a mandatory
blood sucking diptera, as well acting as an intermediate host of endoparasites (Valgode et al.,
1992). It affects mainly horses and cattle, and it is a cosmopolitan species, endemic in several
regions of Brazil, with a recurrent occurrence of outbreaks (Kassab et al., 2012). These
dipterans cause irritation due to their flight habit and have a painful sting, inducing defensive
and escape movements, resulting in loss of energy, stress, reduction of feeding time and total
consumption, consequently decreasing horse performance and production gains in cattle
(Baldacchino et al., 2013).

The creation of stable fly in laboratory remains a challenge, as in Brazil few laboratories
have viable colonies to perform bioassays. It has already been established that S. calcitrans
adults have a better adaptation and development at temperatures between 25 °C (£ 1), relative
humidity of 70% (x 10) and photoperiod of 12:12 hours (Bailey et al., 1975; Guilles et al.,
2005), being their diet based on citrated bovine or equine blood. Immature stages develop best
at temperatures of 26.7 °C (x 1) and relative humidity of 80% (Parr, 1962).

The food diet of larvae should mimic the natural environment in which they are found,
containing adequate moisture and fermentation, so in the preparation of the substrate authors
such as Barros et al. (2014) make use of baking soda and water for proper control of these
variables. However, most larvae diets for S. calcitrans consist of wheat flour, meat flour,
bicarbonate and sugar cane, as presented by Macedo (2001). Although it is known that S.
calcitrans has a preference for laying eggs and developing in decomposing organic and
vegetable matter (Soulsby, 1987). Studies that only use vegetable matter without
supplementation with flours are rare.

Thus, as we have observed frequent outbreaks of stable flies, increasingly interfering
with equine performance and Brazilian cattle ranching, the need for bioassays is increasing to
establish alternative methods of parasite control, making it necessary to maintain viable
colonies in laboratory. The objective of this work was to evaluate the development of colonies
created with alfalfa hay supply as the only larval substrate, in view of the lack of studies that

use vegetal matter and in order to mimic the conditions found in their natural environment.
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2. MATERIAL AND METHODS

The experiment was carried out in the Laboratory of Veterinary Parasitology of the
Department of Microbiology and Parasitology from Universidade Federal de Santa Maria. The
initial colony of S. calcitrans was obtained by the capture of adult specimens collected through
falcon tubes in horses located at Associagdo Equestre Universitaria de Santa Maria, both located
at Universidade Federal de Santa Maria (UFSM), state of Rio Grande do Sul, in the month of
October 2016.

After identification, the flies were transferred to transparent plastic cages (30 x 30 x 50
cm) and kept in an air conditioned room 27 (x 1 °C), 12:12 photophase and 70 (+ 10%) RH.
Adults were fed once a day with citrated equine blood (0.38% sodium citrate) supplied in gauze-
wrapped cotton placed in a glass available in a top corner of the cage and water at will. Besides,
after obtaining the second generation of adults in laboratory, additional feed was provided
consisting of brown sugar mixed with water, arranged in the same way as the blood.

For the posture, a petri dish containing moist alfalfa hay was placed in the center of the
cage. The eggs placed on the walls of the cage were carefully removed through a moistened
brush and transferred to petri dishes containing the larval substrate. The plate was then placed
in a clear plastic container (350ml) above a layer of sieved and sterilized sand. The pots were
sealed with organza fabric and tied for proper ventilation and observation of the larvae. After
completing their development the larvae of third instar (L3) directed themselves to the sand for
pupation, from where they were later collected by immersion in water and properly relocated
in a petri dish.

The alfalfa hay used in the bioassay was placed in identified brown paper bags and
autoclaved for proper sterilization. Afterwards, the bags were stored in an oven at 37 °C for
drying the leaves. The substrate was prepared in the proportion of 100 g of hay to 200 ml of
distilled water and stored in a partially closed plastic container, kept in the fly breeding room
at a temperature of 27 °C £ 1 and 70% + 10 RH for adequate fermentation.

For the test, eggs of third generation adult flies kept in laboratory were collected. Six
replicates were made, each of which had 65 eggs. Each petri dish containing the eggs was placed
on the dry, sterilized sand in a pot covered with organza tissue that allowed both larval
visualization and ventilation. The larval substrate was daily moistened through syringe jets

containing distilled water and 50 g of hay substrate was added on top of the existing one.



25

Larvae were analyzed daily and as they got to L3 (Figure 1) they were removed from
the substrate and proceeded to counting and weighing in an analytical balance. After this
procedure, the larvae were returned to the substrate in order for pupation to occur, ending the
cycle. The pupae were removed from the sand by immersion in water, dried on paper towel,
counted, weighed and placed in petri dishes in the center of the cage. After hatching, adult flies
were counted and analyzed visually and under stereomicroscope to identify morphological
changes.

The efficiency of alfalfa hay substrate diet was observed through the hatching time of
the eggs in days (d), the larval development in days (d), the interval between pupation and adult
emergence in days (d), viability (%), larval transformation to pupae (%) and pupal viability /

emergence of adults (%).

3. RESULTS AND DISCUSSION

Alfalfa hay is widely used as a food supplement for both livestock production and
equine animals. This leguminous hay is available in troughs or distributed on the field, but the
remains are not usually removed from the ambience and, in contact with humidity, form a
conducive environment for flies, such as S. calcitrans, to carry out their life cycle. It is known
that this diptera has a preference to lay eggs and develop in decomposing organic and vegetal
matter (Soulsby, 1987) and that the ingestion of cellulolytic bacteria is highly beneficial for its
larval instars (Gilles et al., 2008), however there were no studies on alfalfa hay for use in larval
diets.

Humidity and temperature are important factors in the creation of larvae, especially for
S. calcitrans, which does not tolerate extreme temperatures. Valgode and Azevedo (1992) study
points that, for post-embryonic development, the ideal temperature is 25 °C, becoming unviable
at temperatures above 35°C. For this reason, it was decided to keep the larvae at temperatures
of 27 °C = 1 and 70% = 10 RH and the use of organza tissue for adequate ventilation of the
medium, without raising the internal temperature of the vessel.

The use of sterilized and sifted sand, below the petri dish containing the substrate,
provided a favorable environment for the pupation of third instar larvae. According to Mello
(1989), larvae seek in their developmental substrate a place with adequate humidity conditions
to initiate puparium formation, thus the sand was changed whenever it presented high humidity
due to the movement of larvae before pupation period. It was rare to find pupae in the substrate,

since it contains a higher degree of humidity than that present in the sand, not conducive to
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pupation.

The mean egg hatching time was 1-2 days (Table 1), similar to results found by Mello
and Garcia (1998) under the same environmental conditions. Valgode and Azevedo (1992)
tested the egg phase at temperatures of 20 °C and 25 °C (55-75% RH) and obtained an
incubation period of 69.90 and 42.28 hours, respectively. Cancado et al. (2014) indicate 72
hours for favorable hatch performance for S. calcitrans. The mean between the larval period
was 11.3 days (£ 1.7) (Table 1), a higher mean than found in other experiments, such as Salem
et al. (2012), who found averages of 9.6 (+ 0.9) days. However, the mean in this experiment
from pupal to adult emergence was 5.8 days (£ 0.5) (Table 1), considerably lower than that
found by Salem et al. (2012) of 8.2 days (= 0.9).

The mean number of days between egg and adult was 18.66 (+ 2.06), a result similar to
that obtained by Valgode and Azevedo (1992), where the variation of days between the larval
and adult period was 16.35 (+ 2.88) at 25 °C and Salem et al. (2012) who found 19.2 (= 1.7) on
the same environmental conditions of the present study. Thus, even if the larval period was
higher in comparison to the others, the pupal period was reduced, making the complete cycle
very similar to what has already been observed with other larval diets.

The percentage of hatching was not verified, since this has direct relation with the adult
fly, by the process of copulation and oviposition, thus only the third instar larvae were counted
to verify the development in the larval substrate. In relation to this, larval viability can be
verified by percentage of S. calcitrans eggs submitted to the substrate of alfalfa hay that reached
third instar larvae, obtaining the result of 91.03% (+ 3.14) (Table 2). According to Sutherland
(1978), nutrition acts as a limiting factor in the development of immature forms of S. calcitrans,
transferring the inhibitory effect from one stage to the next.

Valgode and Azevedo (1992) used a larval diet based on sugar cane and wheat bran and
obtained viability of the larval stage of 70%, in contrast to studies such as Moura (2015), which
replaced part of the meat flour used in the standard larval diet by bovine faeces and reached the
result of 92.8% (x+ 6.1). Gilles et al. (2008) demonstrated in their studies that S. calcitrans larvae
have a great ability to digest cellulose and to take advantage of it, as well as bacteria resulting
from this digestion, providing enough nutrients for an adequate larval development, which
corroborates with the result obtained in the present work.

By means of adequate nutrition, good results can also be observed in the mean weight
of larvae and pupae, 16.3mg and 13.9mg respectively, and in the transformation of larvae into

pupae, with a mean of 88.71% (+ 3.17) (Table 2). Even though percentage is high and the
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weights are similar to results of Leite et al. (2013), the period between larva and pupa was the
one that obtained the most losses, being the most sensitive phase of the fly. However, when
using the diet formulated by Macedo (2001) composed of sugar cane (330 g), soybean meal
(125 g), meat flour (40 g), sodium bicarbonate (5 g) and distilled water (250 ml), Moura (2015)
obtained a percentage of only 55.9% (x 21.3), which contrasts with the results obtained in the
present work. Another important factor was the availability of dry sand near the substrate for
the larvae to migrate when it reached the pupation period, since the moisture requirements for
this period differ from that required for the larvae.

Viability of pupae, emergence of adults, averaged 91.13% (x 3.0) (Table 2), results
similar to those found by Sutherland (1978), who also states that the low quality of the larval
diet produces a decrease in the size of pupa and consequently low emergence of adults. Studies
using flour-based larvae diets, under environmental conditions similar to the present study,
obtained an average of 88% (Gingrich, 1960). In general, the pupae stage hardly suffers
significant losses reaching 95% emergency levels, as described by Kunz et al. (1997). However,
it is important to emphasize that in temperatures above 35 °C this percentage is reduced to 13%.

The creation of S. calcitrans in laboratory is important for supplying healthy flies for
use in bioassays, providing better, controlled conditions. Thus, larval substrates that mimic the
conditions found in the natural environment provide the development of large numbers of viable
diptera for laboratory tests. Results of the present work indicate that the use of larval substrate
made with alfalfa hay is conducive to development of immature stages of S. calcitrans in
laboratory, demonstrating good percentages of larval development, pupation and adult

emergence.
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Table 1 — Range and standard deviation (S.D.) of Stomoxys calcitrans development days in

laboratory conditions (27 °C = 1, 70% + 10 RH, 12:12 photophase) with supply of larval alfalfa

hay substrate.

DURATION (DAYS)
LIFE STAGES Range Mean (= S.D.)
EGG 1-2 1.4 (0.5)
LARVAL INSTARS 8-13 11.33 (1.75)
PUPA 5-6 5.83 (0.51)
EGG TO ADULT 14-21 18.66 (2.06)
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Table 2 — Range and standard deviation (S.D.) of percentage between the developmental
periods of Stomoxys calcitrans under laboratory conditions (27 °C + 1, 70% + 10 RH, 12: 12
photophase) with supply of alfalfa hay larval substrate.

PERCENTAGE (%)
LIFE STAGES Range Mean (£ S.D.)
FROM EGG TO LARVA 84.62 - 92.31 91.03 (3.14)
FROM LARVA TO PUPA 83.33 - 91.67 88.71 (3.17)

FROM PUPA TO ADULT 86.79 - 94.55 91.13 (3.0)




Figure 1 — Larvae of third instar of Stomoxys calcitrans in alfalfa hay substrate.
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ABSTRACT

The stable fly, Stomoxys calcitrans (Linnaeus, 1758) (Diptera: Muscidae), is a hematophagous
Diptera responsible for causing losses in performance and production in horses and cattle, as
well as causing health impacts through the spread of pathogenic microorganisms. Essential oils
are an alternative to replace conventional insecticides, which have caused resistant species and
damage to health and environment. The objective of this work was to investigate the insecticidal
activity of the oil obtained from Melaleuca alternifolia, with a high content of 1,8-cineole,
against adults of S. calcitrans. By the impregnated paper exposure method, it was possible to
observe that the treatments of 25 and 50 pg/cm? (p> 0.05) showed fumigant action. The
mortality rate in relation to the time of exposure to oil after treatments was better in comparison
to Diazinon between treatments of 25 and 50 pg/cm? (96.6 + 3.3% and 100 %, respectively)
in the first 15 minutes. By the superficial application method, the only treatment that showed
adulticidal action was 5% (p> 0.05). The toxicity, LCso (%; w/v), was 1.06 £ 0.02 and 3.82 +
0.65 for the impregnated filter paper and superficial application methods, respectively. Thus,
the essential oil of M. alternifolia has been shown to have an adulticidal potential against S.
calcitrans.
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INTRODUCTION

The stable fly, Stomoxys calcitrans (Linnaeus, 1758) (Diptera: Muscidae), is a
hematophagous diptera of veterinary and economic importance mainly for horses and cattle.
These insects are able to transmit a wide variety of pathogens, including helminths, bacteria,
protozoa and viruses, such as equine infectious anemia virus (Valgode, 1992; Green et al.,
1996). It affects both stabled and grazing animals, causing loss of energy, reducing feeding
time, total consumption and stress by their flight habit and painful sting, inducing defensive and
escape movements, consequently decreasing the performance of horses and production gains in
cattle due irritation (Baldacchino et al., 2013).

Currently, the control of this diptera is carried out through the use of synthetic
insecticides, however, there is an increasing interest in alternatives for control by natural and
biodegradable products in order to minimize environmental risks and risks to animal and human
health, aiming to circumvent resistance by chemical agents (Regnault-roger et al., 2012).

The essential oils of plants are among the control alternatives. Extensively tested to
evaluate their repellent and toxic properties against various species of insects and arthropods,
they show to have larvicidal properties (Zhu et al., 2006), pupicide and adulticide (Kumar et
al., 2012), as well as repellent attributes (Islam et al., 2009). These properties have been related
to the presence of bioactive chemical compounds, with monoterpenes being the predominant
group with insecticidal action (Regnault-roger et al., 2012).

Thus, the objective of this work was to evaluate the insecticidal action of an essential
oil obtained by hydrodistillation from the leaves of Melaleuca alternifolia Cheel (Myrtaceae)
collected in Santa Maria, RS, Brazil, with a high concentration of monoterpenes, mainly 1,8-

cineole, in adults of S. calcitrans.

MATERIAL AND METHODS
Obtainment of the flies and maintenance of colonies in the laboratory

Adult flies were collected through falcon tubes in equines from the Escola de Equitacdo
Universitaria de Santa Maria (EQUSM), located at Universidade Federal de Santa Maria. The
flies were kept in entomological cages (30cm X 30cm X 30cm) at 25 + 1 °C under a light/dark
cycle (12:12 H) and 70% + 5% relative air humidity until the tests were carried out. Feeding
consisted of citrated equine blood (0.38% sodium citrate). The blood was supplied in gauze
wrapped cotton placed inside a glass jar available in an upper corner of the cage and water at

will likewise.
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Extraction and analysis of essential oil

The essential oil was obtained from the leaves of trees of Melaleuca alternifolia,
popularly known as tea tree, aged three years, planted in the municipality of Santa Maria, Rio
Grande do Sul, Brazil. The leaves were identified, herborized and a specimen has been
deposited in the SMDB Herbarium (registration number: 17.259). Clevenger apparatus was
used to extract it for 3 hours (European Pharmacopoeia, 2007) and the oil obtained was stored
in amber flasks at a temperature of 10 °C until analyzes and bioassays were performed.

The analyzes were performed on an Agilent 7890A hyphenated system, equipped with
a 5975C series selective mass detector on DB-5MS fused silica capillary column (5%
phenylmethylsiloxane, 30 mx 0.25 mm, film thickness: 0.25 pm) and ionization by electron
impact at 70 eV. Parameters of analysis: split inlet 1:50; Carrier gas: He (1mL /min); injector
and detector temperature: 250 ° C, analysis program: 40 ° C (Ti) for 4 min, 40-320 °C, 4 °C/min.
The components were identified based on the retention index (IR) determined using a
calibration curve of a homologous series of n-alkanes (C8-C40) injected under the same
chromatographic conditions of the samples and in the spectra fragmentation models of masses,
both of which are compared with literature data and equipment spectra (Adams, 2009; NIST,
2008). The guantitative analysis was performed by integrating the peak areas and expressed as

a relative percentage of the total.

Adulticidal bioassays
Method of Exposure to Impregnated Paper

The bioassay was performed according to methodology proposed by Sheppard & Hinkle
(1987) with modifications. The essential oil was diluted in Tween (1%) to obtain the following
concentrations: 5, 10, 25 and 50 pg/cm?. These different concentrations were impregnated on
the filter paper, which was exposed to the environment for 15 minutes for solvent evaporation.
Subsequently, the paper containing the impregnated oil was placed in petri dishes and above it
a mesh was fitted, so that there was no direct contact of the flies. Adult flies (n = 10), previously
anesthetized at a temperature of -18 °C for 140 seconds, were relocated in the petri dishes and
exposed for a total of two hours. The negative control and positive control group was formed
by Tween (1%) and Diazinon (1%), respectively, and were evaluated. All groups were
evaluated in triplicate and analyzed at predetermined times (15, 30, 45, 60, 90 and 120 minutes)

after treatment.
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Adulticidal activity and mortality rates were evaluated in relation to time. From the
evaluations carried out, it was possible to determine the toxicological values of melaleuca oil
that were defined from the LCso (%; w/v), which represents the lethal concentration necessary

to obtain a 50% mortality in the study population.

Surface Application Method

Topical toxicity was assessed according to Sukontason et al. (2004) with some
modifications. The capture and separation of the flies was done through 15 ml falcon tubes, and
10 insects were packed per tube. The tube opening was closed with a cotton swab to allow the
gas exchange between the interior of the tube and the environment. The flies, already in the
tubes, were pre-anesthetized at a temperature of -18 °C for 140 seconds and after that it was
applied 3 ul of the oil dilutions (0.5, 1, 2.5, 5 %, w/v) in Tween (1%) at their thorax. In the
same volume, Tween (1%) was applied to analyze whether the solvent had an insecticidal effect
or not. For comparative purposes, the organophosphate Diazinon (1%) was used as a positive
control. In the assay, 3 replications containing 10 flies per replication were performed and
evaluated for number of deaths for predetermined times for a total of 2 h (15, 30, 45, 60, 90 and
120 minutes) after treatment. In addition to the adulticidal activity, the mortality rate was also

evaluated in relation to the time of exposure to the oil after the treatments, as well as LCso.

Statistical analysis

Statistical analyzes were performed by analysis of variance with significance level (p
<0.05). All variables were previously analyzed for normality and homogeneity with the
Shapiro-Wilk and Bartlett tests, respectively. The differences between the groups were
evaluated with the SNK test with 5% significance. Data were expressed as mean * standard

deviation of the mean.

RESULTS
Essential oil extraction and analysis

Eleven components were identified in the essential oil of M. alternifolia, representing
98.05% of the total composition. The main compounds present were 1,8-Cineole (50.26%), 1-
Terpinen-4-ol (20.53%) and y-Terpinen (9.14%), as indicated in Table 1.
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Method for exposure to impregnated paper

In this experiment, the objective was to verify the fumigant effect and it was possible to
observe this activity in S. calcitrans between treatments. The negative control using Tween
(1%) can be validated since there was no insecticidal action on the flies. Both negative control
and treatments of 5 and 10 pg/cm? did not show adulticidal effect (p <0.05, for both), while
Diazinon and treatments of 25 and 50 pg/cm? demonstrated the action, with no difference
between these treatments (p > 0.05, for all) (Table 2).

Regarding the mortality rate in relation to the time of exposure to the oil after the
treatments, it can be observed that the treatments of 25 and 50 pg/cm? obtained a higher and
faster mortality rate when related to the positive control Diazinon. Both treatments of 25 and
50 pg/cm? reached 96.6 + 3.3% and 100% in the first 15 minutes, respectively, while Diazinon
obtained only 73.3 + 17.6%. After 30 minutes, both treatments and positive control obtained
100% mortality (Table 2).

The toxicological values of melaleuca oil were defined from the LCso (%; w/v) which
represents the lethal concentration required to obtain 50% mortality from the study population.
In this case the LCso (%; w/v) was 1.06 + 0.02 (Table 4).

Method of superficial application

Negative control and treatments 0.5, 1 and 2.5% (w/v) showed a low adulticidal action
in relation to Diazinon and the treatment of 5% (p <0.005, for all). The 5% treatment showed
adulticidal action, similar to the positive control, Diazinon (p> 0.05, for both) (Table 3).

It can be observed that the 5% treatment obtained a comparative mortality rate with the
Diazinon positive control (1%) only at 120 minutes, that is, at the end of the 2 total test hours.
This percentage means that the adult fly received 125 ng of oil on its thorax, of the total of 3
uL applied. The LCso lethal concentration (%; w/v) was 3.82 + 0.65, showing a good
toxicological percentage (Table 4).

DISCUSSION

The quantification of the components found in the essential oil obtained from specimens
of M. alternifolia planted in Santa Maria, Rio Grande do Sul, Brazil, indicated that the oil is not
fit for commercialization (ISO4730), since the requirement is that there is a minimum 30%
terpinen-4-ol and a maximum content of 15% 1,8-cineole (Hammer et al., 2006). However, the

existence of plants with different chemotypes is common, and Homer et al. (2000) report great
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natural variation found in M. alternifolia plants in Australia. Among the variations found, the
oil used in the present study corresponds to the group called "Var A", where terpinen-4-ol
values are between 16-20% and the major compound is 1,8-cineol, with 41 -63% (Homer et al.,
2000).

Although there is evidence of ontogenetic variation in oil composition (Southwell and
Stiff, 1992) and seasonal and diurnal variation in the quantitative characteristics of the oil
(Murtagh and Etherington, 1990), most variations are considered under genetic rather than
environmental control. In addition, as a secondary metabolic product, the oil is susceptible to
variations due to metabolic deficiency or competitive function, as Edwards et al. (1990), where
the need for insect resistance may result in the directional selection of specific terpenes that are
more toxic to them, such as 1,8-cineol in Eucalyptus rnelliodora.

Thus, although it is not indicated for commercialization, M. alternifolia oil containing
levels above the recommended 1,8-cineole and between 16-20% terpene-4-ol can be considered
for use since it combines two monoterpenes with insecticidal potential. For example, both
terpinen-4-ol and 1,8-cineole inhibit acetylcholinesterase in insects (Mills et al., 2004; Lopez
& Pascual-Villalobos, 2010). Moreover, another mechanism of action of 1,8-cineole is due to
its binding at the gamma-aminobutyric acid receptor (GABA), which prevents inhibition of the
neurotransmitter thereby causing the insect's death through neuromuscular hyperexcitation
(Tong & Coat, 2012).

The test performed with impregnated paper showed dose-dependent adulticide and
fumigant effect at concentrations of 25 and 50 pg/cm? when compared to the positive control
with Diazinon (1%). Both concentrations caused a mortality of 100% of adult S. calcitrans flies,
with a concentration of 50 pug/cm? higher than the chemical pesticide, since it obtained a higher
percentage of mortality in less time (T = 15 min). In this case, it is possible that the result of the
fumigant activity obtained is an isolated effect of one of the compounds present in the essential
oil of M. alternifolia or due to a joint action between 1,8-cineole and terpene-4-ol (Palacios et
al., 2009).

Bandeira et al. (2010) performed a similar test with impregnated paper, using 9 essential
oils against stable fly, diluted in 11 concentrations, and obtained results with promising
insecticidal effects with Eucalyptus staigeriana oils, Cybopogon maytini, Lippia sidoides and
Mentha piperita. However, the concentration that reached these insecticidal results was not

specified, which makes it difficult to compare them with the present work.
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In relation to the test of superficial application of oil in adult flies, concentrations of 0.5,
1 and 2.5% were not lethal. However, 5% showed adulticidal action in relation to the positive
control with Diazinon (1%). This concentration corresponds to 125 pg of the oil applied on the
thorax of the adult fly. The compound 1.8-cineole has already been evaluated in Musca
domestica by the same method of Sukontason et al. (2004). The toxic concentration was 118
pg/insect for males and 177 pg/insect for females. According to these authors, the difference in
toxicity of the compound between the genera may be justified by the size of the insect, since
the female is larger and consequently a larger amount of oil is required for the adulticidal effect
to occur. In contact toxicity bioassays using Nepeta cataria essential oil, Zhu et al. (2011)
observed mortality rates of 65-68% at the dose of 12.5 pg/fly and higher mortalities with 25
pg/fly at 2, 4 and 6 h after treatment, demonstrating that the oil, as in the present study, is dose-
dependent.

The toxicological values of the topical application test and the impregnated paper, after
the first 15 minutes of evaluation, were LCso (%; w/v) 3.82 + 0.65 and 1.06 + 0.02, respectively.
This difference between the techniques used was also observed by Rice and Coats (1994) who
compared the method of surface application with the fumigant effect of 22 monoterpenoids
against M. domestica and obtained values of LCso between 33 and 500 pg/insect for the
application and LCsp values between 1.12 and 142 pg/cmz2 in the impregnated paper exposure
method. These data should be taken into account, because the higher the concentration, higher
is the amount of material needed to achieve the desired effect.

The lower value of LCsg in the test with impregnated filter paper may be related to the
1,8-cineole content present in the M. alternifolia in question, since Rossi and Palacios (2013)
evaluated the compound in a M-fumigation test and verified the occurrence of greater
absorption of the same from its identification and quantification in the insect. This is due the
fact that the absorption is higher for some types of compounds, because its chemical structure
influences the increase of the vapor pressure on the insect and the lipophilicity favors the
penetration increasing its bioavailability and contributing to a better fumigant action (Rice and
Coats, 1994).

In a more recent study, Brito et al. (2012), evaluates the insecticidal activity of the 9
essential oils in adults of S. calcitrans by the same impregnated paper method, in concentrations
between 0.5 and 10%. According to the results, there was a promising insecticidal effect with
Cymbopogon schoenanthus (LCgs=5.51%), Eucalyptus staigeriana (LCg5=4.03%),
Cymbopogon martinii (LCg5=5.72%), Lippia sidoides (LCgos= 5.49%) and Mentha piperite
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(LC95=6.72%). However, the reading was only 2 hours after the flies were exposed to the
treatment. For the comparative purposes, the present study evaluated the lethal concentration in
the first 15 minutes and obtained an insecticidal effect with M. alternifolia oil of LCso 1.06 +
0.02 (%; wiv).

Studies such as from Hieu et al. (2013) show that compounds such as citronellal, neral,
linalool, piperitone, 1,8-cineole, linalool and terpinen-4-ol, have 83-86% repellent action in
stable fly. Among the components, terpinen-4-ol shows similar repellent activity to citronellal,
and greater repellency than those of geraniol and terpineol. This result supports the idea that
the structure of the monoterpenoids play a significant role in the repellency of S. calcitrans, as
well as their relationship to fumigant toxicity.

Thus, with restrictions on the use of some insecticides, such as organochlorines,
organophosphates and pyrethroid, for their effects on human and animal health (Kolaczinski &
Curtis, 2004) and at the environment (Ramwell et al., 2009), and the growing interest in organic
farming practices, such as alternatives approaches to the management of ectoparasites, the M.
alternifolia essential oil with a content of 50.26% 1,8-cineole and of 20.53% terpien-4-ol was
found to have insecticidal activity against adults of the stable fly. By acting in synergy or
isolated, the compounds have the potential to carry out new studies, aiming at their use in

animals, in traps, and in the environment, providing a better integrated control of S. calcitrans.
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Table 1. Chemical composition of Melaleuca alternifolia. Where RT =retention time; CKI =
Calculated Kovats Index; LKI= Literature Kovats Index (NIST, 2008 (Mass spectral library);
Adams, 2009); NI= non-identified compound.

Peak  RT(min) Constituent CKI LKI Ref. %
1 10.82 a-Pinene 926 935 Nist 2.53
2 12.63 Sabinen 969 971 Nist 0.77
3 13.22 Myrcene 984 986 Nist 1.10
4 14.29 2-Carene 1010 1010 Nist 4.03
5 14.79 Limonene 1022 1027 Nist 4.97
6 14.89 1,8-Cineole 1025 1028 Nist 50.26
7 15.96 y-Terpinen 1052 1053 Nist 9.14
8 17.05 NI 1078 _ _ 1.20
9 20.68 1-Terpinen-4-ol 1173 1173 Nist 20.53
10 21.22 Terpineol 1187 1190 Nist 4.73
11 31.29 NI 1486 0.75

Total identified 98.05
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Table 2. Adulticidal activity of Melaleuca alternifolia essential oil (average number of deaths
+ standard deviation) in Stomoxys calcitrans by impregnated paper test at different
concentrations of oil (5, 10, 25 and 50 pg/cm?) (n=10, in triplicate for each group).

Concentration Mortality (%)
(uglem?)
Time (min) 15 30 45 60 90 120
Negative control O0a O0a O0a Oa O0a O0a
Diazinon (1%) 73.3t17.6 b 100 b 100 b 100 b 100 b 100 b
OL5 3.3+33a 10+5.7 ¢ 20+10c  23+6.6c 26.6+3.3c 5045.7c
0oL 10 43.3+6.6c  63.3+3.3d 63.3+3.3d 70+5.7d 73.3+8.8d 80+10d
OL 25 96.6+3.3 b 100 b 100 b 100 b 100 b 100 b
OL 50 100+ b 100 b 100 b 100 b 100 b 100 b

*Post hoc analysis: significant differences (p <0.05) between treatments are indicated by
letters.
OL, Melaleuca alternifolia essential oil
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Table 3. Adulticidal activity of Melaleuca alternifolia essential oil (average number of
deaths + standard deviation) in Stomoxys calcitrans by surface application at different
concentrations of oil (0.5, 1, 2.5 and 5%) (n=10, in triplicate for each group).

Concentration

Mortality (%)

(%) Time

(min) 15 30 45 60 90 120
Negative control O0a O0a Oa O0a Oa 3.3t3.3a

Diazinon (1%) 83.3+8.8b 100 b 100 b 100 b 100 b 100 b
OL 0.5% Oa Oa Oa 3.3+3.3a 6.6£3.3a 10+57a
OL 1% 3.3£3.3 a 6.6+6.6 a 6.6+6.6a 13.3+6.6a 13.3+6.6a 13+6.6a
OL 2.5% 16.6+12a 20+115a 26.6¢6.6c 36.648.8c 36.648.8c 40+11.5c
OL 5% 73.346.6b 73.3#6.6c 76.6+¢3.3d 80+5.7d 83.3+3.3d 93+6.6b

*Post hoc analysis: significant differences (p <0.05) between treatments are indicated

letters.

OL, Melaleuca alternifolia essential oil
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Table 4. Lethal concentration of Melaleuca alternifolia essential oil against Stomoxys
calcitrans adults after a 15 minutes period by superficial application method and from
exposure to impregnated paper.

Melaleuca Superficial application Impregnated paper
LCso (%0;w/V) 3.82 £0.65 1.06 £ 0.02
Slope+SE 3.74+0.79 422 +1.03
X2 0.8953 0.9796
N 12 12

* | C%, Lethal concentration
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4. DISCUSSAO

Sabe-se que a S. calcitrans passa pouco tempo sobre o hospedeiro e mais no ambiente,
sendo que os locais utilizados para reproducdo sdo aqueles onde ha vegetacdo em decomposicao
(GILLES et al., 2005). Locais com acumulo de restos de alimentacdo dos animais, tais como
feno de alfafa, sdo responsaveis por gerar cerca de 80% dos instares imaturos da mosca-do-
estabulo (SKODA etal., 1991). Em vista disso, a escolha de usar o feno de alfafa como substrato
larval na criacdo desta mosca em laboratorio, esta relacionado principalmente a mimetizacdo
do ambiente onde as larvas e pupas sdo encontradas, tornando pesquisas futuras de controle
mais fidedignas ao ambiente natural da S. calcitrans.

Muitos estudos abordam a criacdo da mosca-do-estabulo em laboratério, no entanto,
possuem foco maior nas condi¢cOes de temperatura e umidade (BAILEY et al., 1975;
VALGODE & AZEVEDO, 1992; GUILLES et al., 2005; ANGULO & LEUCONA, 2014).
Poucos abordam a alimentacdo dos instares larvais, sendo que a maioria dos autores utiliza
mistura de farinhas, apesar da matéria vegetal ser o principal substrato natural para as larvas.
Uma particularidade do presente estudo, comparado aos demais, € que apenas o uso de feno de
alfafa foi suficiente como substrato larval, demonstrando bons percentuais de desenvolvimento
larval, pupacdo e emergéncia de adultos, sendo possivel a sua utilizacdo na criacdo da mosca-
do-estabulo em laboratorio.

A necessidade de formar uma col6nia em laboratdrio esta relacionada, principalmente,
ao fato de que o controle da S. calcitrans ndo foque apenas no adulto, mas sim, também, em
seus instares imaturos. A aplicacdo de inseticidas contra a mosca-do-estabulo resulta apenas em
controle marginal e para que ocorra um manejo eficiente é necessario que os métodos de
controle sejam integrados (ZHU et al., 2010), ou seja, a manutencdo da colbnia servira
principalmente para a realizagdo de testes em seus instares imaturos, voltados a aplicagédo no
ambiente de criacdo da mosca. No entanto, a escolha de instares adultos para a realizacdo do
segundo ensaio ocorreu devido a maior disponibilidade dos mesmos. Embora a criacdo das
moscas em laboratério tenha sido estabelecida, o tempo para que se complete um ciclo € longo
e por esse motivo nao foram utilizados no segundo estudo as moscas provenientes da coldnia
desenvolvida no laboratoério, apenas moscas capturadas e mantidas em coldnia até a realizagdo
dos testes.

A opcéo do teste com 6leo essencial ocorreu devido ao fato de que ja existem restri¢cdes
ao uso de alguns inseticidas sintéticos, como organoclorados, organofosforados e piretroides,
por seus efeitos adversos sobre a saide humana, animal (KOLACZINSKI & CURTIS, 2004) e
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ao meio ambiente (RAMWELL et al., 2009). Além disso, 0 uso de Gleos essenciais no controle
de ectoparasitas de importancia veterinaria é uma area que possui potencial consideravel para
o futuro e pesquisas com seu uso ainda estdo em fase inicial.

O O6leo de melaleuca ja possui propriedades descritas, dentre elas: atividade
antibacteriana, antifungica, antiviral, anti-inflamatoria e analgeésica, anti-neoplasica, inseticida
e antiparasitaria (CARSON;RILEY, 1993; HART et al.,, 2000; HAMMER et al., 2003;
CALDEFIE-CHE'ZET et al., 2006; BALDISSERA et al.,2014). O dleo comercializado
conforme a 1SO4730 tem teor minimo de 30% de terpinen-4-ol e um teor maximo de 15% de
1,8-cineole (CARSON, 2006). No entanto, pela disponibilidade de exemplares de M.
alternifolia plantados em Santa Maria, RS, e custo elevado do 6leo comercial, optou-se pela
sua extracdo local. Os exemplares da planta foram devidamente identificados e registrados no
herbario SMDB da Universidade Federal de Santa Maria, pelo nimero 17.259. A variacao
presente na caracterizacao do 6leo de melaleuca local, ndo condiz com a comercial, no entanto
é classificada como “Var A”, onde os valores de terpien-4-ol ficaram entre 16-20% e o
composto majoritario foi o 1,8-cineole, com 41-63% (HOMER et al., 2000).

Assim, embora ndo tenha indicacdo para o comércio, o 6leo de M. alternifolia que
contenha niveis acima do recomendado de 1,8-cineole e entre 16-20% de terpien-4-ol, pode ser
considerado para utilizacdo, ja que une dois monoterpenos com potencial inseticida, sendo que
ambos terpinen-4-ol e 1,8-cineole, inibem a acetilcolinesterase nos insetos (MILLS et al., 2004;
LOPEZ & PASCUAL-VILLALOBQOS, 2010), além do ultimo agir sobre os receptores acido
gama-aminobutiricos (GABA), causando a morte dos insetos por hiperexcitacdo neuromuscular
(TONG & COAT, 2012). A eficécia inseticida muitas vezes é atribuida apenas ao componente
majoritario do 6leo, porém ha evidéncias de que os varios componentes possam funcionar em
sinergia (YANG et al., 2003). O presente estudo corrobora com esta possibilidade, uma vez que
0 Oleo de M. alternifolia obtido apresentou acdo inseticida adulticida frente a mosca-do-

estabulo.
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5. CONCLUSAO

Com base nos resultados obtidos, concluiu-se a partir do primeiro estudo que a utilizagao
do feno de alfafa como substrato larval foi capaz de desenvolver o ciclo completo de S.
calcitrans em laboratério, obtendo-se bons percentuais de desenvolvimento larval, pupacédo e
emergéncia de adultos. Além disso, a padronizacdo desta nova alimentacdo para as larvas
permitiu a reducdo dos custos da manutencdo da colonia, bem como a reducdo do tempo
utilizado na preparacéo do substrato quando comparado com o método comum.

Quanto ao segundo estudo realizado, o 6leo essencial de M. alternifolia, com alto teor
de 1,8-cineole (50.26%) e de terpien-4-ol (20.53%), apresentou-se como uma alternativa na
utilizacdo de inseticidas sintéticos, uma vez que demonstrou possuir atividade inseticida
adulticida frente a mosca-do-estabulo. Este resultado corrobora com o conceito de que a
estrutura dos monoterpenoides, compostos majoritarios no 6leo em estudo, desempenha um

papel significativo na acdo inseticida contra S. calcitrans.
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ANEXO A. Ficha de registro do exemplar de Melaleuca alternifolia
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. 7
Herbario SMDB
UFSM

HERBARIO SMDB - JBSM

CCNE - UFSM
Santa Maria - RS - Brasil

N°: 17.259

Familia: Myrtaceae

Melaleuca alternifolia Cheel

Col: Silvia Gonzalez Monteiro

Det: Silvia Gonzalez Monteiro

Data: 18/12/2017
Data: 18/12/2017

Local: Brasil, RS, Santa Maria, em direcdo a Silveira Martins. Chacara da
Profa. Silvia Gonzalez Monteiro.

OBS: Material testemunho de Dissertacdo em Medicina Veterinaria. Aluna:
Janaina Brand Dillmann. Orientadora: Profa. Silvia Gonzalez Monteiro.
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CERTIFICADO

Certificamos que a proposta intitulada "AVALIACAO DE OLEOS ESSENCIAIS NO CONTROLE DE Stomoxys calcitrans”, protocolada sob
o CEUA n2 6762190917, sob a responsabilidade de Silvia Gonzalez Monteiro e equipe; Janaina Brand Dillmann; Leticia dos
Santos Petry; Luciana Cossetin; Marjorie de Giacometi; Pamela Daniele Avrella - que envolve a produgao, manutengao e/ou
utilizacao de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem), para fins de pesquisa cientifica ou ensino
- estd de acordo com os preceitos da Lei 11.794 de 8 de outubro de 2008, com o Decreto 6.899 de 15 de julho de 2009, bem como
com as normas editadas pelo Conselho Nacional de Controle da Experimentacao Animal (CONCEA), e foi aprovada pela Comissao
de Etica no Uso de Animais da Universidade Federal de Santa Maria (CEUA/UFSM) na reunido de 28/09/2017.

We certify that the proposal "EVALUATION OF ESSENTIAL OILS IN CONTROL OF Stomoxys calcitrans", utilizing 6 Equines (males and
females), protocol number CEUA 6762190917, under the responsibility of Silvia Gonzalez Monteiro and team; Janaina Brand
Dillmann; Leticia dos Santos Petry; Luciana Cossetin; Marjorie de Giacometi; Pamela Daniele Avrella - which involves the
production, maintenance and/or use of animals belonging to the phylum Chordata, subphylum Vertebrata (except human beings),
for scientific research purposes or teaching - is in accordance with Law 11.794 of October 8, 2008, Decree 6899 of July 15, 2009, as
well as with the rules issued by the National Council for Control of Animal Experimentation (CONCEA), and was approved by the
Ethic Committee on Animal Use of the Federal University of Santa Maria (CEUA/UFSM) in the meeting of 09/28/2017.

Finalidade da Proposta: Pesquisa (Académica)

Vigéncia da Proposta: de 11/2017 a 02/2018 Area: Microbiologia E Parasitologia

Origem: Né&o aplicavel biotério

Espécie: Equideos sexo: Machos e Fémeas idade: 5 a 20 anos N: 06
Linhagem: SRD Peso: 450 a 550 kg

Resumo: A mosca-dos-estabulos, Stomoxys calcitrans, pertencente a familia Muscidae, género Stomoxys, é um diptero hematéfago
responsavel por provocar perdas produtivas e de desempenho em equinos e bovinos, além de causar impactos sanitarios através
da disseminagdo de microrganismos patogénicos. Atualmente, o controle do diptero conta com inseticidas sintéticos, manejo
sanitario, controle bioldgico e armadilhas, porém, nenhum desses métodos isoladamente se mostra eficaz. Os frequentes surtos no
Brasil, relacionados a expansdo das usinas sucroalcooleiras, demonstram a necessidade de busca por alternativas ao controle
convencional, sendo que os dleos essenciais tém sido amplamente estudados em relacéo as suas atividades inseticidas. Neste
sentido, o presente estudo considera que os dleos de Syzygium aromaticum e Melaleuca alternifolia podem constituir uma
alternativa para o controle da espécie Stomoxys calcitrans. Com o objetivo de contribuir para o desenvolvimento de uma
formulagéo contendo um produto natural para o controle da mosca-dos-estabulos, este trabalho pretende investigar a atividade
inseticida e repeléncia dos 6leos essenciais frente as moscas adultas.

Local do experimento: Escola de Equitacao Universitaria de Santa Maria (EQUSM) e Laboratério de Parasitologia Veterinaria

Santa Maria, 15 de dezembro de 2017
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