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RESUMO

O presente trabalho comparou a eficiéncia de trés diferentes equipamentos de aplicacdo de
acaricidas no controle de Rhipicephalus microplus. Dois experimentos comparativos foram
realizados. Para comparar os equipamentos, foi utilizado um acaricida contendo trés
principios ativos (um piretroide e dois organofosforados). No experimento 1 foram testados
trés equipamentos: pulverizador costal (BS), pulverizador de alta pressdo (HPS) e
pulverizador autométizado (AS). No experimento 2, dois dispositivos foram testados: BS e
HPS. Em ambos os experimentos, foram utilizados 10 bovinos por grupo amostral com carga
de carrapatos semelhante. No dia 0, em ambos 0s experimentos, 0os animais foram tratados
com o acaricida, exceto o grupo controle. Nos dias +1 (somente experimento 1), +3, +7, +14,
+21, +28 e +35 (somente experimento 2), foi realizada contagem de carrapatos para
determinar a eficacia do controle. O tempo de aplicacdo, pressdo (KPa) e volume aplicado
(L) em cada sistema de pulverizagdo também foram avaliados. O teste de imers&o em adultos
(AIT) utilizando trés diferentes acaricidas a base de piretroide e organofosforado foi
realizado para comparar a suscetibilidade das cepas de cada fazenda. No experimento 1,
todos os tratamentos reduziram significativamente (p < 0,05) o nimero de carrapatos nos
animais, porém, o HPS proporcionou melhor eficicia do acaricida desde o dia +1. No
experimento 2, ambos 0s tratamentos reduziram (p < 0,05) a carga de carrapatos, porém o
HPS resultou em reducdo mais acentuada. O tempo de aplicacdo foi de 4,5, 150 e 330
segundos, enquanto a pressao foi de 306,8, 4.826,3 e 172,4 — 220,6 KPa para AS, HPS e BS,
respectivamente. No AIT as eficécias observadas ficaram entre 99,8 - 100% para a cepa da
fazenda do experimento 1, enquanto ficaram entre 67,2 - 80,9% para a cepa da fazenda do
experimento 2. Concluimos que o dispositivo de aplicacdo influencia na eficacia do
acaricida. Todos os trés pulverizadores foram eficientes para aplicacdo de acaricida; a
melhor eficacia foi obtida com o HPS, enquanto o AS apresentou eficacia satisfatoria, mas
com menor tempo de aplicacdo, e a linhagem da fazenda do experimento 1 foi mais
suscetivel para todos os acaricidas testados.

Palavras-chave: pulverizador automatizado, bomba costal, carrapato bovino, pulverizador
de alta pressao.
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ABSTRACT

The present work compared the efficiency of three different equipment for acaricides application
to control Rhipicephalus microplus. Two comparative experiments were performed. To compare
the equipment, an acaricide containing three active ingredients (one pyrethroid and two
organophosphate) was used. In experiment 1, three devices were tested: backpack sprayer (BS),
high pressure sprayer (HPS) and automated sprayer (AS). In experiment 2, two devices were
tested: BS and HPS. In both experiments, 10 bovines with similar tick burden were used. In day
0, both experiments, the animals were treated with the acaricide. On days +1 (only experiment 1),
+3, +7, +14, +21, +28 and +35 (only experiment 2), ticks count was performed to determine the
efficiency of control. The application time, pressure (KPa) and volume applied (L) in each
spraying system were also evaluated. Adult immersion test (AIT) using three different acaricides
based on pyrethroid and organophosphate was performed to compare the susceptibility of strains
from each farm. In experiment 1, all treatments reduced significantly (p < 0.05) the number of
ticks on animals, however, the HPS showed better efficacy of the acaricide since day +1. In
experiment 2, both treatments reduced (p < 0.05) the tick burden, however the HPS resulted in
more accentuated reduction. The application period was of 4.5, 150 e 330 seconds, while pressure
was of 306.8, 4,826.3 and 172.4 — 220.6 KPa for AS, HPS and BS, respectively. In the AIT the
observed efficacies were between 99.8 - 100% for the strain of the farm of the experiment 1, while
were between 67.2 - 80.9% for the strain from the farm of experiment 2. We conclude the
application device influences the efficiency of the acaricide. All three sprayers were efficient for
acaricide application; the best efficiency was obtained using the HPS while the AS showed a
reliable efficiency with lower application period and the strain of the farm of the experiment 1 was
more susceptible for all acaricides tested.

Key words: Automatic sprayer, backpack sprayer, cattle tick, high pressure sprayer.
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1. INTRODUCAO GERAL

O Brasil € 0 segundo maior produtor mundial de carne bovina, atrds apenas do EUA,
conforme o relatorio anual da Associacdo Brasileira das Industrias Exportadoras de Carne de
2020%. Encerrou o ano de 2019 registrando movimentacio total pela pecuaria de corte em R$
618,50 bilhdes (8,5% do PIB nacional), com 213,68 milhGes de cabecas de gado, registrando 43,3
milhdes de abates e uma exportacdo de 535.254 animais vivos. O pais foi ainda, o quarto maior
produtor mundial de leite, com 25,01 bilhGes de litros registrados no ano de 2019, segundo o
Anudrio Leite 2020 da Embrapa 2. Dos estados brasileiros, Goias fechou 2019 com o segundo
maior rebanho, atras apenas de Mato Grosso, com 22.430.742 milhGes de cabecas de gado,
correspondendo a quase 10,5% do montante nacional % 2.

O carrapato Rhipicephalus (Boophilus) microplus (Canestrini, 1888) (Acari: Ixodidae) é o
principal ectoparasito de importancia econdmica na pecuéria bovina ®°. S6 no Brasil, os prejuizos
por ele gerados sdo estimados em mais de 3 bilhdes de dblares por ano para pecuéria de leite e
corte, com custos na méo de obra, equipamentos, medicamentos para tratar os animais acometidos
e controle de suas infestacdes ®. Algumas de suas consequéncias em seus hospedeiros parasitados
sdo a espoliacdo sanguinea, o estresse, predisposicdo a miiases e queda de produtividade. Além
disso, esse ectoparasito atua como vetor de protozoarios e bactérias responsaveis por causar a
Tristeza Parasitaria Bovina (TPB), um complexo de doencas composto por babesioses e
anaplasmoses, cujo quadro clinico apresenta caracteristicas semelhantes. Bovinos acometidos com
TPB podem apresentar anemia, ictericia, letargia, anorexia, perda de peso, queda da producéo de
leite e até a morte. Dessa forma, o controle de R. microplus em bovinos é uma parte importante do
manejo de uma propriedade rural destinada a pecuaria bovina 3.

No Brasil, o controle de carrapatos € realizado principalmente por meio do uso de
acaricidas quimicos sintéticos ®8. Classicamente, este controle é realizado com aplicacdo de
acaricidas de diferentes familias, podendo ser de contato ou sistémicos, aplicados por meio de
pulverizacdo, imersdo, aplicacdo dorsal (pour-on) ou injetavel °. As principais classes quimicas
carrapaticidas disponiveis no mercado brasileiro sdo os organofosforados, piretroides,
formamidinas, lactonas macrociclicas, fenilpirazoles e inibidores de crescimento. O controle do
carrapato com o uso de acaricidas associado a diferentes estratégias de manejo, respeitando seu
ciclo bioldgico, as diferencas climaticas regionais e a genética dos animais, geralmente resulta em
melhor eficiéncia 1012,

O uso continuo desses acaricidas, muitas vezes sem critérios técnicos, quando utilizados
fora de uma estratégia de manejo, de forma e/ou em doses inadequadas, pode acarretar também,
problemas de intoxicacdo ao bovino e ao aplicador, contaminacdo ambiental e contaminacéo dos
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produtos alimenticios humanos oriundos destes bovinos, como o leite e a carne. Em doses
insuficientes, desafiam o sucesso do tratamento e tem promovido a reducdo da viabilidade dos
seus principios ativos dos carrapaticidas, acelerando o processo de selecdo das populacGes
resistentest®16,

A resisténcia a acaricidas tem sido mundialmente estudada hd anos em carrapatos e
negligenciada pelos produtores rurais'’-*°. E um problema sério e de dificil resolugéo, ja com relato
de populacdes de R. microplus multirresistentes a acaricidas no Brasil ** 2. Por isso, o controle
deve ser feito de forma cuidadosa e sistematica, levando em conta aspectos como, a genética do
rebanho, a idade dos animais, o tipo de pastagem, o periodo anual (principalmente em relagdo a
umidade e temperatura), o grau de resisténcia da populacdo de carrapatos aos principios ativos
carrapaticidas, suas doses/concentracdes adequadas, o ciclo bioldgico do carrapato, as geracdes
anuais da regio e as brechas ecoldgicas 162124,

Varias sdo as técnicas de banho carrapaticida utilizadas atualmente nas propriedades rurais
brasileiras, para carrapaticidas de contato, e cada uma € caracterizada pelo tipo de equipamento e
pela forma como é aplicada a calda carrapaticida 2531, De forma geral, os métodos de aplicacéo
carrapaticida mais comuns sdo de baixa tecnologia, ndo assegurando precisao e oferecendo riscos
a salde animal, humana e ambiental 3* 323, Os banhos de imersdo sdo caros e de alto risco
ambiental por dependerem de constante avaliacdo e ajuste das caracteristicas quimicas da calda
carrapaticida e estarem sob vulnerabilidade de vazamento. Os banhos de aspersdo tradicionais,
elétricos ou manuais, sdo insuficientemente capazes de molhar todo o corpo do bovino ou
dependem da acdo humana na aplicagdo, quase sempre falhas na realidade do manejo rural.
Algumas tecnologias inovadoras vém sendo desenvolvidas para auxiliar nos banhos carrapaticidas,
muitas vezes com valores inacessiveis e/ou de eficacia questionavel L.

Assim, este estudo teve o propdsito de avaliar a eficacia de um carrapaticida de contato
aplicado por diferentes equipamentos de pulverizacdo, um de propulsdo hidraulica e aplicacdo
manuais, um de propulsdo hidraulica motorizada e aplicacdo manual e outro de propulsdo
hidraulica motorizada e aplicacdo automatizada. Com a comparacéo das eficacias de uma mesma
solugéo carrapaticida aplicada por cada via de pulverizagdo e levantamento das vantagens e
desvantagens do manejo de cada uma, este estudo buscou verificar a importancia do método e

tecnologia de aplicagéo carrapaticida no controle quimico do R. microplus em bovinos.
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2. REVISAO DE LITERATURA

2.1. Rhipicephalus microplus

2.1.1. Taxonomia e distribuicao geografica

Rhipicephalus microplus, o carrapato-do-boi, como é conhecido no Brasil, foi
descrito em 1888 por Canestrini. Ele € um ectoparasito hemat6fago, necessitando da
alimentacdo de sangue em trés fazes de sua vida; com ciclo monoxeno, exigindo apenas
um unico hospedeiro para completar todo seu ciclo de vida; e que tem o bovino como
hospedeiro preferencial, podendo ser observado em outras espécies de animais de forma
aleatoria 34 Sua atual classificacdo taxondmica €é: Reino: Metazoa; Filo: Arthopoda;
Subfilo: Chelicerata; Classe: Arachnida; Subclasse: Acari; Superordem: Parasitiformes;
Ordem: Ixodida; Superfamilia: Ixodoidea; Familia: Ixodidae; Subfamilia: Rhipicephalinae;
Género: Rhipicephalus; Subgénero: Boophilus; Espécie: Rhipicephalus microplus *°.

O carrapato-do-boi, possui origem no continente asiatico, mais precisamente na Ilha de Java e
na India. Atualmente, apresenta ampla distribuicio geografica, sendo encontrados em paises nos
continentes americano, africano e asiatico; nas regides tropicais e subtropicais; em especial nas

Américas %, conforme Figura - 1.

Figura 1 - Distribuicdo geografica do Rhipicephalus microplus

Fonte: autor
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2.1.2. Ciclo de vida e biologia

O carrapato dos bovinos apresenta um unico hospedeiro durante o ciclo de vida é dividido
em duas fases distintas, uma fase de ndo parasitaria, que ocorre no solo, e uma fase parasitaria,
que ocorre sobre o animal. Possui também, quatro estagios de desenvolvimento: ovo, larva, ninfa
e adultos sexuados *°.

A fase ndo parasitaria se inicia com o desprendimento da fémea ingurgitada do animal
parasitado e consequente queda ao solo, onde essa fémea ira buscar um local protegido da luz solar
e com umidade adequada para iniciar a postura de ovos (oviposi¢cdo). As fémeas completamente
ingurgitadas geralmente se desprendem do hospedeiro no inicio da manh&, quando a temperatura
e a umidade sdo mais amenas®’. Em condicBes climaticas adequadas, apos trés a cinco dias
(periodo de pré-postura), a fémea inicia o processo de oviposi¢do, que dura em média de 15 a 17
dias. A eclosao das larvas, em condicdes favoraveis de temperatura e umidade, ocorre em média
20 dias ap6s a oviposicao, porém, em condi¢cdes desfavoraveis, podem durar até 100 dias. As
neolarvas exigem um periodo de quatro a 20 dias para o enrijecimento de sua cuticula e se tornarem
larvas infestantes, isso, dependendo das condicdes climéticas. Portanto, a fase ndo parasitaria de
R. microplus dura em média 28 a 51 dias, podendo se estender até 300 dias em condigdes
desfavoraveis. As larvas buscam partes altas de arbustos e/ou gramineas, subindo na pastagem
para alcancar seu hospedeiro , e ao encontrarem o hospedeiro, ocorre o inicio da fase parasitaria®®-
39 A fase de vida ndo parasitaria sofre interferéncias climaticas, principalmente em relagio a
temperatura e a umidade, que podem alterar a duracdo de cada uma de suas etapas e/ou definir seu
sucesso, acelerando ou reduzindo a velocidade do desenvolvimento biolégico que ocorre nessa
fase®” (Figura - 2).

A fase parasitaria apresenta periodo de desenvolvimento mais constante, sem grandes
alteracdes de tempo para o desenvolvimento biologico dos estagios encontrados sobre 0s bovinos,
pois é dependente da temperatura corporal do animal, que é constante, sofrendo menor influéncia
do clima externo. Ela se inicia quando as larvas infestantes se instalam no hospedeiro e dura em
média 21 dias. As larvas se alimentam preferencialmente de plasma sanguineo até que ocorra sua
primeira muda (ecdise), dando origem as ninfas, processo que dura de trés - sete dias, sendo o 4°
dia o mais critico. As ninfas, apds a hematofagia sofrerdo sua segunda ecdise, gerando 0s
individuos adultos, transi¢éo que ocorre entre 10° - 16° dia apos a infestacdo. Na fase adulta ocorre
a copula, machos seguem copulando varias fémeas e permanecem no hospedeiro por 43 dias apds
a infestacdo, fémeas, apds a copula, continuam o processo de hematofagia, que dura em média sete
dias até seu total ingurgitamento, quando sdo chamadas de teledgenas, se desprendem do

hospedeiro e iniciando outra fase de vida livre e outro ciclo de vida®® (Figura - 2).
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Figura 2 - Ciclo de vida do Rhipicephalus microplus.

Fonte: Dominio publico e editado pelo autor.

2.1.3. Importéncia e controle quimico

R. microplus € um ectoparasito monoxeno hematofago que necessita obrigatoriamente de
um hospedeiro, ingerindo substratos teciduais e principalmente sangue. E um dos principais
transmissores dos agentes etioldgicos responsaveis pela TPB, doenca que afeta gravemente o
desenvolvimento do bovino, podendo leva-lo a morte. Devido aos danos econdmicos acarretados
pelo carrapato e os custos relacionados com o seu controle, que atingem a ordem de 3 bilhdes de
ddlares por ano no Brasil, esse ectoparasito se tornou o principal alvo de programas de controle
nos rebanhos da América do Sul. Uma fémea de R. microplus ingere, em média, de 2 a 3 mL de
sangue do seu hospedeiro; em grandes infestacdes, com véarias fémeas ingerindo esse volume de
sangue, pode ocorrer anemia dos animais, predispondo a outras enfermidades e também, em perdas
na producdo de leite e carne, além de danos no couro por rea¢des inflamatorias e miiases nos locais
de fixacdo do carrapato. Por fim, o somatdrio dessas consequéncias do parasitismo pode resultar
na morte do animal®®4°,

Para controlar a infestagdo por carrapatos, 0 método mais utilizado € a aplicacdo de
acaricidas quimicos, que podem ser classificados em carrapaticidas de contato ou sistémicos. Os
carrapaticidas sdo comumente aplicados de forma injetavel, topica sobre o lombo (pour on) ou por
banhos (pulverizacdo ou banheiro de imersdo). Atualmente ha centenas de produtos com diferentes

principios ativos e apresentagdes no mercado veterinario brasileiro*2,
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Os carrapaticidas registrados para controle de carrapatos, no Brasil, estdo classificados em
diferentes classes quimicas, sendo elas: carbamatos (propoxur, carbaril); organofosforados
(clorpirifés, coumafos, diazinon, diclorvds, fention, triclorfon); formamidinas (amitraz); lactonas
macrociclicas (selamectina, moxidectina, ivermectina); fenilpirazois (fipronil); piretrdides
(deltametrina, flumetrina, cipermetrina); inibidores de crescimento (fluazuron, diflubenzuron,
lufenuron e novaluron) 2> 4. Os (ltimos lancamentos ocorreram com carrapaticidas cuja
substancias ativas pertencem a classe das isoxazolinas, incluindo as moléculas afoxolaner,
fluralaner, sarolaner e lotilaner. Contudo, os carrapaticidas pertencentes a essa ultima classe
quimica estdo restritos somente para controle de carrapatos em cées *'.

Atualmente, com uma vasta disponibilidade de acaricidas no mercado mundial, é relevante
atentar para a melhor prescri¢cdo. O conhecimento das diferentes classes quimicas existentes e seus
modos de acdo, somado ao perfil de susceptibilidade da populacdo de carrapatos € muito
importante na prescricdo de um acaricida. Estas informagdes evitam o erro de escolher dentre
tantas moléculas disponiveis, diferentes acaricidas pertencentes ao mesmo grupo quimico ou que
atue no mesmo sitio alvo do carrapaticida anteriormente utilizado no qual a populacdo de
carrapatos nio responde mais de forma eficiente 16232448,

A alta frequéncia de tratamentos com acaricidas e/ou doses insuficientes destes, exercem
uma forte pressdo seletiva sobre as populagdes de carrapatos que podem acelerar a selecdo de
populacdes resistentes 2 A resisténcia de populagdes de em R. microplus a todas as classes
quimicas disponiveis comercialmente, ja pode ser observada em diferentes regides do Brasil e do
mundo, isso tem aumentado a dificuldade de controlar as infestagdes!® 2% *¢, Este fato resulta em
uma ameaca para os esforgos que visam mitigar os prejuizos e o risco de transmissdo de doencas

causadas por carrapatos 24,

2.2 Métodos de aplicacdo de carrapaticidas quimicos de contato

2.2.1 Banheiro de imerséo

E um método antigo de banho carrapaticida que exige infraestrutura e manutencdes
onerosas. E um tanque impermeavel cheio de calda carrapaticida onde os animais atravessam a
nado permitindo um contato uniforme da calda por todo corpo do bovino. Exige um abrigo, pois
ndo pode estar exposto as intemperies, principalmente as chuvas, além de controle e correcfes da
concentracdo e pH da calda. N&o ¢ indicado para vacas em lactacdo e pode ser perigoso a saude

dos animais, dos humanos e meio ambiente “°.
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2.2.2 Bomba costal

A bomba costal é um equipamento originalmente desenvolvido para a agricultura e
comumente utilizado na pecuéria para banhos de controle de artrépodes em geral. E um
equipamento de acionamento manual e de capacidade de armazenamento da calda carrapaticida
limitada (5 — 20 L). Existem vérios fabricantes e modelos no mercado, mas em geral, possuem
tanque de polietileno e sistema de ejecdo em aco inox com bico de ejetor de jato cénico, que pode
ser substituido por outros bicos de jatos distintos que influenciam na forma e na vazéo do jato do
liquido ejetado 3.

As bombas costais sdo geralmente pouco ergonémicas e exigem muito esforco do agente
aplicador. Seu mau uso ja foi relacionado a doencas ortopédicas como deformacdes lombo-
cervicais da coluna vertebral e a intoxicacdes, pois ndo protege adequadamente o agente aplicados

de contato com os liquidos ejetados, normalmente toxicos para humanos 32-3% 5253,

2.2.3 Aspersor estacionario

Aspersores estacionarios na pecuaria sdo adaptacGes de aspersores agricolas de irrigacao
para pulverizacdo de liquidos sobre animais contidos, sejam bovinos, equinos, ovinos, suinos etc.
A forca propulsora é resultante de uma bomba hidréulica e a calda pulverizada € previamente
produzida e armazenada em tanque adaptados, normalmente caixa d’dgua. Sua agdo, geralmente
simula chuva da solucao que se deseja aplicar, como chuva de carrapaticida, nos tratamentos dos
carrapatos. Este tipo de aspersao, atinge os animais sobre o lombo, permitindo com que a calda
escorra pelo corpo do animal, porém, a regido ventral sai seca e sem tratamento. Este método,
também, desperdica muita calda, pois grande parte do seu volume atinge o solo sem ter tido

contato com o animal a ser tratado 2°-28,

2.2.4 Pulverizador de alta pressao (WAP)

Banho por pulverizador de alta pressao é aquele adaptado com o uso de uma lavadora de
alta presséo, uma maquina que bombeia agua sob presséo atraves de uma tubulacdo para a limpeza
de superficies com um jato de agua a alta velocidade. Equipamentos como estes operam a presses
de até 30.000 PSI. Sua adaptacdo para a pecudria exige um tanque armazenador da calda

carrapaticida pré-preparada, pois sua funcéo é limitada a pulverizagéo °'.

2.3 A realidade em campo do controle carrapaticida
Estudos com trabalhadores e produtores de leite de Minas gerais avaliaram o conhecimento

destes funcionarios e produtores de leite sobre o carrapato dos bovinos e seu controle. Estes
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produtores ndo tinham informacdo sobre testes de eficiéncia de carrapaticidas e controle de
carrapatos. 92,3% dos produtores nada sabiam sobre o periodo ndo-parasitario. Para 96,4%, o que
determinava o0 momento do tratamento era o grau de infestacdo de carrapatos. 93,3% utilizavam
bomba-costal para aplicacdo do carrapaticida, 0 método mais comum de aplicacéo insuficiente e
susceptivel ao erro de aplicacdo. Desconhecimento sobre a correta préatica da dilui¢cdo da calda
carrapaticida. Demonstrando, com aquele estudo, a necessidade de melhor instrugdo dos

produtores em relacdo a biologia e ao controle do Rhipicephalus microplus 2.
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3. OBJETIVO

3.1 Objetivo geral

Avaliar e comparar os resultados de formulagdo carrapaticida de contato aplicados por
bomba costal, pulverizador de alta pressdo e por pulverizador automatizado para controle de R.
microplus.

3.2 Objetivos especificos

e Auvaliar e comparar a eficacia de formulag&o carrapaticida de contato aplicados por bomba
costal, pulverizador de alta pressdo e por pulverizador automatizado para controle de R.
microplus.

e Avaliar e comparar o tempo de banho, pressédo (PSI), volume de calda aplicada e aspectos
ergondmicos na aplicacdo de carrapaticidas utilizando bomba costal, pulverizador de alta
presséo e por pulverizador automatizado para controle de R. microplus.

e Registrar a percepcdo da pessoa que aplicou o carrapaticida sobre as facilidade e
dificuldades do manuseio de cada um dos equipamentos, considerando o desconforto e o

peso.
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Abstract

The present work compared the efficiency of three different equipment sprayer for acaricides
application to control Rhipicephalus microplus. To compare the equipment, an acaricide
containing three active ingredients (one pyrethroid and two organophosphate) was used. In
experiment 1 (farm 1 Goiania, GO, Brazil), three equipment were tested: backpack sprayer (BS),
high pressure sprayer (HPS) and automated sprayer (AS). In experiment 2 (farm 2 — S&o José do
Rio Pardo, SP, Brazil), two equipment were tested: BS and HPS. In both experiments, 10 bovines
with similar tick burden were used. In day 0, in both experiments, the animals were treated with
the acaricide. On days +1 (only in experiment 1), +3, +7, +14, +21, +28 and +35 (only in
experiment 2), ticks count was performed to determine the control efficacy. The application time,
pressure (KPa) and volume applied (L) in each spraying system were also evaluated. Adult
immersion test (AIT) using three different acaricides (combination of pyrethroid +
organophosphate) was performed to compare the susceptibility of strains from each farm. In
experiment 1, all treatments reduced significantly (p < 0.05) the number of ticks on animals,
however, the HPS resulted greater efficacy of the acaricide since day +1. In experiment 2, both
treatments (with HPS and BS) reduced (p < 0.05) the tick burden, however the HPS resulted in
more accentuated reduction. The application time was of 4.5, 150 e 330 seconds, while pressure
was of 306.8, 4,826.3 and 172.4-220.6 KPa for AS, HPS and BS, respectively. In the AIT the
values of efficacy were between 99.8 - 100% for the tick strain form the farm 1 (Goiénia), while
for tick strain from the farm 2 (Séo José do Rio Pardo), the efficacy was between 67.2 - 80.9%.
We conclude the application sprayer equipment influences the efficicay of the acaricide. All three
equipment sprayers were efficient for acaricide application; the best efficacy was obtained using
the HPS while the AS resulted in good efficacy and lower application time. The strain from the

farm 2 was less susceptible for all acaricides tested.

Key words: Cattle tick, automatic sprayer, backpack sprayer, high pressure sprayer.
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1. Introduction

Rhipicephalus microplus is the main ectoparasite of economic importance for global cattle-
rising mainly in tropical and subtropical countries (Guglielmone et al., 2006), with losses estimated
in 3 billion dollars per year, considering only Brazil. Some consequences of the infestation by this
tick are blood loss, inflammatory reactions, stress, predisposition to myiasis and opportunistic
diseases causing productivity reduction (Grisi et al., 2004). In addition, this ectoparasite acts as a
vector for protozoans and bacteria causing Cattle Tick Fever (CTF), a complex of diseases
constituted of babesiosis and anaplasmosis (Furlong et al., 2004; Martins and Furlong, 2006).
Thus, controlling R. microplus tick is important within the context of cattle farm management and
sanity (Amaral et al., 2011a, b).

Control of R. microplus is performed mainly using synthetic acaricides belonging to
different chemical classes such as pyrethroids, organophosphates, amidines, macrocyclic lactones,
phenylpyrazoles and growth inhibitors (Kunz e Kamp, 1994; Labruna, 2008; Rocha et al., 2011,
Rodriguez-Vivas et al., 2018). Control is performed with contact or systemic acaricides, applied
through different spraying methods, immersion baths, pour-on application and/or injectable
(Furlong et al., 2007; Rocha et al., 2011; Rodriguez-Vivas et al., 2018). The constant utilization
of these products has resulted in selection of populations of resistant ticks. There are literature
registers of resistant populations for all chemical classes available in the market, including multi-
resistant populations (Reck et al., 2014; Klafke et al., 2017; Valsoni, 2020). However, survivor of
ticks may occur not only due to resistance but also due to flaws in acaricide application (Furlong
and Martins, 2005).

When applying acaricides it is important to pay attention to all details involving the
management of R. microplus, including the choice of acaricide and the period of year and form of
application (Furlong et al., 2007). Spray baths with different equipment is one of the main
application systems for acaricides, however, there are no equipment developed and validated

specifically for this purpose in the Brazilian market, forcing the use of equipment developed for
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agriculture and adapted for acaricide application in bovines (Rocha et al., 2011; Rodrigues, 2012).
Backpack Sprayer (BS) for agricultural use represents the main application system for acaricides
in cattle, although issues related to ergonomics may increase the chance of mistaken application
of the acaricide, reducing its efficacy and causing problems for farm workers (Lopes et al., 2011;
Rocha et al., 2011, Rodrigues, 2012). High-Pressure Sprayers (HPS) are also used to apply
acaricides, but few data are available concerning the efficacy of commercial formulations applied
with this equipment (Rodrigues, 2012). Automated Sprayers (AS) also represent an alternative for
acaricide application in cattle; however, few models are available in the market, some with high
cost (Rocha et al., 2011; Rodrigues, 2012).

To determine the relative efficacy of different equipment’s, studies are required (Kunz and
Kamp, 1994, Rodrigues, 2012; Rodriguez-Vivas et al., 2018). The present work aimed to compare

the efficacy of a acaricide using different equipment sprayer, in two farms.

2. Material and methods

2.1. Ethical issues

The research was approved by the Animal Use Ethics Committee (CEUA) from the Federal
University of Goias (UFG) (Protocol 073/20), according to the ethical principles for animal
experimentation. All experimental stages for evaluation tests followed the standards of Ordinance
n°® 4 from the Ministry of Agriculture, Livestock and Supply (“Ministério da Agricultura, Pecuaria
¢ Abastecimento” — MAPA - Brasil, 1997) and the recommendations from the reference guide of
good practices and humanitarian management of animals (Grandin, 2013) and the Certified

Humane Brazil for Animal Well-Being (Paranhos da Costa et al., 2019).
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2.2. Experiment 1 — comparison of sprayer equipment

2.2.1 Location of the experiment, animals and acaricide

The experiment was performed on the “Fazenda Escola” (dairy production — farm 1) from
the School of Veterinary and Animal Science (EVZ) from the Federal University of Goias (UFG),
in the county of Goiania, Goias, Brazil (16° 35° 39.07” S, 49° 17° 1.22” W and 764 m altitude).
Forty Girolando (Gir x Holstein, genetic proportion of /) cows, naturally infested with R.
microplus and mean weight of 420 kg from the farm itself were used, acclimatization period was
not needed. Only bovines with good nutritional status, without previous treatment with acaricides
for at least 90 days, were included in the study. A commercial acaricide formulation was used
(Potenty® - MSD Animal Health), constituted by the association of two organophosphates (Ethion
16 9/100 mL and chlorpyrifos 8.5 g/100 mL) and one pyrethroid (Alpha-cypermethrin 5 g/100

mL).

2.2.2 Automated sprayer (AS)

The automated sprayer (AS) is an equipment developed and marketed by the ATLA
Agribusiness industry. This equipment stores water in a water box of 500 liters. By means of a
hydraulic pump of 1.1 KW triggered by a command circuit (constituted by a closed-circuit board,
driving wrench and timer wrench), it generates a water flow which exerts pressure on a Venturi
Tube suctioning the acaricide directly from the container, which is sequence is mixed directly in
the water stream forming an emulsion at the recommended concentration. Such concentration may
be adjusted to different concentrations for different acaricides. The command circuit is triggered
by an optical proximity sensor of 24V-DC. After being triggered by the sensor the emulsion flows
through a polyvinyl chloride (PVC) system of pipes to be applied in the cattle, trough of 34
spraying nozzles, with 12 nozzles in the lower part, 12 nozzles in the laterals and 10 nozzles in the

superior part (nozzles types - JA-2 and JHS-110 01, with conical and fan jets, respectively). All
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the hydraulic system (pipes and spraying nozzles) is supported by an open metallic structure of
tubular galvanized steel with 10 cm diameter on a concrete foundation with steel trusses (Figure

1).

2.2.3 Backpack sprayer (BS)

The Backpack sprayer (BS - PJH - Méquinas Agricolas Jacto S.A) contains a 20 L chamber
to store the acaricide emulsion, a piston to generate hydraulic pressure which is triggered manually
by a lateral lever, generating hydraulic pressure to pump the acaricide solution through a hose into
the spray gun, which is regulated by a valve which controls the solution flow through the JDR
spray nozzle (Figure 2). For the acaricide bath with BS, all animals were tied up to contain

movements.

2.2.4. High-pressure sprayer (HPS)

To use the High-Pressure Sprayer equipment (HPS - LK 1305 - KALA industry) to apply
the acaricide, an adaptation was made using a 40 L tank to store the acaricide emulsion and a low-
pressure hydraulic hose to carry the solution into the sprayer equipment. The HPS also has an
electric system of 0,97 KW which generates hydraulic pressure, to pump the acaricide emulsion
through a high-pressure hose into the spraying gun, which is regulated by a valve which controls
the flow through the spraying nozzle. For the acaricidal bath with HPS, each animal of this

experimental group was contained in some cattle trunk (Figure 2).
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Figure 01 — Structure of the automated sprayer for application of contact acaricides in cattle. A:
Water box of 500 liters; B: Hydraulic pump of 1.5 HP; C: Command circuit; D: Venturi Tube; E:
Acaricide; F: Optical proximity sensor of 24V-DC; G: PVC pipes; H: Lower nozzles; I: Lateral

nozzles J: Top nozzles; L: galvanized steel with 10 cm diameter.
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Figure 2 —1: Backpack sprayer : 20 L chamber to store the acaricide emulsion; B:piston to generate
hydraulic pressure;C: lateral lever; D:high pressure hose ; E:valve and F: spray nossle.2: High-pressure
sprayer . A:40 L tank, B:low-pressure hydraulic hose, C:electric pump of 1300 HP, D: high-pressure
hydraulic hose, E: valve F: spray nossle.
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2..2.4. Evaluation of acaricide efficacy applied with different sprayer equipment

Bovines were assigned in groups on day zero, according to the means of R. microplus
females ticks (between 4.5 and 8 mm) quantified in the left side of each animal on days -3, -2
and -1 (Wharton and Utech, 1970). First, the animals were listed in decreasing order according
to the mean number of ticks. Within that order, the first four animals were clustered in the first
block; the next four bovines were designated to the second block, and so on, until all ten blocks
were constituted. Then, within each block, the animals were randomly designated by lottery, to
one of the four experimental groups: Group 1 —control (without treatment); Group 2 — acaricide
applied with AS; Group 3 — acaricide applied with HPS; Group 4 — acaricide applied with BS.

Bovines were treated (sprayed) with acaricide (alpha-cypermethrin + ethion +
chlorpyrifos) on day 0, using three types of spraying equipment. The acaricides (5 L per animal
= 0.6250g of alfa-cypermethrin + 2g ethion + 1.0625g chlorpyrifos) were diluted according to
the manufacturer recommendations. To treat animals with BS and HPS, bovines were
individually contained to facilitate the correct application of the formulation. Each animal was
sprayed with 5 L of emulsion, treating uniformly the whole body of the animal. When treating
animals with AS sprayer, the bath was performed in one animal at a time, inside the metallic
open chamber prepared with the spraying nozzles.

During the application, the pressure (KPa) of each sprayer equipment was evaluated
using an analog manometer (0 — 13,789.5 KPa — FAMABRAS). The application time of the
acaricide was also evaluated. The volume of acaricide applied (in liters) was established in 5 L
for BC and HPS (according to the manufacturer recommendation for animals of the size of a
bovine), while for AS this volume was quantified by the addition of the flow rates measured in
all the system nozzles by the mean application time consumed per animal. The ergonomic
aspects were analyzed by the perception of the person who applied the acaricide about

difficulties of handling the equipment, considering the discomfort and weight.
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From days 0 until +3, each experimental group was held in separate paddocks with
Urochloa brizantha, water and mineral salt ad libitum. After this period, groups were mixed
and re-divided in three groups, each one containing animals from all experimental groups to
preserve the same environmental pressure of R. microplus infestation.

After treatment, tick counts (females 4.5-8 mm) were performed on days +1, +3, +7,
+14, +21 and +28. The efficacy of the treatments was calculated using the following formula
(MAPA, 1997):

TaxCb
Tb x Ca

Percentage of efficacy = (1 - )x 100

e Where: Ta = mean number of semi-engorged females ticks that detached naturally from
treated animals after the application of the spray formulation (treatment date); Th =
mean number of semi-engorged female ticks that detached naturally from treated
animals during the three days preceding the treatment date; Ca = mean number of semi-
engorged female ticks that detached naturally from untreated control animals after the
treatment date; Cb = mean number of semi-engorged female ticks that detached
naturally from untreated control animals during the three days preceding the treatment

date.
2.3. Experiment 2 — comparison of sprayer equipment

2.3.1. Location of the experiment, animals and acaricide

The experiment was performed on a private farm (farm 2) in the county of Sao José do
Rio Pardo (SJRP), Séo Paulo, Brazil (21°35'44" S, 46°53'19" W at 705 m altitude). Thirty
Simmental cows, naturally infested with R. microplus and mean weight of 490 kg from the farm

itself were used, acclimatization period was not needed. Only bovines with good nutritional
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status, without previous treatment with acaricides for at least 90 days, were included in the

study. The same commercial acaricide formulation of the experiment 1 was used.

2.3.2. Equipment

This experiment compered only two equipment (BS and HPS), the same equipment used

in experiment 1.

2.3.3. Evaluation of acaricide efficacy applied with different sprayer equipment

To perform this experiment, the same methodology described in item 2.2 was used and
the sprayer equipment tested were BS and HPS. Cows of the Simental breed were used (mean
weight of 490 kg), kept in paddocks with "coast-cross" grass (Cynodon dactylon), water and
salt ad libitum and counting ticks were performed to evaluate efficacy of the acaricide on days

+3, +7, +14, +21, +28 and +35.

2.4. Experiment 3 — Adult Immersion Test (AIT)

To evaluate the susceptibility profile of both tick populations, an immersion test was
performed with engorged females collected from both field experimental locations, EVZ — UFG
and particular property in the county of SJIRP. These females were removed directly from the
infested bovines.

Females within each population were divided in four groups with homogeneous weight
and then immersed in the emulsions containing commercial acaricides, diluted according to the
manufacturer recommendation. The following commercial formulations were tested:

1. Potenty®: Ethion 16 g (OF = Organophosphate), Chlorpyrifos 8.5 g (OF =

Organophosphate) and Alfa-cypermethrin 5.0 (PS = Synthetic Pyrethroid) in 100 mL

— MSD Animal Health
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2. Cyperclor Plus®: Chlorpyrifos 25 g (OF = Organophosphate) + Cypermethrin 15 g
(PS = Synthetic Pyrethroid) + Butoxide piperonyl 15 g (SI = Synergist) in 100 mL -
Ceva Santé Animale

3. Colosso®: Chlorpyrifos 25 g (OF = Organophosphate) + Cypermethrin 15 g (PS =
Synthetic Pyrethroid) + Citronelal 1 g (TE = Terpene) in 100 mL — Ouro Fino
Animal Health

A control group was also established, where engorged females were immersed in
distilled water.

After immersion, these females were conditioned in Petry dishes, identified and
incubated in B.O.D. (Solab) chamber at 27°+1 C° and relative humidity (UR) of 80£10%, for
15 days for egg laying. After this period the mass of eggs was weighed and conditioned in
plastic syringes with the distal extremity trimmed, sealed with hydrophobic cotton, conditioned
in B.O.D. chamber under the same conditions previously mentioned, after 20 days the
hatchability was evaluated by means of a visual assessment (Figueiredo et al., 2018). The
percentage of control was determined using the values of female weight before egg laying,

weight of egg masses and percentage of eclosion, according to Drummond (1973).

2.5 Comparison of sprayer equipment

A ranking for the sprayer equipment used was determined for each variable evaluated,
efficacy of acaricide, application time and pressure (KPa), based on the experimental results.
In this ranking the ergonomics of the equipment during their utilization was also considered.
For the final classification the following score was considered: ~ 1st = 3 points; 2nd = 2

points; 3rd = 1 point. The efficiency was used as a criterion of tie breaking.
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2.6. Statistical analyses

In experiments 1 and 2, the average of the counts of partially engorged female ticks were
log transformed using the equation in (x + 1) using a mixed linear model and interactions. The
statistical model included block, animal and residual as random effects. Treatment, application
time and the interaction between treatment X application time were considered as fixed effects.

All data were analyzed using the software SAS V9.4 at a significance level of 5% (p <0.05).

3. Results

The data about the pressure (KPa) of each sprayer equipment, volume of emulsion
applied, and application time are shown in table 1. The volume of acaricide applied was similar
in all sprayer equipment tested (5 to 5.1 L), however, the higher pressure was obtained for HPS

(4,826.3 KPa), while the shorter application time per animal was for AS (4.5 seconds).

Table 1 — Pressure, volume of the applied acaricide emulsion and time of application of

different equipments.

Equipment Pressure (KPa) Volume of the applied Time of application
acaricide (L) (seconds)

Automated sprayer 306.8 5.1 4.5

High pressure sprayer 4,826.3 5.0 150 (= 2.5 min)

Backpack sprayer 172.4 — 220.6* 5.0 330 (= 5.5 min)

* Maximum pressure by manual pumping.

3.1. Experiment 1 — comparison of sprayer equipment
The results for this experiment are in table 2 and figure 3. All treatments with acaricide

had a mean tick count inferior (p < 0.05) than control during the 28 days of evaluation (Table
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2). It should be emphasized that on day +3, the mean number of ticks on animals that received
treatment by HPS was inferior when compared with treatments BS and AS, and on day +28
when compared to BS (Table 2). HPS resulted in acaricide efficacy superior to 80% through all
the evaluation period (+1 to +28), and efficacy superior to 90% between days +3 and +21, with
maximum efficacy of 99.6% on days +7 and +14 (Figure 2). In treatments using AS and BS,
on day +1 the efficacy of the acaricide was of 69%, being superior to 90% between days +7 and

+21, with maximum efficacy of 98.7 and 96.2%, respectively (Figure 3).

Table 2 — Mean number of semi-engorged females of Rhipicephalus microplus (measuring
between 4.5 — 8.0 mm) on cattle treated with a commercial acaricide (Ethion + chlorpyrifos
+ Alpha-cypermethrin) applied by different equipments, performed at the Milk Farm from
the School of Veterinary and Animal Science (EVZ) from the Federal University of Goiés

(UFG), in Goiania, Goias, Brazil.

High
Cg:;ted Control Automated pressure Backpack Pr>F Ccv
sprayer sprayer
sprayer
zZero 70.00 a 70.00 a 70.05 a 70.08 a 0.9699 23.77
1 110.60 a 33.90b 15.11b 34.00 b <0.0001 26.04
3 66.10 a 14.20 b 230c 1490 b <0.0001 28.22
7 52.50 a 220b 0.20 b 140b <0.0001 51.93
14 2240 a 0.60b 0.10b 1.10b <0.0001 60.33
21 1570 a 0.20b 1.00b 0.60b <0.0001 76.96
28 83,00 a 21,60 bc 13,20 c 30,50 b <0,0001 19,69

Means followed by different letters on the same line show significant differences at the 5% level.
Acaricide - 125 ppm Alpha-cypermethrin, 400 ppm of ethion e 212 ppm of chlorpyrifos.
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Figure 3 — Efficay of a commercial acaricide (Ethion + chlorpyrifos + Alpha-cypermethrin) applied by different
equipments, performed at the Milk Farm from the School of Veterinary and Animal Science (EVZ) from the

Federal University of Goias (UFG), in Goiania, Goias, Brazil.
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3.2. Experiment 2 — comparison of sprayer equipment

The results from this experiment are in table 3 and figure 4. All acaricide treatments had
a mean tick count inferior (p < 0.05) when compared to the control during the 35 days of
evaluation (Table 3), with exception of treatment BS on day +35. It should be emphasized that
on days +3, +7, +14 and +21, the mean number of ticks in treatment using HPS was inferior (p
< 0.05) to the value observed in treatment using BS (Table 3). Treatment HPS had efficacy
superior to 90% on evaluation days +3, +7, +17 and +21, with maximum efficacy of 99.3% on
day +7 (Figure 4). The efficacy in treatment BC was superior to 80% only on day +14, with

maximum efficacy of 83.1% (Figure 4).

Table 03 - Mean number of semi-engorged females of Rhipicephalus microplus (measuring
between 4.5 — 8.0 mm) on cattle treated with a commercial acaricide* (Ethion + chlorpyrifos
+ Alpha-cypermethrin) applied by different equipments, performed on the farm in Sdo Jose

do Rio Pardo, Séo Paulo, Brasil.

High pressure Backpack

Counted day Control corayer e or > F2 oV
zero 40.40 a 40.06 a 40.23 a 0.8925 14.45

3 52.70 a 1.20c¢c 16.20b < 0.0001 22.43

7 53.80a 0.40c 11.90b <0.0001 18.48

14 77.10a 2.60c 13.00 b <0.0001 22.20

21 65.00 a 520c 16.20b < 0.0001 29.20

28 69.90 a 11.30b 16.90 b <0.0001 16.74

35 64.10 a 31.20b 43.10 ab <0.0246 14.64

Means followed by different letters on the same line show significant differences at the 5% level.
Acaricide - 125 ppm Alpha-cypermethrin, 400 ppm of ethion e 212 ppm of chlorpyrifos.
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Figure 4 — Mean number of semi-engorged females of Rhipicephalus microplus (measuring between 4.5 — 8.0
mm) on cattle treated with a commercial acaricide* (Ethion + chlorpyrifos + Alpha-cypermethrin) applied by

different equipments, performed at the farm on Sao José do Rio Pardo, Sdo Paulo, Brasil.

48



3.3. Experiment 3 — Immersion test of engorged females

Data regarding the susceptibility of both tick populations derived from the locations
where the field studies were performed are showed descriptively in table 4. All commercial
acaricide formulations interfered with the reproductive biology of engorged females, resulting
in inferior quantity and viability of eggs produced by the ticks of both populations (EVZ-UFG
and SJRP). The percentage of control observed in the population from EVZ-UFG (Figure 3),
varied from 99.8 to 100%, while the population from SJRP had inferior values, varying from
67.2 to 80.9% (Figure 4). In the immersion test of engorged females in laboratory conditions,
the acaricide formulation used in both field experiments (experiment 1 and experiment 2)

showed efficacy of 100 and 80%, respectively (Table 4).

3.4 Comparison of spraying equipment for acaricide application
When comparing all three equipment tested and considering all variables evaluated, it
was verified that the AS and the HPS were equivalent, exhibiting the same score (= 10).
However, due to the tie-breaking criterion (efficacy), the high-pressure sprayer was considered
the best equipment. The BS showed the worst classification for all variables (Score = 04 - Table

5).
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Table 4 — Peso das fémeas ingurgitadas antes da postura (mg), peso da massa de ovos (mg), percentual de eclosao e percentual de controle de

duas populacbes de Rhipicephalus microplus tratadas com diferentes formulacGes carrapaticidas comerciais, em condicGes de laboratorio

(27°£1 C° e UR 80+10%).

Tick Acaricide Female weight before eggs weight (g) Percentage of larvae Control
population laying eggs (9) hatching (%) percentage (%)
Fazenda de Control 3.47 1.96 87.6

Leite -
UFG
1 - Alpha-cypermethrin (125 ppm) + Ethion 3.47 0.00 0.00 100.00
(400 ppm) + chlorpyrifos (212 ppm)
2 - Chlorpyrifos (312,5 ppm) + cypermethrin 3.44 0.020 0.00 100.00
(187,5) + Piperonyl Butoxide (187,5 ppm)
3 chlorpyrifos (312, 5 ppm) + cypermethrin 3.48 0.29 1.00 99.80
(187,5 ppm) + Citronellal (12,5 ppm)
S8o José do  Control 2.74 1.43 99.30
Rio Pardo -
SJRP 1 - Alpha-cypermethrin (125 ppm) + Ethion 2.74 0.43 62.30 80.90
(400 ppm) + chlorpyrifos (212 ppm)
2 - Chlorpyrifos (312,5 ppm) + cypermethrin 2.74 0.33 98.30 77.20
(187,5) + Piperonyl Butoxide (187,5 ppm)
3 chlorpyrifos (312, 5 ppm) + cypermethrin 2.74 0.55 83..60 67.20

(187,5 ppm) + Citronellal (12,5 ppm)

1 - 125 ppm Alpha-cypermethrin (pyrethroid), 400 ppm of Ethion (Organophosphates) and 212 ppm of chlorpyrifos (Organophosphates)

2 - 312,5 ppm of Chlorpyrifos (Organophosphates), 187,5 of cypermethrin (pyrethroid), 187,5 ppm of Piperonyl Butoxide (Synergist)

3 - 312, 5 ppm of Chlorpyrifos (Organophosphates), 187,5 ppm of cypermethrin (pyrethroid) e 12,5 ppm of Citronellal (Terpene)
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Table 5 — Comparing spraying equipment in the application of acaricide in both experiments

High pressure

Automated sprayer Backpack sprayer
sprayer
Efficacy 2nd 1st 3rd
Application time 1st 2nd 3rd
Spray pressure 2nd 1st 3rd
Ergonomics 1st 2nd 3rd
Total 10 10* 04

Categories: 1st = 3 pts; 2nd = 2 pts; 3rd = 1 pt.
* Tiebreaker = effectiveness

4. Discussion

R. microplus tick is one of the main problems, from the sanitary and economic point of
view for global cattle-rising (Grisi et al., 2014; Lew-Tabor and Rodriguez Valle,2016;
Rodriguez-Vivas, 2018; Agwunobi et al., 2021), and the acaricide application using sprayer
equipment is yet the main control method for this ectoparasite. However, the comparative
studies regarding the influence of the sprayer equipment on acaricide efficacy are limited, as
well as, efforts to develop and improve new equipment for this purpose (Rodrigues, 2012).
There are studies available in the literature comparing the efficacy of acaricides applied by
spraying and immersion bath (Amaral et al., 1974; Davey et al., 1997). As far as we know, this
is the first study comparing the effect of acaricide efficacy using different sprayer equipment,
in addition to validate an automated method which may facilitate the management of bovines
in farms.

In both experiments of the current study the application of the acaricide emulsion with

HPS showed better efficacy (superior to 90% between day +3 and +21), when compared to the

51



other sprayer equipment evaluated. It is possible that such result occurred due to the pressure
of the equipment, once HPS pressure was 15 times stronger than AS pressure and 22 to 28 times
stronger than BS pressure. The relation between pressure and efficacy was already
demonstrated using insecticides to the control of agricultural pest (Costa et al., 2007; Frits and
Hoffmann, 2016, Rodrigues et al., 2018, Skelton et al., 2018). In a study testing the application
of botanical acaricides to control ticks in the environment, a HPS model exhibited the best
efficacy suppressing nymphs of Ixodes scapularis and Amblyomma americanum in grasses
(Dolan et al., 2009), allowing a deeper penetration of the solution in the vegetation and therefore
permitting a higher contact with the ticks. The same effect may be attributed to the application
of acaricide on animals, once, probably, HPS may allow the solution to penetrate better in
bovine hairs and body folds, allowing higher contact with ticks. In addition, the better efficacy
of HPS can be a consequence of the mechanical removal of some ticks, a fact that may increase
the efficacy of the treatment. Such issue deserves future investigation.

Although the application of the emulsion via HPS has demonstrated better efficacy
when compared to other sprayer equipment, it should be mentioned that during the application
it was observed higher animal agitation. This higher agitation may be related with some animal
discomfort, due to the high pressure of the jet over the animal skin. Animal well-being is another
important feature that must be always considered in cattle-rising (Brasil, 2008; Silva et al.,
2015; Paranhos da Costa et al., 2019), thus, although HPS showed the best results, it is
important to evaluate the impact of the spray pressure in animal well-being in future studies.

BS showed the worst performance in both experiments (Experiment 1 >90% between
+7 and +21 and Experiment 2 <90% in all evaluations), when compared with HPS. The spraying
pressure provided by the equipment may probably be the variable explaining the lower efficacy.
The BS delivers a spray with lower pressure which has a lower capacity to transpose the barrier

of animal hairs and body folds and to reach ticks (Boller and Machry, 2007). It should be
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mentioned that spraying pressure using BS, besides being lower, is also inconstant, once it
depends on manual pumping by the operator, while in the other sprayer equipment the pressure
is constant due to the hydraulic force from an electric pump. This may contribute to a non-
uniform bath and a lower efficacy. If the product is not prepared and applied adequately, some
ticks may survive because the acaricide will not reach all of them (Furlong and Martins, 2005).
Still regarding BS, it is possible to mention other unfavorable features for this
equipment. Previous studies had demonstrated the utilization of BS increases up to 5.3 times
the chance of using insufficient acaricide volume per animal (Furlong, 2007; Labruna, 2008).
Such issue affects the efficacy of treatment and may increase the selection pressure for resistant
populations of ticks (Labruna, 2008; Rodrigues, 2012). The weight of the sprayer equipment,
causing discomfort during application, and the volume of acaricide that BS carries, are some
negative issues which result in lower volume of acaricide applied per animal (Lopes etal., 2011;
Rocha et al., 2011, Rodrigues, 2012). Finally, BS was the equipment which consumed the
longest application time of acaricide, and its continuous utilization was already associated with
orthopedic problems in the spine as well as intoxication of farm workers, being of practical use
only with small herds (Annoott et al., 1987; lida, 1990; Freitas, 2006; Lopes et al., 2011).
Application of acaricide with PS was performed only in the first study, resulting in
efficacy higher than 90% between days +3 and +21. It is interesting to observe that this sprayer
equipment also showed intermediary spraying pressure when compared to the other two sprayer
equipment tested. Nowadays, agriculture targets technological improvements in production
systems using automation technologies, geo-referencing, drones, allowing improvements in
productivity and facilitating management (Zghair and Al-Araji, 2021; Sinha and Dhanalakshmi,
2022). In animal production such tendency occurs in a slower fashion, requiring the
intensification of technology development to permit the same advances as in agriculture.

Although on a smaller scale, some studies evaluated the efficacy of acaricide application with
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automated equipment. In a study performed in the USA using one botanical acaricide (10%
rosemary oil, 5% geraniol and 2% peppermint) and one chemical acaricide (coumaphos), to
control R. microplus, applied using a portable semi-automated spraying chamber, a mean
efficacy of 71% and 100% was achieved, respectively (Klafke et al., 2021).

AS exhibited other advantages. The time consumed for application was near 30 to 70
times inferior when compared to HPS and BS, respectively. The reduction of application time
allows treating a higher number of animals in less time, easing activities of cattle herd
management, and reducing labor work demand (Rocha, 2005). Another advantage of AS is that
it eliminates human factor in the steps of preparation and application of the formulation,
reducing the possibility of errors. Such feature is important, once the negligence or
unfamiliarity with the correct preparation and application of acaricide formulation by land
owners and farm workers is one of the main issues contributing for the lack of efficacy in the
treatment of bovines with acaricides (Rocha et al., 2006; Amaral et al., 2011 a,b; Rocha et al.,
2011).

Comparing the efficacy of BS and HPS, in both farms (EVZ and SJRP), is possible to
verify the difference was higher in the experiment performed in SIRP. In the adult immersion
test, an important tool for phenotypic characterization of tick resistance to acaricides (Furlong
et al., 2007; Klafke, 2008; Higa et al., 2016), the population SIRP showed lower susceptibility
to commercial formulations containing pyrethroid + organophosphate. This result shows that
in less susceptible populations to a determined acaricide, the difference in field applications
efficacy between these two sprayer equipment is accentuated.

Comparing results of acaricide efficacy using different sprayer equipment, in both
experiments, evidenced that HPS was the most efficient equipment. However, AS also showed
good results, in addition to other positive features: good ergonomics, preparation of acaricide

and application time. BS equipment presented good results only in experiment 1, and the
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utilization of this equipment has unfavorable features: longer time for application, less spraying
pressure and worst ergonomics. These results evidenced that a failure to control R. microplus
in the field may be related to the sprayer equipment and not only to the population of resistant
ticks against the acaricide; or the failure may be related to both issues (resistance of ticks and

sprayer equipment).
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1. CONSIDERACOES FINAIS

Fica evidente, ao findar destes experimentos que o equipamento utilizado para
aplicacdo de carrapaticida para controle de R. microplus é relevante e interfere na eficacia
do carrapaticida. Mais investigacdes devem ocorrer para evidenciar melhor quais
caracteristicas fisicas e mecanicas auxiliam na melhor eficiéncia do equipamento para

uma aplicagdo mais eficaz de carrapaticidas.

E importante ressaltar que a realidade de cada propriedade rural é (inica. Embora
cada equipamento apresente suas vantagens e desvantagens na aplicacao do carrapaticida,
o tamanho do rebanho bovino e o capital econdmico da propriedade rural é, talvez, o
principal fator de decisdo na escolha de aquisi¢do de um equipamento. Portanto, ndo cabe
dizer que um equipamento é melhor ou pior que outro, mas sim mais adequado a uma
determinada propriedade rural. Para um rebanho grande, a economia de tempo e mao-de-
obra que um pulverizador automatizado pode justificar seu custo de instalagéo. Por outro
lado, um rebanho pequeno, de até uma dezena de bovinos, a bomba costal, quando bem

utilizada, cumpre bem a funcédo de aplicacdo carrapaticida.

Um aspecto ndo abordado de forma quantitativa foi a seguranca de uso de cada
equipamento para o trabalhador. Mesmo com o uso correto dos EPIs, alguns
equipamentos oferecem mais risco de contaminagdo que outros e este € um ponto
relevante que pode ser estudado. Assim como ja existem pesquisas de ergonomia para o
uso da bomba costal, novos estudos comparativos evidenciando 0s aspectos ergonémicos
também podem enriquecer as informacdes oferecidas aos produtores rurais, 0s auxiliando

ainda mais em suas escolhas de aquisi¢do de equipamentos para controle de carrapatos.

Outro aspecto importante, ndo abordado de forma quantitativa neste estudo, é o
custo de aquisicdo de diferentes equipamentos para aplicacdo de carrapaticida em
bovinos, assim como, a economia que cada um pode proporcionar no manejo cotidiano
de uma propriedade rural. Cabe uma avaliagdo complexa para futuros pesquisadores,
talvez de outras areas de pesquisa, do custo real de cada equipamento.
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MINISTERIO DA EDUCACAO ) ‘. S
UNIVERSIDADE FEDERAL DE GOIAS aig
PRO-REITORIA DE PESQUISA E INOVACAO U FG
COMISSAO DE ETICA NO USO DE ANIMAIS/CEUA

CERTIFICADO

Certificamos que a proposta intitulada “Comparacio da eficicia de formula¢dio carrapaticida
aplicada em diferentes sistemas de pulverizacio para controle de Rhipicephalus microplus”,
registrada com o protocolo n°® 073/20, sob a responsabilidade de Caio Maircio de Oliveira Monteiro que
envolve a producdo, manuten¢do ou utilizagdo de animais pertencentes ao filo Chordata, subfilo
Vertebrata (exceto humanos), para fins de pesquisa cientifica (ou ensino) - encontra-se de acordo com os
preceitos da Lei n° 11.794, de 8 de outubro de 2008, do Decreto n® 6.899, de 15 de julho de 2009, e com
as normas editadas pelo Conselho Nacional de Controle de Experimentagao Animal (CONCEA), ¢ foi
aprovada pela COMISSAO DE ETICA NO USO DE ANIMAIS (CEUA) da Universidade Federal de
Goias (UFG), em reuniao de 05/10/2020.

Finalidade: ( ) Ensino (X) Pesquisa Cientifica

Vigéncia da autorizagao (inicio e fim): 05/10/2020 a 30/08/2023
Espécie/linhagem/raga: Bovina (cruzada).

N° de animais autorizados: 30 animais.

Peso/Idade: peso 200 a 500kg, idade 18 a 36 meses.

Sexo: Fémeas.

Origem (fornecedor): Fazenda Escola da EVZ- UFG.
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