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EFECTO DE LA TEMPERATURA, MATERIA ORGANICA Y pH SOBRE LA TOXICIDAD
DE SPINOSAD Y SPINETORAM EN LARVAS DE Aedes aegypti L. (DIPTERA:
CULICIDAE)

Jaime Garcia Severiano, M. en C.

Colegio de Postgraduados, 2019

RESUMEN

El mosquito Aedes aegypti L. (Diptera: Culicidae), se considera el animal méas peligroso al ser
humano debido a la severidad de las enfermedades que transmite. La eficacia del combate quimico
de esta plaga depende, en parte, del efecto que tienen las variables abioticas sobre la eficacia
bioldgica de los insecticidas que se utilizan para su control. En la presente investigacion, se estimo
el impacto que tienen la temperatura, contenido de materia organica y pH, sobre la toxicidad de
spinosad y spinetoram en larvas del cuarto instar de la raza susceptible, New Orleans de Ae.
Aegypti. Se emplearon los bioensayos reconocidos por la Organizacion Mundial de la Salud.
Inicialmente, se determinaron los rangos de supervivencia de las larvas, a los valores de las
variables indicadas. Los resultados obtenidos demuestran que hay sobrevivencia sin que se
presente efecto adverso significativo en las primeras 24 h a temperaturas de 10° C a 35° C. No se
observaron, en las larvas, efectos adversos relacionados con el contenido de materia orgénica. Los
rangos de pH en los que se observé supervivencia van de 4 a 12. Posteriormente, se incluyeron
valores intermedios dentro de esos rangos para realizar los bioensayos completos de cada una de
las variables bajo estudio. Temperatura: la CLsovarié de 0.041 (1.0x; 25 °C) 2 0.053 mg Lt (1.29x;
30 °C) y de 0.10 (0.83x; 30 °C) a 0.12 mg L? (1.0x25 °C) para spinosad y spinetoram,
respectivamente. Materia organica (MO): la CLso de spinosad fluctué entre 0.064 (1.0x; 0% MO)
y 0.22 mg L (3.43x; 13% MO ); en spinetoram, la menor toxicidad se observé con 0% de materia

organica (CLso =0.095 mg L™; CLes =0.36 mg L); los limites fiduciales al 95% se traslaparon
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para el resto de concentraciones tanto a nivel de CLso como de CLgs. pH: la mayor toxicidad del
spinosad se observo a valores de 7, 8, 9 y 10; mientras que para spinetoram, la mayor toxicidad se
observo a pH = 12 (CLso = 0.040 mg L; CLgs = 0.13 mg L™). Se estima que, a pesar de que en
algunos casos se observaron diferencias estadisticas, es poco probable que se reflejen faltas de

control en campo.

Palabras clave: Bioensayo, mosquitos, larvicida, control quimico, spinosinas.



EFFECT OF TEMPERATURE, ORGANIC MATTER AND pH ON THE TOXICITY OF
SPINOSAD AND SPINETORAM AGAINST LARVAE OF Aedes aegypti L. (DIPTERA:
CULICIDAE)

Jaime Garcia Severiano, M. en C.

Colegio de Postgraduados, 2019

ABSTRACT

The mosquito Aedes aegypti L. (Diptera: Culicidae), is considered the most dangerous animal to
the human being due to the severity of the diseases it transmits. The effectiveness of chemical
control of this pest depends, in part, on the effect that abiotic variables have on the biological
effectiveness of the insecticides used for their control. In the present research, the impact of
temperature, organic matter content and pH on the toxicity of spinosad and spinetoram in larvae
of the fourth early instar of the susceptible strain, New Orleans of Ae. Aegypti. The bioassays
recognized by the World Health Organization were used. Initially, the survival ranges of the larvae
were determined, that is, the values of said variables. The results obtained show that there is no
significant adverse effect in the first 24 hours at temperatures of 10 ° C to 35 ° C. Adverse effects
related to the content of organic matter were not observed in the larvae. The pH ranges in which
survival was observed range from 4 to 12. Subsequently, intermediate values within those ranges
were included to perform the full bioassays of each of the variables under study. Temperature: the
LCso ranged from 0.041 (1.0x; 25 °C) to 0.053 mg Lt (1.29x; 30 °C) and from 0.10 (0.83x; 30
°C) t0 0.12 mg L (1.0x; 25 °C) for spinosad and spinetoram, respectively. Organic matter (OM):
the spinosad LCso fluctuated between 0.064 (1.0x; 0% OM) and 0.22 mg L™ (3.43x; 13% OM); in
spinetoram, the lowest toxicity was observed at 0% organic (LCso = 0.095 mg L*; LCes =0.36 mg
L1), the fiducial limits at 95% in the rest of concentrations overlapped at both LCso and LCos. pH:
the highest toxicity of spinosad was observed at pH of 7, 8, 9 and 10, as the pH was lower than 7
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or higher than 10, the LCso values increased.; while for spinetoram, the highest toxicity was
observed at pH =12 (LCso = 0.040 mg L?; LCes = 0.13 mg LY). It is estimated that even though,

in some cases, statistical differences were observed, it is unlikely to reflect field control failures.

Keywords: Bioassay, mosquitoes, larvicide, chemical control, spinosyns.

vii



AGRADECIMIENTOS

Al Consejo Nacional de Ciencia y Tecnologia (CONACYT), por la beca otorgada para realizar

mis estudios de maestria.

Al Colegio de Postgraduados, por brindarme la oportunidad de realizar mis estudios de maestria y

de este modo continuar con mi formacion profesional.

Al Dr. J. Concepcidn Rodriguez Maciel, por todo el apoyo y consejos brindados, sin duda alguna

siempre estaré agradecido, gracias por su comprension

Al Dr. Angel Lagunes Tejeda por el apoyo y la disposicion brindada para la realizacion de la

investigacion, asi como los conocimientos transmitidos.

Al Dr. Gonzalo Ivan Silva Aguayo por las observaciones y aportaciones realizadas a la realizacion

de la presente investigacion.

Al Dr. Filemon Morales Hernandez por la orientacion brindada durante la investigacion.

A mis profesores por todos los conocimientos y consejos transmitidos durante mi formacion

académica.

A los laboratoristas del equipo de Toxicologia y Manejo de Insecticidas del area de Entomologia

y Acarologia, por las facilidades brindadas.

A mis comparieros de cursos por hacer de mi estancia en esta institucion una experiencia agradable.

viii



DEDICATORIA
A la memoria de mi madre
Emelia Severiano Sanchez T Ejemplo de valor, fortaleza, fe y sobre todo amor y apoyo

incondicional, todos mis logros son gracias a ella.

A mi padre

Pablo Jaime Garcia Onofre por la confianza depositada en mi.

A mis hermanos
José Alfredo, Carlos Daniel, Carina Belén y Fernando por sus consejos y palabras de

aliento.

A mi sobrina

Emelia Guadalupe por ser motivacién invaluable para mi.

A mis todos tios y primos en especial a Simona Manuela Severiano Sanchez por sus muestras de

apoyo incondicional, siempre constante.

A Carla Susana por el apoyo y motivacion para el cumplimiento de esta meta.

A mis amigos

Eric, Jhoana, Grace, Daniel, Guadalupe del Carmen, Selene, Oscar Daniel, Lucero,
Juan Antonio, Filemén, Miguel Maya y Mauricio por todos los momentos compartidos

y muestras de apoyo durante mi estancia en esta institucion.

iDe corazon, gracias!



CONTENIDO

PAGINA
RESUMEN .......oiviivieeeeeiesieesseessesssees s sees s s s s s s s esss s anssanssn s iv
ABSTRACT ..ot sessess s s es s s s Vi
LISTA DE CUADROS .....oovteveeveeeeseieseiesee s ssssssssesss s asssss s s ssssssssssssssnssnsssnes xii
INTRODUCCION GENERAL.......oovrivereeeeieseesisssessseesssesse s ssss s ssessanssnes 1
LITERATURA CITADA ....oovveveeeeeeeeeeeessssseeesses s sssassessssssssssasssasssssssnssnsssasssasessn s 5

CHAPTER I. EFFECT OF TEMPERATURE, ORGANIC MATTER AND pH IN THE

TOXICITY OF SPINOSAD AND SPINETORAM AGAINST LARVAE OF Aedes aegypti

(DIPTERA: CULICIDAE) ...ttt st st 10
RESUMEN. ...ttt 10
AB ST R A CT ettt h et n e 11
L1 INTRODUCTION. . ..ottt sbe e ne e 12
1.2 MATERIALS AND METHODS ... .o 13

1.2.1 EXperimental I0CAtIONS ..........ccciieieiiecie et 13
A AN To (1S3 ToT0 |V o) RSSO S R RPOTP 13
1.2.3 INSECHICIARS. ... 13
1.2.4 StUAY VarT@bIES. ......ooviee e e 13
O ot R =T 0T 01T L (1 | PRSI 14
1.2.4.2 The Content of Organic Matter...........cccccceiviiii i 14

L2433 PH. o 15



1.2.5 BHOBSSAYS. ...veiueeteenieeiiesieesteesee st e st e te sttt sb e ste e be et he et e R e b e et e Rt e nre e teene e reere e 15

1.2.6 StatiStiCal ANAIYSIS. .....ociiiiieiie e 16
LB RESULTS L.ttt b ettt h et e e b et e sbe et eesbeeenne e 16
1.3.1 TOMPEIATUNE. ..c.ceeeiiiieiieie et ne e 16
1.3.2 The Organic Matter CONENT. .........cocciiiiiiiee e 17
(1<) = TS 17
1.3.4 Bioassay With INSECTICIARS ...........ciiiiiiiiiieice e 17
1.3.4.1 TEMPEIALUIE. ..o 17
1.3.4.2 The Organic Matter CONTENT. ........ccocviiiiiiieie e 18
(I o) TS 18

1.4 DISCUSSION ...ttt bbbttt sb et e e be e et e e nbe e et e e sbeeente e 19
1.5 CONCLUSION ..ttt e et st sbe e nb e e sbe e e e e 22
1.6 ACKINOWLEDGE ........ooiiiiii ettt 23
L7 TABLES ...ttt b et nne e 23
REFERENCES CITED ....ooiiiiiee ettt 31
CONCLUSIONES GENERALES ...ttt 36

Xi



LISTA DE CUADROS

PAGINA

Table 1. Effect of temperature on the mortality of the fourth early instar larva of the New

Orleans strain of Aedes @BgYPLT L. ....ceiiiiiiiiiii e 23

Table 2. Effect of pH on the mortality of the fourth early instar larva of the New Orleans

Strain Of Aedes @BGYPLE L. ...coue i 24

Table 3. Toxicity of spinosad on early fourth instar larvae of the New Orleans strain of

Aedes aegypti L. at different temperature 1eVElS ...........ccoovveviiiiieii e 25

Table 4. Toxicity of spinetoram on early fourth instar larvae of the New Orleans strain of

Aedes aegypti L. at different temperature leVels. ... 26

Table 5. Toxicity of spinosad on early fourth instar larvae of the New Orleans strain of

Aedes aegypti L. at different levels of organic matter content. ............cccocevviieicieiveinnnn, 27

Table 6. Toxicity of spinetoram on early fourth instar larvae of the New Orleans strain of

Aedes aegypti L. at different levels of organic matter content. ............cccocevvvieiieiveinnnnn, 28

Table 7. Toxicity of spinosad on early fourth instar larvae of the New Orleans strain of

Aedes aegypti L. at different pH IEVEIS. ..o 29

Table 8. Toxicity of spinetoram on early fourth instar larvae of the New Orleans strain of

Aedes aegypti L. at different pH 1eVEIS. ..., 30

Xii



INTRODUCCION GENERAL

Las enfermedades al ser humano transmitidas por insectos vectores representan mas del 17 % de
todas las enfermedades infecciosas, causando mas de 700, 000 muertes al afio (WHO, 2017).
Dentro del orden Diptera, la familia Culicidae, representa un grupo de artropodos de gran
importancia médica. Este grupo incluye varias especies capaces de transmitir importantes
enfermedades a los seres humanos como la malaria, filariasis linfatica, encefalitis japonesa y la

fiebre del oeste del rio Nilo (Jayapriya & Gricilda, 2015; WHO, 2015).

El género Aedes spp se caracteriza por ser un importante vector de arbovirus (WHO, 2015); entre
estos se encuentran, chikungunya, fiebre amarilla, zika, virus Mayaro, dengue clésico y dengue
hemorragico, esta Gltima transmitida principalmente por Aedes aegypti L. (Ringu-Perez et al.,

1997: WHO, 2009)

El dengue es la enfermedad viral humana mas importante transmitida por insectos vectores. La
incidencia y distribucion geogréfica del dengue se ha incrementado en los dltimos afios (Ringu-
Perez et al., 1997). Mundialmente, a causa del mosquito trasmisor del dengue Ae. aegypti mas de
3.9 mil millones de personas en mas de 128 paises estan en riesgo de contraer esta enfermedad.
Anualmente se estiman 96 millones de casos de infeccion (Brady et al., 2012; Bhatt et al., 2013).
En México, durante el afio 2018 se registraron 12,706 casos de infeccion y 45 muertes confirmadas
por dengue, el 82 % de los casos confirmados corresponden a Chiapas, Veracruz, Jalisco, Nuevo

Ledn y San Luis Potosi. (SNVE, 2018)

La primera linea de control de vectores consiste en la implementacion de estrategias de control
como la reduccion o eliminacion fisica de sitios de reproduccion (criaderos) de larvas (Darriet et
al., 2010). Estas medidas incluyen el cubrimiento y limpieza de recipientes o depositos de agua en
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donde se desarrollan los instares acuaticos del mosquito. Cuando no es posible eliminar todos los
sitios de reproduccion larval se recomienda realizar tratamientos con insecticidas (larvicidas). Para
la proteccién del hogar se recomienda también el uso de mosquiteros, repelentes y materiales
impregnados con insecticidas; ademas de la aplicacion de insecticidas en exteriores e interiores

contra adultos (WHO, 2011; WHO, 2012).

Para el control biologico de Ae. aegypti se han empleado peces del género Gambusia spp. los
cuales han demostrado ser eficientes depredadores (Griffin, 2014). También se han empleado
crustaceos de las siguientes especies Macrobrachium pantanalense, M. amazonicum, M.
brasiliense y M. jelskii, las cuales en condiciones de laboratorio han logrado 100 % de control de
todos los instares larvales. En liberacién en campo se observé una reduccion considerable de

adultos (Dourado, 2017).

El control mediante el uso de la Técnica de Insectos Estériles (TIE) es un método que se puede
utilizar para el control de vectores de enfermedades. Se trata de control especifico, basado en la
cria masiva de la especie objetivo y el empleo de la radiacion para esterilizar machos para su
posterior liberacién en campo. La cantidad de machos estériles liberados debe ser alta, lo que
permite que machos estériles compitan con machos silvestres por el apareamiento. Si un macho
estéril se aparea con una hembra silvestre, no se originara progenie, el resultado es una reduccion
drastica 0 en casos extremos, la erradicacion de la especie objetivo (Bourtzis et al., 2016; Benelli,

2015).

Un método reciente para el control de mosquitos se basa en enfoques transgénicos. Esta estrategia
se puede usar para la supresion de la densidad poblacional y se basa en la liberacion continua de

machos que llevan un sistema genético que puede reprimirse durante la cria, pero que es letal para



la progenie sin represor (Thomas et al., 2000). Los experimentos basados en ensayos empleando
estas tecnologias los ha realizado Oxitec® en Brasil, Islas Caiman, México y Malasia. (WHO,
2015). Recientemente, se evalud una cepa autolimitada de Ae. aegypti, OX513A, en la etapa de
evaluacion de campo en Brasil se observo que liberaciones sostenidas de machos Ae. aegypti
OX513A condujeron a una supresion de 80 a 96 % de la poblacion silvestre (Carvalho et al., 2015:

WHO, 2015).

El uso de agentes de control microbiano como Bacillus thuringiensis var. Israelensis (Bti), se
emplea como un eficiente larvicida, cuya accion insecticida se debe a un cristal paraesporal el cual
se constituye por proteinas cristalinas (endotoxinas) las cuales se disuelven en el intestino medio
de la larva del mosquito, dafiando las células epiteliales y causando la muerte. Sin embargo, se ha
demostrado que varias especies de insectos incluido el mosquito, manifestaron resistencia a las

proteinas de Bacillus thuringiensis var. israelensis (Lacey, 2007; Nagqash et al., 2016)

El uso de insecticidas sintéticos para el control de Ae. aegypti, se ha convertido en un elemento
importante y esencial para dicho propdsito (Aponte et al., 2013). El control del mosquito en la
etapa larvaria es necesario y eficiente ya que, durante la etapa inmadura, los mosquitos son
relativamente inmdviles y permanecen mas concentrados que en la etapa adulta. Sin embargo,
algunos efectos colaterales del uso no adecuado de los insecticidas quimicos resultaron en
contaminacion ambiental, efectos sobre organismos no blanco y en el desarrollo de resistencia
fisiologica entre las especies de mosquitos vectores (Arivoli et al., 2015; Jayapriya & Gricilda,

2015).

Muchos de estos programas de manejo integrado para el control de vectores se basan

principalmente en el uso de dos estrategias de control; temefos para el control de larvas e



insecticidas organofosforados y piretroides como adulticidas (Benelli, 2016). En México el uso de
insecticidas sintéticos se ha adoptado como una de las principales estrategias de control, dandose
el uso de temefos por méas de 30 afios y permetrina por mas de 10 afios (Flores et al., 2005). El uso
de insecticidas piretroides, principalmente deltametrina y permetrina, los cuales han sido utilizados
extensamente como adulticidas y representan una fuerte presion de seleccion en diferentes zonas
del pais originando poblaciones con desarrollo de resistencia multiple que ponen en riesgo la
eficacia de los piretroides y en consecuencia los programas de control del vector del dengue
(Aponte et al., 2013). En Meéxico se han detectado casos de resistencia a insecticidas
organofosforados, carbamatos y piretroides en poblaciones de Aedes aegypti (Flores et al., 2006,
2013; Chino-Cantor et al., 2014; Flores, 2016). El uso de insecticidas de origen vegetal se ha
incrementado en las Ultimas décadas debido a la baja cantidad de residuos persistentes en el
ambiente. Los productos vegetales se consideran un enfoque alternativo potencial, ya que son poco
contaminantes para el medio ambiente, especificos para el objetivo y biodegradables (Jayapriya &
Gricilda, 2015). Los insecticidas botanicos en combinacion con agentes microbiales de biocontrol
y reguladores de crecimiento en insectos pueden ser una opcién amigable para el ambiente,
toxicol6gicamente segura y aceptable para su implementacion en programas de control de vectores

(Arivoli et al., 2015).

Para atenuar el desarrollo de poblaciones resistentes en campo se ha hecho énfasis en la
importancia del manejo de fuentes de desarrollo larval y la influencia de los factores en la
expresion de la resistencia hacia algunos insecticidas (Owusu et al., 2017). Para este fin se han
incorporado a través de trabajos de investigacion nuevos grupos quimicos de insecticidas para el
control de instares acuaticos, que se caracterizan por ser principalmente reguladores de crecimiento

como: metopreno, diflubenzuron y pyriproxyfen, este ultimo ha demostrado que actla



eficientemente contra pupas. Se ha comprobado que estas moléculas formuladas para su liberacion
lenta y aplicadas en combinacion con Bacillus thuringiensis var. Israelensis o spinosad son
altamente eficaces para el control de mosquitos (Darriet et al., 2010; Alkenani, 2018). Las
spinosinas y sus andlogos producidos por la fermentacion de Saccharopolyspora spinosa (Mertz
& Yao, 1990), han dado lugar a insecticidas importantes como el spinosad y el spinetoram, mismos
que constituyen una herramienta importante para control de larvas debido al bajo impacto
ambiental, baja toxicidad a humanos y especies no blanco (Huang et al., 2009). Por tanto, deben
considerarse como una herramienta altamente Util para el manejo de vectores en areas con

antecedentes de resistencia a insecticidas.

Con base a la problemética abordada anteriormente, surge la necesidad de evaluar nuevos grupos
de insecticidas bajo condiciones adversas, las cuales son muy frecuentes en campo, con el fin de
determinar si la toxicidad de estos insecticidas se ve afectada de manera significativa, de modo
que se puedan aportar conocimientos que permitan su integracion y uso correcto en programas de
control de vectores, particularmente mosquitos. En la siguiente seccién se abordan los resultados
obtenidos a partir de bioensayos con spinosad y spinetoram sobre Aedes aegypti, bajo diferentes

condiciones de temperatura, contenido de materia organica y pH.
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CHAPTER I. EFFECT OF TEMPERATURE, ORGANIC MATTER AND pH IN THE
TOXICITY OF SPINOSAD AND SPINETORAM AGAINST LARVAE OF Aedes aegypti

(DIPTERA: CULICIDAE)

RESUMEN

El mosquito, Aedes aegypti L. (Diptera: Culicidae), por su capacidad para transmitir una amplia
variedad de arbovirus, es la especie mas peligrosa para el ser humano. El objetivo de este estudio
fue evaluar el efecto de la temperatura, contenido de materia organica y pH en la toxicidad de
spinosad y spinetoram en larvas de la poblacion de referencia New Orleans de Ae. aegypti. El
método de bioensayo utilizado fue el propuesto por la Organizacion Mundial de la Salud.
Inicialmente se determinaron las tasas de supervivencia de esta especie a un rango de valores de
estas variables. Posteriormente, se realizaron dentro de estos rangos, bioensayos para estimar la
toxicidad de ambos insecticidas. Temperatura: la CLso vario de 0.041 (1.0x; 25 °C) a 0.053 mg
L1 (1.29x; 30 °C) y de 0.10 (0.83x; 30 °C) a 0.12 mg L* (1.0x25 °C) para spinosad y
spinetoram, respectivamente. Materia organica (MO): la CLso de spinosad fluctué entre 0.064
(1.0x; 0% MO) y 0.22 mg L (3.43x; 13% MO ); en spinetoram, la menor toxicidad se observd
con 0% de materia organica (CLso =0.095 mg L™*; CLgs=0.36 mg L™?); los limites fiduciales al
95% se traslaparon para el resto de concentraciones tanto a nivel de CLso como de CLgs. pH: la
mayor toxicidad del spinosad se observé a valores de 7, 8, 9 y 10; mientras que para spinetoram,
la mayor toxicidad se observo a pH = 12 (CLso= 0.040 mg L; CLos=0.13 mg L%). Se estima
que, a pesar de que en algunos casos se observaron diferencias estadisticas, es poco probable que

se reflejen faltas de control en campo.

Palabras clave: Bioensayo, mosquitos, larvicida, control quimico, spinosinas.
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ABSTRACT

The mosquito, Aedes aegypti L. (Diptera: Culicidae), for its ability to transmit a wide variety of
arboviruses, is the most dangerous species to humans. This study aimed to evaluate the effect of
temperature, organic matter content, and pH on spinosad and spinetoram toxicity on early fourth
instar larvae of the New Orleans strain of Ae. aegypti. The bioassay method used was the one
proposed by the World Health Organization. Initially, the survival rate of this species to a range
of values of these variables were determined. Subsequently, between these rates, bioassays were
carried out to estimate the toxicity of both insecticides. Temperature: the LCso ranged from 0.041
(1.0x; 25 °C) t0 0.053 mg L (1.29x; 30 °C) and from 0.10 (0.83x; 30 °C) to 0.12 mg L™ (1.0x;
25 °C) for spinosad and spinetoram, respectively. Organic matter (OM): the spinosad LCso
fluctuated between 0.064 (1.0x; 0% OM) and 0.22 mg L (3.43x; 13% OM); in spinetoram, the
lowest toxicity was observed at 0% organic (LCso = 0.095 mg L; LCes =0.36 mg L), the
fiducial limits at 95% in the rest of concentrations overlapped at both LCso and LCgs. pH: the
highest toxicity of spinosad was observed at pH of 7, 8, 9 and 10, as the pH was lower than 7 or
higher than 10, the LCsxo values increased.; while for spinetoram, the highest toxicity was
observed at pH =12 (LCso = 0.040 mg L; LCos = 0.13 mg L. It is estimated that even though,

in some cases, statistical differences were observed, it is unlikely to reflect field control failures.

Keywords: Bioassay, mosquitoes, larvicide, chemical control, spinosyns.
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1.1 INTRODUCTION

The mosquito, Aedes aegypti L., (Diptera: Culicidae), has become the most dangerous animal
species for humans due to the frequency and severity of the viral diseases it transmits (Darriet et
al. 2010). This species is widely distributed in tropical and subtropical areas of Mexico that are
located at altitudes below 1700 AMSL (Ibafiez-Bernal 1987). However, in September 2015, the
presence of larvae was detected in two locations in Mexico City, at 2,250 meters above the
average sea level (Kuri-Morales et al. 2017). Therefore, it is expected that in the short term this

species may represent a new threat to nearly 20 million people living in this city.

Despite control actions, the management of this vector poses important challenges such as the
outbreaks of diseases to the human being, development of resistance to insecticides, and the
expansion of the geographical zones that it infests (Arivoli et al. 2015; Benelli et al. 2017). In
Mexico, combating this species is mainly based on the destruction of the larval habitat and the
use of insecticides. Currently, society demands the use of effective insecticides with less adverse
effects on health and the environment (Benelli et al. 2017). An alternative to these demands is
the use of bioinsecticides such as spinosad and spinetoram. Spinosad is an insecticide composed
of a mixture of two metabolites (Spinosyn A and D) that are derived from the fermentation of the
bacteria (Actinomycete), Saccharopolyspora spinosa Mertz & Yao, 1977 (Salgado 1998).
Spinetoram is a molecule of the Spinosyn family that is effective against different pest species
(Sparks et al. 2008; Vassilakos et al. 2012; Vassilakos & Athanassiou 2013) and consists of a
mixture of two synthetically modified spinosyns (Spinosyn J and L). Both insecticides share the
same mode of action and act on the nicotinic acetylcholine receptor (nNACh), which is different
from that of neonicotinoids (Watson et al. 2010, Dripps et al. 2011). However, to optimize the

performance in the field of these insecticides, it is important to know the impact that
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environmental variables have on their toxic potency. Therefore, this study aimed to evaluate the
toxicity of spinosad and spinetoram on early fourth instar larvae of A. aegypti in different

conditions of temperature, organic matter content, and pH.

1.2 MATERIALS AND METHODS

1.2.1 Experimental locations

The study was conducted, under laboratory conditions, from Mar 2018 to Oct 2018, at the
facilities of the Toxicology Area of the College of Postgraduate, Campus Montecillo, State of

Mexico.

1.2.2 Aedes aegypti.

We used the New Orleans strain of Ae. aegypti, which is characterized by being susceptible to
insecticides. The Faculty of Biological Sciences of the Autonomous University of Nuevo Leon,

Mexico, provided this population.

1.2.3 Insecticides

Two commercial formulations of insecticides were evaluated: Natular® (Spinosad, emulsifiable
concentrate, 20.6%, 239 g of a.i. L, Clarke Mosquito Control Products, Inc., Mexico) and
Exalt® (Spinetoram, concentrated suspension, 5.87%, 60 g of a.i. L™, Dow AgroSciences,

Mexico). Serial dilutions were prepared using distilled water.

1.2.4 Study variables.

Before the bioassays with insecticides, the capacity range of the larvae to support, without visible

adverse effects, different temperature degrees, organic matter content, and pH levels, was
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evaluated. In containers of 127 mL capacity, with 100 mL of drinking water (Bonafont®), 20
early fourth instar larvae were added. After 24 h of exposure to the respective treatment, the
mortality percentage was evaluated. In total, five replications of each treatment were carried out,
and the experimental units were maintained in controlled environmental conditions: photoperiod
12:12 h L: D and 25 + 2 °C. In the evaluation of the effect of temperature, the indicated

photoperiod was maintained at different temperature values.

1.2.4.1 Temperature.

Bioclimatic chambers (Thermo Scientific®) were individually adjusted to the desired
temperature. Plastic disposable transparent cups with 100 mL of drinking water, were set up
inside the bioclimatic chambers, for six hours. To verify the temperature values, a thermometer
(Hanna instruments®, H198128) was placed inside these cups. Initially, the survival of larvae

was evaluated for a period of 24 h, at 5, 10, 15, 20, 25, 30, 35, 40, 45 and 50 °C of temperature.

1.2.4.2 The Content of Organic Matter.

A commercial vermicomposting was used, which is sold in bulk without a trademark. The
compost was homogenized with a No. 25 mesh of 0.707 mm.). The following concentrations
(weight / volume) of organic matter were prepared, using drinking water as diluent: O (control),

1.0,4.7,9.0, 13.0, 16.6 and 23%.
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1.2.4.3 pH.

The pH was measured with a potentiometer (Hanna instruments®, H198128). To adjust the pH,
phosphoric acid (H2POa, 85%, Mexichem S.A.B. de C.V. Mexico) or sodium hydroxide (NaOH,
98%, J. T. Baker, Sweden) was used. The survival of larvae of Ae. aegypti at pH values of 2, 3,

4,5 6,7,8,9, 10, 11, 12, 13 and 14 was recorded.

1.2.5 Bioassays.

Bioassays were carried out with the indicated insecticides, at different values of temperature,
organic matter content, and pH, within the survival ranges Ae. aegypti larvae, using the
methodology of the World Health Organization (WHO 2005). Initially, the range of
concentrations in which there was zero and 100% mortality was determined (biological response
window). Subsequently, seven intermediate equidistant concentrations covering that range were

included.

In containers with a capacity of 127 mL, with 100 mL of drinking water and 20 larvae of the
fourth early instar larvae, 1 mL of the required concentration of insecticide was added. After 24 h
of exposure, the mortality percentage was evaluated. A larva was considered dead if it lacked
mobility or it exhibited abnormal movements (WHO 2005; Chino-Cantor et al. 2014). In total,
five replications were performed on a different day, and each replication included an untreated
control. The maximum accepted mortality for the control was 10%, and this was adjusted with
Abbott’s formula (1925). The experimental units were kept under controlled environmental
conditions: 25 + 2 °C and a photoperiod of 12:12 h L:D. For the case of evaluations at different
temperatures, the experimental units were kept at the required temperature (= 2 °C) and a
photoperiod of 12:12 h L:D.
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1.2.6 Statistical Analysis.

To estimate the lethal concentration at 50 (LCso) and 95% mortality (LCos), and their respective
fiducial limits at 95% reliability, a Probit analysis was performed using the PROC PROBIT
procedure of the statistical software SAS 9.4 (SAS Institute 2016). The larval response was
considered different when the fiducial limits did not overlap (Robertson & Preisler 1992). The
susceptibility index (SI), was obtained by dividing the LCso (95) Of the respective variable value,
between the LCsp (95) Of the value that was considered as the basis of comparison. For
temperature, organic matter content and pH, the reference values were 25 °C, 0%, and 7,
respectively. The criterion of Mazzarri and Georghiou (1995) was used to estimate if the
differences observed in the 1Sso and 1Sgs, may reflect significant deviation in the response that
could impair field efficacy. This criterion considers that a variation <5x would not affect the
effectiveness of the insecticide in the field; between 5 and 10x there would be a moderate
resistance and >10x there would be no control in the field due to the expression of high

resistance.

1.3 RESULTS

1.3.1 Temperature.

At temperatures of 5 °C or above 40 °C, 100% mortality of larvae was obtained (Table 1). At 10
and 15 °C, there was no mortality, but the larvae showed a significantly reduced mobility, and
this condition could interact with the toxic potency of spinosad and spinoteram; therefore, they
were not included in the evaluation of insecticides. Therefore, Spinosad and Spinetoram were

evaluated at 20, 25, 30 and 35 °C (Table 1).
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1.3.2 The Organic Matter Content.

No adverse effects of the organic matter were observed on all the evaluated concentrations: 0
(control), 1.0, 4.7, 9.0, 13.0, 16.6 and 23% (weight / volume). It was not possible to evaluate
higher concentrations of organic matter because there was not enough free water left for larval

development.

1.3.3 pH.

Mortality of larvae at the pH of 2, 3, 13 and 14 was observed (Table 2). There was no evidence
of visible adverse effects in the pH range of 4 to 12. Therefore, the toxicity of spinosad and

spinetoram in the following pH values was evaluated: 4, 5, 6, 7, 8, 9, 10, 11 and 12.

1.3.4 Bioassay with insecticides

1.3.4.1 Temperature.

Spinosad. The LCso value for spinosad ranged from 0.042 to 0.053 mg L™, and overlap of
fiducial limits was observed at 20 and 25 °C (Table 3). The values of the LCso at 30 and 35 °C
overlapped each other and were statistically different from those observed at 20 and 25 °C. A
variation in ISsg values from 1.0 to 1.29x was observed (Table 3). At the LCgs level, the variation
in response was between 0.17 and 0.19 mg L%, the fiducial limits, at all the temperature levels

evaluated, overlapped and the variation of 1Sgs values ranged from 1.0 to 1.05x (Table 3).
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Spinetoram. The LCso for spinetoram varied from 0.10 to 0.12 mg L™ and overlap of fiducial
limits was observed in the four temperature levels evaluated, with values of 1Ssqo between 0.83

and 1.0x (Table 4). A Similar situation was observed at the level of the LCgs, which ranged from

0.35 to 0.50 mg L%, and the 1Sgs values were between 0.7 and 1.0x.

1.3.4.2 The Organic Matter Content.

Spinosad. The LCso of spinosad fluctuated between 0.064 and 0.22 mg L™, which corresponds to
ranges of 1Sso from 1.0 to 3.43x (Table 5). The lowest toxic potency was observed at 13% of
organic matter (LCso = 0.22 mg L™, ISso = 3.43x). At the LCos level, values were between 0.23
and 0.92 mg L* (Table 5) and the lowest toxicity was also observed at 13% organic matter (LCos
=0.92 mg L%; ISgs = 4.0x), with 1Sgs values that ranged from 1 (0% organic matter) to 4.0x

(13% organic matter) (Table 5).

Spinetoram. The lowest toxicity values were observed at 0% organic matter, both at the LCsg
(0.095 mgL™1) and the LCogs (0.36 mg L) levels (Table 6). The 95% fiducial limits for the rest of
the evaluated levels of organic matter overlapped, at both LCso and LCgs, indicating that there

was no significant difference between them (Table 6).

1.3.4.3 pH.

Spinosad. The highest toxicity was observed at pH values of 7 (LCso = 0.032 mg L), 8 (LCso =
0.031 mg L), 9 (LCso = 0.026 mg L) and 10 (LCso = 0.028 mg L™2). The ISso presented values
between 0.81 and 1.0x (Table 7). As the pH was lower than 7 or higher than 10, the LCso values
increased, indicating a decrease in the toxic potency of spinosad (Table 7). At the LCos level, the

highest toxicity was observed at pH 6 (LCgs = 0.15mg L), 7 (LCos = 0.11 mg L), 8 (LCgs =

18



0.12mg L), 9 (LCos =0.10 mg L) and 10 (LCos = 0.11 mg L™1). With pH values lower or
higher than indicated, the spinosad toxicity decreased. The variation of 1Sgs was 1.0 to 2.72x

(Table 7).

Spinetoram. The LCso values obtained varied between 0.040 mg L (pH = 12) and 0.2 mg L™
(pH = 4). The 1S5 ranged between 0.33 and 1.66x (Table 8). The LCgs values were in the range
of 0.13 mg L (pH = 12) and 0.71 mg L™ (pH = 4). The ISgs ranged from 0.33 to 1.82x. In both
mortality levels (50 and 95%), establishing the pH of 7 as the reference, the toxicity showed a

tendency to reduce as the pH approached 4 and to increase as the pH approached 12 (Table 8).

Although in some cases, a reduction in the toxic potency of both spinosad and spinetoram at
different temperature levels, organic matter content and pH was observed, it is considered that is
not high enough to cause an alert of their biological field effectiveness against larvae of A. aegypti.
In those cases, the reduction in toxicity is not comparable to that experienced by insecticide

resistant populations, according to the criteria of Mazzarri and Georghiou (1995).

1.4 DISCUSSION

Su & Cheng (2014a) selected a population of Culex quinquefasciatus Say, with spinosad for 45
generations, and a significant increase in the proportion of resistance was observed. The LCsg
went from 1,415 to 2,229x%, while the LCoo rose from 9,613 to 17,062x. In this case, the
evaluated population was considered resistant to spinosad and these bioassays values correlated

with field failure, in agreement with the criteria of Mazzarri & Georghiou (1995).

The environmental variables not only can reduce the toxic potency of insecticides, but also

increase the severity of the pest or facilitate extending its geographical range. For example, the
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increase in temperature over time tends to be more severe in urban areas due to the "heat island”
effect, where building materials, and vehicle use which release pollutants, further raise the
temperature in comparison of similar places covered with vegetation (Rosenthal et al. 2007).
This scenario increases the risk of Ae. aegypti invasion to new geographical areas or increase the
frequency of disease transmission where it is already present (Vieira et al. 2015). In Mexico City,
Barradas (1991) confirm differences of up to 5.6 °C between urban areas with vegetation and
built-up areas, and this may be the factor that recently allowed Ae. aegypti to invade this huge

urban area (Kuri-Morales et al. 2017).

It has been shown that the soil temperature correlates with better development of larvae of this
pest, which translates into more adults and therefore more frequent diseases transmitted (Vieira
et al. 2015). The temperature may significantly modify field efficacy of some insecticides
(Johnson 1990; Vieira et al., 2015). For example, the toxicity of organophosphorus and
pyrethroid type Il insecticides increases with increasing temperature, while the opposite occurs
with the type | pyrethroids (Johnson 1990). In other cases, temperature does not affect the toxic
potency of an insecticide. Athanassiou et al. (2008), as well as Vassilakos & Athanassiou (2013),
indicated that in Rhyzopertha dominica Fabricius; Sitophilus oryzae L. and Tribolium confusum
Jacquelin du Val, the temperature has little effect on the toxicity of spinosad and spinetoram, in

agreement with this study.

The bodies of water, where larvae of Ae. aegypti develop, are characterized by being stagnant
and having low organic matter contents (Leyva et al., 2016). However, it cannot be ruled out that
this species expands its distribution zone, developing under conditions of the higher amount of
organic matter as happened with C. quinquefasciatus (Salazar & Moncada 2004; Leyva et al.

2016). Studies conducted by Li et al. (2018) on the absorption coefficient of clothianidin and
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thiamethoxam (neonicotinoids) indicate that the higher the organic carbon (organic matter)
content and soil pH, the higher the adsorption coefficient. Ping et al. (2010) documented that, in
soils treated with exogenous humic acids, imidacloprid adsorption was greater at low pH and
temperature. In the present study, a slight decrease in spinosad toxicity was observed in water
with high contents of organic matter, indicating a certain degree of adsorption; but in the case of
spinetoram, no significant effect of organic matter was observed, as was the case with the study

conducted by Ping et al. (2010) with imidacloprid.

The pH can have important effects on the toxicity of several insecticides. In studies conducted by
Aktar et al. (2010) with methomyl, they had observed slightly higher dissipation rates with at an
alkaline pH (9.2); thus, faster degradation and reduction of useful half-life under field conditions.
Liu and Li (2004) indicated that the photodegradation of spinosyn A and D was slower in an
aqueous acidic solution, compared to an alkaline solution. In this research, the toxicity of

spinetoram was not affected by the pH levels evaluated, which agrees with Dripps et al. (2008).

The pH values of the water infested with larvae, of this and other species, may have important
variations. For example, preliminary observations indicated that the bodies of water of Lake
Texcoco, State of Mexico, have a pH of 8.7 to 9.7. We estimate that this pH value would not be
an obstacle for Ae. aegypti to invade this area, which is currently at a distance of no more than 20
km from Mexico City. Under this condition, we also expect that the biological performance of
both spinosad and spinetoram is not affected. However, spinosad and spinoteram are highly
prone to resistance (Su & Cheng 2014b). Therefore, their use must be rational and within an
integrated pest management program that considers the appropriate rotation of insecticide groups
that are effective and lack of cross-resistance. Su & Cheng (2014b) documented that in C.

quinquefasciatus, the presence of spinosad resistance does not affect the performance of Bacillus
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thuringiensis israelensis (Bti), methoprene, pyriproxyfen, diflubenzuron, novaluron, temephos,

and imidacloprid.

It is possible that a field application of spinosad or spinoteram at different conditions of
temperature, organic matter content, and pH, may affect the length of the protection. However, it
is unlikely to affect the intensity of their toxic potency since the range of response in all cases
were <5x, which coincides selection studies with spinosad (Su & Cheng, 2014a) and spinetoram
(Su & Cheng, 2014b). However, other conditions could also affect the field performance of the
biological effectiveness of the insecticides used to combat Ae. aegypti. According to Vassilakos
& Athanassiou (2013), the protection period is also affected by the quality of the commercial
formulation and the resistance level of the target pest. Therefore, the use of chemicals against
this pest must be based on the results of samplings, and field evaluations of the insecticides
intended to be used. Laboratory bioassays generate early warnings of possible adverse effects of
environmental variables on the toxic potency of the insecticides that are integrated into pest

control programs.

Spinosad and Spinetoram are promising alternatives for the control of A. aegypti larvae, given its
efficacy in the field, which can last from six to 13 weeks (Marina et al. 2011) and the fact that it

does not affect pollinators or biological control agents (Williams & Valle 2003).

1.5 CONCLUSION

The response to spinosad and spinoteram in the fourth early instar larvae of Ae. aegypti, under a
wide range of temperature (20-35 °C) organic matter (0-28 % p/v) content and pH (4-12),
showed a small variation as reflected on susceptibility index <5x. Thus, the toxic potency of both

insecticides is not significantly influenced by the evaluated variables.
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1.7 TABLES

Table 1. Effect of temperature on the mortality of the fourth early instar larva of the New

Orleans strain of Aedes aegypti L.

Mortality (%) Average

Temperature
I ] Il v \/ Total mortality + EE?

5 100 100 100 100 100 100 100
10 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0
25 0 0 0 0 0 0 0
30 0 0 0 0 0 0 0
35 0 0 0 0 0 0 0
40* 5 10 10 5 5 7 712
45 100 100 100 100 100 100 100
50 100 100 100 100 100 100 100

n= Number of larvae treated per replication =20; # Standard error

* Adverse effect on the larva of the fourth instar in the value of 40 °C was observed
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Table 2. Effect of pH on the mortality of the fourth early instar larva of the New Orleans strain

of Aedes aegypti L.

Mortality (%) Average
pH
I ] Il v \/ Total mortality + EE?
2 100 100 100 100 100 100 100
3* 50 50 35 65 60 52 52+5.1
4 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
13* 100 80 95 95 90 92 92+34
14 100 100 100 100 100 100 100

n = Number of larvae treated per replication = 20;  Standard error

* Adverse effect on the larva of fourth instar was observed in the values of 3 and 13
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Table 3. Toxicity of spinosad on early fourth instar larvae of the New Orleans strain of Aedes

aegypti L. at different temperature levels.

LCso LCogs®
T t Pr >
emperature gl°  b:EE: (95% LFi) (95% LF) MSso MSgs
(C) v
mg L? mg L*
0.042 0.19
20 700 5 2.51+0.17 021 1.02 1.11
(0.038-0.046)  (0.15-0.24)
0.041 0.17
25 700 5 2.64+0.16 0.65 1.00 1.00
(0.037-0.045)  (0.14-0.21)
0.053 0.18
30 700 5 3.05:0.19 033 129 1.05
(0.048-0.058)  (0.15-0.22)
0.053 0.17
35 600 4 3.22+0.21 042 129 1.00

(0.049-0.058)  (0.14-0.21)

Total larvae treated; "Degrees of freedom; “Slope + standard error; “Estimated concentration that
causes 50% mortality; ®Estimated concentration that causes 95% mortality, '95% fiducial limits,
9Probability greater than 2= fitting test to a straight line, "Susceptibility index = LCso (s5) test at 20

30 and 35 °C / LCso (95 of the assay at 25 °C
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Table 4. Toxicity of spinetoram on early fourth instar larvae of the New Orleans strain of Aedes

aegypti L. at different temperature levels.

L Cso LCos®
Temperature . b p+EE (95% LF) (95% LF)  Pr>y% MSso MSes
(°C)
mg L? mg L*
0.11 0.40
20 800 6 3.01£0.17 020 092 080
(0.10-0.12)  (0.35-0.49)
0.12 0.50
25 700 5 2.80+0.19 073 100 1.00
(0.11-0.14)  (0.42-0.62)
0.10 0.35
30 800 6 3.08+0.18 053 083 070
(0.095-0.11)  (0.30-0.41)
0.10 0.43
35 800 6 2.63+0.16 095 083 0.86

(0.094-0.11)  (0.36-0.54)

aTotal larvae treated; "Degrees of freedom; “Slope + standard error; “Estimated concentration that
causes 50% mortality; ®Estimated concentration that causes 95% mortality, '95% fiducial limits,
9Probability greater than 2= fitting test to a straight line, "Susceptibility index = LCso (o5) test at 20

30 and 35 °C / LCso (95 of the assay at 25 °C

26



Table 5. Toxicity of spinosad on early fourth instar larvae of the New Orleans strain of Aedes

aegypti L. at different levels of organic matter content.

Organic

LCso? (95% LF) LCos® (95% LF)

matter  n= gl°  b+EE: Pr>y% MSsp "Ses
mg L* mg L*
(%)
0.064 0.23
0.0 700 2.89x0.17 0.62 1.00 1.00
(0.058-0.070) (0.20-0.29)
0.14 0.47
1.0 600 3.12+0.21 0.97 2.18 2.04
(0.12-0.15) (0.39-0.58)
0.18 0.62
4.7 600 3.12+0.21 0.43 2.81 2.69
(0.17-0.20) (0.53-0.77)
0.17 0.70
9.0 600 2.70x0.19 0.71 2.65 3.04
(0.15-0.19) (0.57-0.89)
0.22 0.92
13.0 700 2.65x0.17 0.37 3.43 4.00
(0.20-0.24) (0.77-1.15)
0.17 0.69
16.6 600 2.77x0.20 0.29 2.65 3.00
(0.16-0.19) (0.57-0.88)
0.17 0.71
23.0 700 2.67x0.17 0.15 2.65 3.08
(0.15-0.19) (0.60-0.88)

Total larvae treated; "Degrees of freedom; “Slope + standard error; “Estimated concentration that

causes 50% mortality; ®Estimated concentration that causes 95% mortality, '95% fiducial limits,

9Probability greater than y?= fitting test to a straight line, "Susceptibility index = LCso (g5) of

organic matter / LCso(gs) test without organic matter.
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Table 6. Toxicity of spinetoram on early fourth instar larvae of the New Orleans strain of Aedes

aegypti L. at different levels of organic matter content.

Organic
L Cso¢ (95% LF)  LCos® (95% LFY)
matter  ne b+EE: Pr>y% MSs MSes
mg L* mg L*
(%)
0.095 0.36
0.0 800 2.80+0.17 0.93 1.00 1.00
(0.087-0.0104)  (0.31-0.44)
0.060 0.24
1.0 800 2.71x0.16 0.99 0.63 0.67
(0.055-0.065) (0.20-0.30)
0.061 0.24
4.7 800 2.71x0.16 0.15 0.64 0.67
(0.055-0.066) (0.20-0.30)
0.054 0.20
9.0 800 2.92+0.17 0.61 0.57 0.56
(0.050-0.059) (0.17-0.24)
0.069 0.18
13.0 700 3.85x0.24 0.90 0.73 0.50
(0.064-0.074) (0.16-21)
0.065 0.17
16.6 700 3.93+0.24 0.90 0.68 0.47
(0.061-0.070) (0.15-0.20)
0.068 0.17
23.0 700 5 4.05x0.25 0.88 0.72 0.47
(0.063-0.072) (0.15-0.20)

Total larvae treated; "Degrees of freedom; “Slope + standard error; “Estimated concentration that

causes 50% mortality; ®Estimated concentration that causes 95% mortality, '95% fiducial limits,

9Probability greater than 2= fitting test to a straight line, "Susceptibility index = LCso(os) 0f organic

matter / LCso(gs) test without organic matter.
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Table 7. Toxicity of spinosad on early fourth instar larvae of the New Orleans strain of Aedes

aegypti L. at different pH levels.

LCso® (95% LF)

LCos*® (95% LFY)

H n gl° b+EE Pr>y%  MSsy  MSgs
P J mg L? mg L? *
0.083 0.30
4 800 6 2.92+0.17 0.76 2.59 2.72
(0.076-0.092) (0.25-0.37)
0.065 0.23
5 700 5 2.94+0.19 0.10 2.03 2.09
(0.059-0.072) (0.19-0.30)
0.046 0.15
6 700 5 3.17+0.19 0.65 1.43 1.36
(0.042-0.051) (0.13-0.18)
0.032 0.11
7 700 5 3.12+0.19 0.13 1.00 1.00
(0.030-0.035) (0.095-0.13)
0.031 0.12
8 600 4 2.77+0.21 0.48 0.96 1.09
(0.028-0.034) (0.10-0.15)
0.026 0.10
9 600 4 2.76+0.20 0.58 0.81 0.90
(0.023-0.029) (0.086-0.13)
0.028 0.11
10 700 5 2.77+0.17 0.78 0.87 1.00
(0.025-0.030) (0.093-0.13)
0.048 0.19
11 700 5 2.73+0.17 0.29 1.50 1.72
(0.043-0.052) (0.15-0.24)
0.035 0.14
12 700 5 2.69+0.17 0.58 1.09 1.27
(0.032-0.038) (0.12-0.17)

Total larvae treated; "Degrees of freedom; Slope + standard error; Estimated concentration that

causes 50% mortality; *Estimated concentration that causes 95% mortality, '95% fiducial limits,

9Probability greater than 2= fitting test to a straight line, "Susceptibility index = LCsp (o5) test at

different pH levels / LCso (95) with pH = 7.
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Table 8. Toxicity of spinetoram on early fourth instar larvae of the New Orleans strain of Aedes

aegypti L. at different pH levels.

LCso (95% LF:) mg

LCos* (95% LF)

H nm gl° bxEE Pr>y% slSso 1S5
p g L1 mg L X
0.20 0.71
4 800 6 3.09+0.18 014 166 1.82
(0.19- 0.22) (0.61-0.85)
0.17 0.57
5 800 6 3.19+0.18 045 142 1.46
(0.16-0.19) (0.49-0.68)
0.16 0.52
6 700 5 3.23+0.20 076 133 1.33
(0.15-0.17) (0.44-0.63)
0.12 0.39
7 700 5 3.22+0.20 096 1.00 1.00
(0.11-0.13) (0.33-0.47)
0.10 0.30
8 700 5 3.43+0.21 062 083 0.76
(0.092-0.108) (0.26-0.36)
0.11 0.33
9 700 5 3.52+0.22 021 091 0.85
(0.105-0.123) (0.28-0.40)
0.096 0.29
10 700 5 3.38+0.21 086 080 0.74
(0.089-0.104) (0.25-0.35)
0.049 0.16
11 700 5 3.08+0.19 025 041 041
(0.045-0.053) (0.14-0.20)
0.040 0.13
12 800 6 3.16+0.18 076  0.33 0.33
(0.037-0.043) (0.11-0.15)

Total larvae treated; ®Degrees of freedom; Slope + standard error; “Estimated concentration that

causes 50% mortality; *Estimated concentration that causes 95% mortality, '95% fiducial limits,

9Probability greater than y 2= fitting test to a straight line, "Susceptibility index = LCso (o5) test at

different pH levels / LCso (95) with pH = 7.
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CONCLUSIONES GENERALES

A partir de la evaluacion de pruebas de sobrevivencia a los factores de estudio se observé que Ae.
aegypti sobrevive a rangos amplios de temperatura (10-35), materia organica (>23 % p/v) y pH

(4-12).

Después de la observacion de resultados de mortalidad obtenidos a partir de bioensayos y
analizados mediante modelo Probit se determiné que en indice de Susceptibilidad (1S) obtenido
en funcion de la CLso y CLogs no es significativo, ya que en todos los casos el IS fue menor a 5, lo
cual indica que los factores evaluados a diferentes niveles no ejercen efecto significativo sobre la
toxicidad de spinosad y spinetoram, por lo que se espera que en campo no se observe efecto de
estos factores, de modo que estas moléculas pueden aplicarse a las dosis recomendadas sin

necesidad de la implementacion de alguna medida correctiva.

Derivado de la presencia de poblaciones resistentes de mosquitos a carbamatos, organofosforados
y piretroides en diferentes regiones de México, el uso de spinosad y spinetoram representa una
alternativa eficiente para el control de larvas, las cuales por su habito se encuentran mas
localizadas. A pesar de que su uso en programas de Salud Publica es reciente, debe de considerarse
un uso adecuado de estas moléculas incorporandolas en programas de rotacién de insecticidas ya

que existe riesgo de desarrollo de resistencia al tratarse de ingredientes homdélogos.

Se recomienda también la aplicacion de estas moléculas en combinacion con reguladores
crecimiento como piriproxifen, metopreno y diflubenzuron asi como insecticidas microbiales
como Bacillus thuringiensis var israelensis pues numerosos estudios sugieren que se prolonga el
periodo de control de larvas limitandola emergencia de adultos. La implementacion de estas

estrategias de control debe de realizarse cuando se observe presencia de fuentes de desarrollo larval
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lo cual coincide con épocas de lluvia debido a que el costo de implementacion es elevado ademas
debe combinarse con estrategias de control para adultos esto con el fin de prolongar la vida util de

estos insecticidas dentro de los programas de control de vectores.
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