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RESUMEN 

En los últimos años ha aumentado la utilización de mallas protectoras en 

agricultura como un método de producción para reducir el estrés sobre los 

cultivos, provocado por condiciones climáticas desfavorables. Además de 

mejorar la calidad y producción de cultivos, debido a la protección física para 

las que fueron diseñadas inicialmente, las mallas protectoras han tenido 

efectos positivos sobre algunos aspectos fisiológicos de los cultivos. Es por 

esto que se han desarrollado mallas con propiedades foto-selectivas de 

distintos colores y factores de sombreo utilizadas en producción comercial, 

con el objetivo de promover respuestas fisiológicas específicas de las plantas. 

La mayoría de los estudios que utilizan mallas foto-selectivas (MPS) se han 

centrado en los efectos que éstas tienen en la fisiología o morfología de las 

plantas, así como en las condiciones micro-climáticas del huerto bajo MPS 

(cantidad y calidad de luz, humedad relativa, temperatura, etc.). 

Secundariamente, se han estudiado los efectos de estos sistemas de 

producción sobre las poblaciones de insectos plaga. Sin embargo, estudios de 

los efectos de MPS sobre el gremio de enemigos naturales de estas plagas, 
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aún son escasos. El objetivo de esta tesis fue evaluar el desempeño de dos 

enemigos naturales de insectos plaga bajo cubiertas de MPS (color perla y 

roja), mallas estándar (ME) negra y sin ningún tipo de malla (control), en 

condiciones de laboratorio. Se seleccionaron dos modelos de estudio 

pertenecientes a dos grupos funcionales de enemigos naturales: primero, un 

depredador, Harmonia axyridis (Coleoptera: Coccinellidae), y segundo, un 

parasitoide, Mastrus ridens (Hymenoptera: Ichneumonidae). Se 

seleccionaron estos dos enemigos naturales ya que, aunque ambos cumplen 

el rol de controlar eficientemente a los insectos plaga, son funcionalmente 

distintos en el agroecosistema: uno es un parasitoide especialista que depende 

de un solo huésped para reproducirse y el otro es un depredador generalista 

afidófago que necesita de varias presas para alimentarse. 

En el primer capítulo, se evaluó el efecto de distintas MPS y ME negra sobre 

el comportamiento, localización de presa y eficiencia de depredación de 

larvas de tercer estadio (L3), machos y hembras del depredador H. axyridis. 

Los resultados mostraron que entre tratamientos hubo diferencias en el 

comportamiento de búsqueda sólo para L3 y no para los adultos. Además, 

dentro de cada tratamiento, para los tres tipos de depredadores, hubo un 

mayor tiempo destinado a la búsqueda de su presa, comparado con las otras 
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etapas de comportamiento. La localización de presa de los adultos fue 

potenciada bajo MPS perla y retrasada bajo ME negra, probablemente porque 

en el caso de los adultos los estímulos visuales son importantes para encontrar 

a su presa. La eficiencia de depredación no fue afectada por la presencia de 

MPS o ME negra para ningún depredador. 

En el segundo capítulo, se evaluó el efecto de distintas MPS y ME negra 

sobre el comportamiento, localización de huésped y parasitismo del 

parasitoide M. ridens. Respecto al comportamiento del parasitoide, 

independiente del color de las mallas, las hembras pasaron la mayor parte del 

tiempo en la etapa de pre-contacto. Dentro de la etapa de pre-contacto, 

excepto bajo MPS roja, las hembras pasaron una mayor cantidad de tiempo 

en la etapa de grooming comparada a la etapa de búsqueda de huésped. 

Atributos biológicos como parasitismo, fertilidad, fecundidad realizada y 

proporción sexual de la descendencia no fueron afectados por la presencia de 

MPS o ME negra. Sin embargo, la localización de huésped fue mayor bajo 

MPS perla y roja, y se vio retrasada bajo ME negra. Similar a H. axyridis los 

estímulos visuales son relevantes para el parasitoide al momento de localizar 

a su huésped. 
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Para ambos enemigos naturales se puede concluir que en condiciones de 

laboratorio el uso de MPS y ME negra influencian el comportamiento y la 

capacidad de localizar a su presa/huésped, sin embargo, no afectan la 

eficiencia de depredación o de parasitismo. Es por esto que es necesario en 

el futuro realizar estudios de campo a una mayor escala, tanto espacial como 

temporal, para evaluar el potencial efecto del uso de estos sistemas de 

producción sobre distintos atributos biológicos de enemigos naturales. 

Palabras clave: mallas foto-selectivas, control biológico, calidad de luz, 

cantidad de luz, depredador, parasitoide. 
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ABSTRACT 

In recent years there has been an increase in netting utilization in agriculture 

as a production method to reduce stress on crops, against adverse climatic 

conditions. In addition to improve crop quality and yield, due to the physical 

protection for which they were designed, protective nets have had positive 

effects on some physiological aspects of crops. Therefore, nets with photo-

selective properties of different colors and shading factors have been 

developed and used in commercial production, to promote specific plant 

physiological responses. Most of the research on the use of photo-selective 

nets (PSN) have focused on the effects on plant physiology or morphology, 

as well as on the crop microclimatic conditions underneath PSN (light 

quantity and quality, relative humidity, temperature, etc.). Additionally, 

studies have been carried out to assess the effect of these production systems 

on insect pest populations. However, studies about the effects of PSN on the 

natural enemies guild, are still lacking. This thesis aimed to evaluate the 

performance of two natural enemies of insect pest under PSN (pearl and red), 

black standard net (SN) and without any type of net (control), in laboratory 
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conditions. Two study models were selected belonging to the two main 

natural enemies functional groups: first, a predator, Harmonia axyridis 

(Coleoptera: Coccinellidae), and second, a parasitoid, Mastrus ridens 

(Hymenoptera: Ichneumonidae). These two natural enemies were selected 

because, although both fulfill the role of efficiently controlling insect pests, 

they are functionally different in the agroecosystem: one is a specialist 

parasitoid that depends only on one host for reproduction and the other is a 

generalist aphidophagous predator that needs several preys to feed. 

In the first chapter, the effect of different PSN and black SN on the behavior, 

prey localization, and predation efficiency of third-instar larvae (L3), males, 

and females of the predator H. axyridis was evaluated. The results showed 

that there were differences among treatments in the foraging behavior only 

for L3, but not for adults. Also, within each treatment, for the three types of 

predators, there was a higher amount of time allocated for prey searching, 

compared to the other foraging behaviors. Adults prey localization was 

enhanced under pearl PSN and delayed under black SN, probably because, 

for adults, visual stimuli are important for prey finding. Predation efficiency 

was not affected by the presence of PSN or black SN, for any predator. 
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In the second chapter, the effect of different PSN and black SN on the 

behavior, host localization, and parasitism of the parasitoid M. ridens was 

evaluated. For the behavior of the parasitoid, regardless of net color, females 

spent most of the time in the pre-contact behavior. Within the pre-contact, 

except under red PSN, females spent a higher amount of time grooming, 

compared to searching. Biological attributes like parasitism, fertility, realized 

fecundity, and offspring sex ratio were not affected by PSN or black SN. 

However, host localization was enhanced under pearl and red PSN and 

delayed under black SN. Similar to H. axyridis, visual stimuli are relevant for 

the parasitoid to locate their host. 

For both natural enemies it can be concluded that in laboratory conditions 

PSN and black SN influence their behavior and prey/host localization ability, 

however, they do not influence predation or parasitism. Therefore, is 

necessary to carried out future field studies at a higher scale, both spatially 

and temporally, to evaluate the potential effects of these production systems 

on different biological attributes of natural enemies. 

Keywords: photo-selective nets, biological control, light quality, light 

quantity, predator, parasitoid. 
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INTRODUCCIÓN GENERAL  

Agroecosistemas y servicios eco-sistémicos 

Los agroecosistemas son necesarios para la producción de alimentos 

suficientes para cubrir las necesidades de la creciente población humana, sin 

embargo, se requieren sistemas sostenibles que consigan la producción 

requerida sin dañar el medio ambiente en el proceso (Pretty and Bharucha 

2014; Reganold and Wachter 2016). En este sentido, la inclusión de nuevas 

prácticas dirigidas a la reducción del uso de agro-químicos que disminuyan 

el impacto sobre la biodiversidad, la salud humana y el medioambiente, son 

fundamentales (Wratten et al. 2013; BaraŒski et al. 2014; Tubiello et al. 

2015). En los últimos años, se han propuesto sistemas agrícolas de base 

agroecológica (Kremen et al. 2012; Gurr et al. 2016) centrados en estudiar 

algunas prácticas agrícolas para mejorar los servicios eco-sistémicos (SES) 

relevantes para la productividad agrícola como el control biológico de plagas 

(Tomich et al. 2011; Wratten et al. 2012; Wezel et al. 2014). Los SES son 

servicios que las personas obtienen de los ecosistemas y que pueden ser 
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culturales (recreación y valor estético), de apoyo (ciclo de nutrientes y 

fotosíntesis), provisión (producción de alimentos) y de regulación 

(polinización, regulación de plagas) (Millennium Ecosystem Assesment 

2005; Wezel et al. 2014), siendo estos últimos dos los relevantes en este 

estudio. De esta manera, han tomado mayor importancia los cultivos 

orgánicos, los cuales son sistemas de producción que mantienen la salud de 

los suelos, ecosistemas y personas al promover los procesos ecológicos, la 

biodiversidad y ciclos adaptados a condiciones locales sin la utilización de 

insumos externos que tengan efectos adversos (Lernoud and Willer 2017). A 

pesar de estos esfuerzos en investigación, todavía hay una falta de 

implementación de éstas prácticas ecológicas en los sistemas agrícolas 

convencionales (Reganold and Wachter 2016). La falta de estudios a escala 

local de cómo se estructura la red alimentaria en distintos sistemas agrícolas 

y que afecta directamente al control biológico de plagas (González-Chang et 

al. 2016), y de estudios que consideren la diversidad de las interacciones que 

ocurren en ambientes naturales (Wirta et al. 2014), contribuyó en el pasado 

al fracaso en la implementación de programas de control biológico (Gurr and 

Wratten 2000). Esta falta de conocimientos también puede ocasionar 

resultados inesperados e indeseados como efectos negativos sobre 
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depredadores nativos, parasitoides y plantas por introducción de especies 

exóticas (Louda et al. 2003). Por lo tanto, para reducir el impacto del manejo 

de cultivos sobre los servicios ecosistémicos es necesario estudiar la 

influencia de cada decisión agrícola, en nuestro caso, la implementación del 

uso de cubiertas de mallas. 

Uso de cubiertas de mallas en agroecosistemas 

En los últimos años, ha aumentado la utilización de mallas protectoras en 

agricultura como un método de producción para reducir el estrés sobre los 

cultivos provocado por condiciones climáticas desfavorables como alta 

radiación solar, viento y granizadas (Iglesias and Alegre 2006; Alaphilippe 

et al. 2016). Las mallas de exclusión representan uno de los medios más 

accesibles para proteger a los cultivos contra el ataque de plagas, actuando 

como una barrera física que previene su llegada a los cultivos (Chouinard et 

al. 2016). Los distintos sistemas de exclusión se clasifican en completos e 

incompletos: en las mallas de exclusión incompletas el suelo no está excluido 

del área encerrada, permitiendo que varias especies plaga completen su ciclo 

de vida y permanezcan dentro del área encerrada. Sin embargo, en las mallas 

de exclusión completas, el suelo si está excluido del área encerrada; este es 
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el caso para algunos sistemas ñfila por filaò (Chouinard et al. 2016; Manja 

and Aoun 2019). La diferencia de las mallas de exclusión con las mallas de 

sombreo es que en éstas últimas, los lados no están cubiertos, la malla está 

presente sólo por encima del cultivo (Chouinard et al. 2016) lo que permite 

que los insectos tengan libre acceso al lugar. Dentro de las mallas de sombreo, 

las más comúnmente utilizadas son las mallas de color negro ya que son 

económicas para el agricultor, siendo las mallas estándar en estudios 

realizados principalmente en cultivos de hortalizas (Shahak 2008; Selahle et 

al. 2015; Ayala-Tafoya et al. 2018), así como en estudios que evaluaban el 

efecto del uso de cubierta de mallas sobre poblaciones de áfidos en cultivos 

vegetales (Ben-Yakir et al. 2012). Esto con el objetivo de disminuir los 

efectos de la radiación solar excesiva y prevenir daños físicos en los cultivos 

ya que aumentan el sombreado en el huerto y en algunos casos controlan el 

daño causado por granizo (Iglesias and Alegre 2006). Las mallas estándar 

(ME) negras, al mismo tiempo, disminuyen la disponibilidad de radiación 

fotosintéticamente activa y de radiación ultravioleta en los cultivos, sin 

embargo, no afectan la calidad de la luz ni modifican su composición 

espectral, o su contenido relativo de luz dispersada (Shahak 2008). En 

cultivos frutales, los daños provocados por el sol afectan directamente a los 
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frutos y pueden disminuir la producción comercial de los cultivos ya que el 

color del fruto es importante al momento de determinar su valor en el 

mercado (Iglesias and Alegre 2006). Respecto a esto, el uso de mallas ha 

mostrado tener un efecto positivo en la disminución de frutos afectados por 

quemaduras de sol mediante una reducción en la incidencia directa de 

radiación sobre el fruto y de la temperatura de la fruta bajo las mallas (Iglesias 

and Alegre 2006). En hortalizas se ha utilizado ME negra principalmente para 

controlar la cantidad de luz y la temperatura que llega a los cultivos (Ben-

Yakir et al. 2012), con resultados positivos en cuanto a la reducción de la 

cantidad de radiación incidente y una consecuente menor temperatura en las 

hojas de las plantas (Ayala-Tafoya et al. 2015, 2018; Iliĺ et al. 2017). Como 

se mencionó anteriormente, las ME negras han sido las más comúnmente 

utilizadas en agricultura. Sin embargo, debido a las nuevas necesidades de 

los productores de mejorar la calidad de los cultivos y la producción, además 

de la protección física, es que a lo largo de los años se han ido desarrollando 

mallas de distintos colores y entramados, con propiedades foto-selectivas con 

el objetivo de promover características deseadas de la planta y que han 

comenzado a ser cada vez más utilizadas en producción comercial (Shahak 

et al. 2004a; Duduzile et al. 2016). 
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Uso de mallas foto-selectivas (MPS) 

Las mallas foto-selectivas (MPS) han sido diseñadas para filtrar varios 

componentes de la radiación solar y/o transformar luz directa en luz difusa 

(Antignus 2014), al incorporar aditivos cromáticos o elementos que reflejan 

la luz o que absorben radiación UV en el material de polietileno (Antignus 

2000; Iliĺ et al. 2017). Éstas comenzaron a ser utilizadas para mejorar la 

producción ya que combinan protección física del cultivo junto con filtración 

diferencial de la radiación solar, modificando las condiciones micro-

climáticas del huerto como por ejemplo la intensidad y calidad de la luz, 

temperatura del suelo, velocidad del viento y humedad relativa (Iglesias and 

Alegre 2006; Rigden 2008; Mupambi et al. 2018). Esto para promover 

respuestas fisiológicas específicas de la planta que utiliza la luz para regular 

procesos involucrados en su crecimiento y desarrollo (Shahak et al. 2004b, 

c; Racsko and Schrader 2012; Mupambi et al. 2018). Las mallas se han 

desarrollado con el objetivo de ir en favor de la producción tanto de hortalizas 

(pimiento, tomate, pepino) (Shahak 2008; Papaioannou et al. 2012; Ayala-

Tafoya et al. 2015; Iliĺ et al. 2017) como de especies frutales (arándanos, 

granada, manzanos) (Shahak et al. 2008b; Bastías and Corelli-Grappadelli 
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2012; Lobos et al. 2013; Meena et al. 2016). Las MPS están diseñadas para 

modificar la luz en el rango espectral del ultravioleta (UV), visible o rojo 

lejano (Shahak 2008; Iliĺ et al. 2017). Aquellas que absorben radiación UV, 

bloquean la transmisión de ésta en el rango de 200-400 nm pero no interfieren 

con la transmisión del rango visible del espectro de luz (Antignus et al. 1996). 

Las mallas de colores pueden ser rojas, azules, amarillas, naranjas, grises, 

blancas y perlas, entre otras. Estas últimas tres no parecen tener color al ojo 

humano, sin embargo, modifican el espectro no visible y/o aumentan la 

dispersión de la luz (Shahak et al. 2004c). Las de color azul tienen un peak 

de transmitancia en la región azul-verde (400-540 nm) absorbiendo en las 

regiones de radiación UV, amarillo, rojo y rojo lejano; y las de color amarillo 

transmitiendo luz desde 500 nm hacia arriba. Las MPS de color perla no 

enriquecen ninguna longitud de onda en particular, pero sí reducen la 

cantidad de luz UV y están diseñadas para dispersar la luz más que otras 

mallas de colores (Shahak et al. 2004c; Iliĺ et al. 2017). Debido a estas 

modificaciones espectrales, la utilización de MPS perla aumenta el tamaño 

de la fruta y su firmeza, rendimiento total y reduce la pérdida de peso del 

fruto después del almacenaje (Shahak 2008; Shahak et al. 2008b, 2016; 

Selahle et al. 2015). Por otro lado, las MPS de color rojo absorben UV, azul 
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y verde, transmitiendo desde 590 nm hacia arriba en la región del rojo y rojo 

lejano (Shahak 2008). Esta malla puede potenciar el proceso de fotosíntesis 

y aumentar la biomasa de la planta, el crecimiento vegetativo, así como el 

peso promedio de frutos lo que puede llevar a una mejor producción (Shahak 

2008; Ayala-Tafoya et al. 2018). 

El costo de mallas de sombreo, incluyendo las de color negro, puede ir desde 

2500 a 8500 dólares por hectárea dependiendo del material (De Vilder et al. 

2015). Esto sin considerar los costos asociados a la instalación, mano de obra, 

o tipo de construcción, lo que eleva sustancialmente la inversión asociada a 

utilizar estos método de producción (Iglesias and Alegre 2006; Rigden 2008). 

Las MPS de colores tienen un mayor valor costando alrededor de 10.000 

dólares por hectárea (Richard Bastías, comunicación personal). Otro aspecto 

importante a tener en cuenta es la vida útil de las mallas. Se menciona que 

las mallas de polietileno de alta densidad (HDPE) tienen buena durabilidad y 

que deberían durar al menos 10 años (Rigden 2008), por ejemplo la malla de 

color negro anti-granizo puede tener una duración de hasta 15-20 años 

(Iglesias and Alegre 2006; Brglez Sever et al. 2015). Las mallas de otros 

colores, incluyendo las fabricadas por Polysack Industries utilizadas en este 

estudio pueden durar entre 5 a 9 años (Shahak et al. 2004a; Brglez Sever et 



 

9 
 

al. 2015). Todas las mallas fabricadas de polietileno de alta densidad son 

reciclables (Castellano et al. 2008) lo cual es un aspecto muy relevante en la 

actualidad por la problemática asociada al uso de plástico a nivel mundial y 

que debe considerarse cuando se utilicen las mallas en actividades 

relacionadas a la agricultura (Tudor et al. 2019; Cascone et al. 2020). 

Uso de las mallas en Chile 

Al igual que en otros lugares del mundo como por ejemplo Israel, Estados 

Unidos, España e Italia (Bastías et al. 2012; Shahak 2014; Kalcsits et al. 

2017; Lopez-Marín et al. 2019), el uso de mallas en Chile busca reducir el 

estrés causado por alta radiación solar y altas temperaturas, que en especies 

frutales se manifiesta como golpe de sol en los frutos el cual es el principal 

problema para los agricultores representando alrededor del 40% de pérdidas 

económicas (Moggia and Yuri 2003; Bastías 2016). Los estudios llevados a 

cabo en Chile han utilizado MPS ubicadas horizontalmente sobre los cultivos 

los cuales se han enfocado en plantas de la vid (Corvalán et al. 2016), 

arándanos (Retamales et al. 2008; Lobos et al. 2012) y manzanos (Umanzor 

et al. 2016; Olivares-Soto and Bastías 2018). Se ha estudiado el efecto de 

mallas de distintos colores y factores de sombreo sobre las condiciones 
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ambientales del cultivo, distintos aspectos relacionados a la calidad de los 

frutos (golpe de sol, color), crecimiento vegetativo, rendimiento del cultivo, 

así como aspectos fisiológicos de la planta misma. La utilización de estas 

mallas ha tenido efectos positivos en cuanto a la reducción de la cantidad de 

radiación directa que llega al cultivo y, en consecuencia, la cantidad de frutos 

afectados por golpe de sol (Retamales et al. 2008; Corvalán et al. 2016; 

Umanzor et al. 2016; Olivares-Soto and Bastías 2018). Sumado a esto, se ha 

visto que las MPS, en particular de color rojo y perla, mejoran características 

fotosintéticas así como rasgos físicos de la planta (tamaño foliar) y de los 

frutos (color y peso) (Corvalán et al. 2016; Umanzor et al. 2016). 

Efecto de mallas sobre la fauna 

La mayoría de los estudios que utilizan MPS o ME negra se centran en los 

efectos que éstas tienen en la fisiología de las plantas y en mejorar la 

eficiencia de luz para potenciar la calidad de los cultivos (Shahak et al. 2004b, 

c; Shahak 2008; Iliĺ and Fallik 2017; Mupambi et al. 2018). Las mallas 

protectoras además, independiente de si son de exclusión o de sombreo, 

funcionan como una barrera mecánica que detiene el paso de plagas de 

insectos, aves y murciélagos, siendo las mallas de exclusión las que tienen 



 

11 
 

un efecto más pronunciado sobre la fauna (Lloyd et al. 2005; Rigden 2008; 

Sauphanor et al. 2012; Chouinard et al. 2016, 2017). 

En el caso de abejas polinizadoras es poco probable que se vean afectadas ya 

que son capaces de atravesar orificios de 12 mm en las mallas, sin embargo, 

en el caso que los orificios sean más pequeños, las colmenas pueden ser 

introducidas exitosamente durante el periodo de floración (Rigden 2008). 

Otra medida adoptada es la apertura de mallas (de exclusión y de sombreo) 

en ciertos momentos de la temporada para ayudar al movimiento de abejas y 

permitir mejorar el flujo de aire si es que la polinización por viento es un 

factor importante (Rigden 2008; Chouinard et al. 2017). En el caso de los 

murciélagos frugívoros, en Australia, además de ser considerados plaga, 

éstos juegan un rol ambiental importante al actuar como polinizadores de 

flores y dispersores de semillas (Rigden 2008), por lo tanto, esta acción se 

podría ver beneficiada con la medida de abrir las mallas durante ciertos 

momentos del año. 

Sumado a esto, se ha visto que la utilización de mallas diseñadas para mejorar 

la producción, pueden interferir con la capacidad de los insectos de poder 

visualizar a sus plantas hospederas y de diferenciarlas de su entorno (Ben-
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Yakir et al. 2012) ya que el componente UV del espectro de luz juega un rol 

importante en el comportamiento del insecto, incluyendo su orientación y 

alimentación (Antignus 2000). Por ejemplo, las mallas con propiedades 

absorbentes en el rango UV-A y UV-B tienen un efecto positivo en disminuir 

la llegada de insectos como áfidos, ácaros y moscas blancas en comparación 

a mallas estándar (Chiel et al. 2006; Ben-Yakir et al. 2012; Legarrea et al. 

2012a; Antignus 2014). Basado en estos resultados, se sugiere que bajo 

condiciones de deficiencia de luz UV los insectos no pueden orientarse en el 

cultivo, y como consecuencia, disminuyen su movimiento y/o alimentación 

(Antignus et al. 1996; Antignus 2000). En comparación a mallas de color 

negro y rojas, las MPS de color amarillo y perla han demostrado ser más 

eficientes en reducir el nivel de infestación de áfidos y moscas blancas, así 

como de distintas enfermedades virales asociadas a estas plagas (Shahak et 

al. 2008a; Antignus 2010; Ben-Yakir et al. 2012). Aparentemente el 

mecanismo de protección de las mallas está asociado con la repelencia de 

insectos por la alta reflexión de la luz que tienen las MPS amarilla y perla en 

el rango visible del espectro, comparada con la baja reflexión de las MPS roja 

y negra (Ben-Yakir et al. 2012). Por lo tanto, otro aspecto relevante del uso 

de mallas en general es la disminución de las aplicaciones de insecticidas 
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necesarias en huertos debido a una menor presencia de insectos plagas 

(Alaphilippe et al. 2016). 

El arreglo de barreras ópticas está basado en la habilidad de los insectos de 

percibir señales de luz que afectan drásticamente su orientación de vuelo y 

su aterrizaje, así como su interacción con las plantas hospederas en términos 

de alimentación y tasas de propagación (Antignus 2014). Esto debido a que 

los insectos son capaces de percibir la luz a través de un par de ojos 

compuestos que facilitan la visión (Antignus 2014). Los pigmentos visuales 

ubicados en los omatidios son proteínas unidas a membrana conocidas como 

opsinas que están conjugadas con un cromóforo, y que permiten la visión al 

transformar la energía lumínica en una señal bioeléctrica que llega al sistema 

nervioso (Antignus 2014). La capacidad de los insectos de percibir señales 

lumínicas en el rango UV (300-400 nm) está asociada con la presencia de 

fotorreceptores específicos en su ojo compuesto (Antignus 2014). 

Efecto de mallas sobre enemigos naturales (EN) 

Debido a que las áreas cubiertas por mallas de exclusión son inaccesibles, 

esto significa un impacto para distintos grupos de animales, como por 

ejemplo, parasitoides y depredadores, en cuanto a su dispersión, búsqueda de 
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alimento y reproducción (Maraveas 2020). Así mismo, en el caso de mallas 

de sombreo estándar y MPS, éstas influyen en la actividad del gremio de 

enemigos naturales (EN) de los insectos plaga. Estudios que hablan de la 

relación que existe entre el uso de mallas UV-absorbentes y el desempeño de 

parasitoides reportan que el comportamiento de búsqueda de su huésped no 

se ve afectado por la deficiencia de luz UV en el ambiente (Chiel et al. 2006; 

Sal et al. 2008; Legarrea et al. 2014; Dáder et al. 2015). Por otro lado, también 

se ha observado que en algunos casos los parasitoides parecen desempeñarse 

bien en condiciones de baja luz UV, reflejado en mayores tasas de 

parasitismo (Dáder et al. 2015). De esta manera, se sugiere que existen 

respuestas especie-específicas a la luz UV y que el resultado del uso de 

materiales UV-absorbentes no se debe generalizar a otras especies (Chiel et 

al. 2006; Legarrea et al. 2012b; Dáder et al. 2015). En los casos en que los 

parasitoides no se ven afectados por la falta de luz UV se sugiere que éstos 

utilizan señales olfativas más que visuales para localizar a su huésped 

(Chyzik et al. 2003; Chiel et al. 2006). Y, al contrario, para las especies que 

se desempeñan mal en ambientes deficiente de UV, los estímulos visuales 

son importantes para localizar a su huésped y las longitudes de onda UV son 

esenciales para que el insecto pueda percibir estas señales (Chiel et al. 2006). 
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Al igual que el grupo de los parasitoides, los depredadores también han 

mostrado una preferencia por ambientes sin ningún tipo de malla, en 

comparación a mallas de exclusión o MPS (Dib et al. 2010; Cramer et al. 

2019), o ambientes donde esté disponible todo el espectro de luz (similar a 

condiciones de luz del sol) (Omkar et al. 2005). En el estudio de Cramer et 

al. (2019), además de la deficiencia de luz UV en el ambiente, los autores le 

atribuyeron la disminución del movimiento del escarabajo a una mayor 

proporción de luz difusa presente en el ambiente ya que esta especie en 

particular prefiere luz directa. Esto porque al igual que especies parasitoides 

del orden Hymenoptera, depredadores del orden Coccinellidae también 

tienen fotoreceptores en el rango del UV, azul y verde y, por lo tanto, se ven 

atraídas a este rango espectral (Lin 1993; Nabli et al. 1999; Zhou et al. 2013). 

Sin embargo, existen estudios que hablan del efecto neutro que tienen las 

MPS sobre algunas especies de depredadores (Dáder et al. 2015). Debido a 

las inconsistencias en estos resultados, tanto para parasitoides como 

depredadores, es importante seguir realizando investigaciones a nivel local 

de los posibles efectos que tendrían estos sistemas de producción de cultivos 

(MPS y ME negra) sobre el servicio ecosistémico entregado por estos 
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controladores biológicos (depredadores y parasitoides), de regulación de 

poblaciones de insectos plaga. 

Cultivos frutícolas y hortícolas 

Los cultivos frutícolas y hortícolas son propensos a sufrir daños provocados 

por factores climáticos como radiación solar, granizadas y altas temperaturas, 

o bien por la acción de insectos plaga en distintos cultivos (Lloyd et al. 2005; 

Ben-Yakir et al. 2014). Así, la protección de la producción contra plagas es 

uno de los pilares fundamentales de los programas orientados a la seguridad 

de los recursos alimenticios para la población mundial (Mazzi and Dorn 

2012). Actualmente, las exigencias de los mercados internacionales van 

dirigidas a la producción de frutas y vegetales con altos estándares de calidad 

para exportación, que no exhiban ningún tipo de daño provocado por insectos 

plaga (Díaz et al. 2006; Pajac et al. 2011; Papaioannou et al. 2012) y 

procedentes de cultivos orgánicos o comerciales sujetos a un régimen de 

manejo integrado de plagas (MIP) y enfermedades. En agricultura, un insecto 

se considera una plaga si se presenta en tal cantidad que le causa daño a un 

cultivo y este es suficiente para reducir la cosecha y/o la calidad del producto 

(van Lenteren 2006). Por lo tanto, la búsqueda de alternativas de control para 
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lograr una cosecha de calidad y buena condición en post-cosecha es un gran 

desafío. 

Dentro del orden Lepidoptera (mariposas y polillas) existen especies 

importantes que causan grandes pérdidas económicas en agricultura debido a 

que atacan a los frutos (Sorensen 2009). Uno de los ejemplos más reportados 

en la literatura es la polilla de la manzana Cydia pomonella (Linneo) 

(Lepidoptera: Tortricidae) que ataca a distintos árboles frutales (pomáceas 

principalmente) y es considerada la plaga clave del manzano a nivel mundial 

(Welter 2009). Esta especie ha alcanzado prácticamente una distribución 

global debido a su gran potencial de adaptación convirtiéndola en uno de los 

insectos plaga más exitosos conocidos (Thaler et al. 2008). Esta plaga es 

difícil de controlar debido al corto intervalo de tiempo que existe entre la 

eclosión de la larva neonata y su entrada al fruto donde causa el daño, por lo 

tanto, ese es el momento crucial para aplicar métodos de control lo que 

requiere de mucha precisión (Hughes et al. 2003). Debido al daño directo que 

ocasiona en los frutos, C. pomonella ha sido tradicionalmente controlada 

mediante la aplicación de insecticidas (Reyes et al. 2007; Rodríguez et al. 

2010). Sin embargo, esta especie ha desarrollado resistencia a la mayoría de 

las materias activas de insecticidas disponibles en el mercado para su control, 
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situación que dificulta la efectividad de las estrategias de control (Sauphanor 

et al. 2000; Fuentes-Contreras et al. 2007; Knight 2008; Rodríguez et al. 

2012; Bosch et al. 2018). Debido a las exigencias del mercado de reducir el 

uso de insecticidas en los agroecosistemas, proteger la salud humana y del 

medio ambiente, y evitar la pérdida de biodiversidad, es que han tomado 

importancia las estrategias de manejo integrado de plagas (MIP) incluyendo 

el uso de controladores biológicos de insectos plaga. Para C. pomonella se 

han estudiado distintos enemigos naturales para su control, incluyendo 

entomopatógenos, depredadores y parasitoides (Lacey and Unruh 2005). 

Dentro de este último grupo, M. ridens Horstmann (Hymenoptera: 

Ichneumonidae) es un ectoparasitoide idiobionte gregario específico de 

larvas de quinto estadio o pre-pupas de C. pomonella (Bezemer et al. 2005). 

Es un parasitoide importante de la polilla de la manzana en su región de 

origen en Asia Central (sur de Kazajstán y norte de China) (Hougardy et al. 

2005; Mills 2005) que ha sido utilizado en programas de control biológico 

clásico contra esta plaga en países como Estados Unidos, Chile y Argentina 

(Mills 2005; Devotto et al. 2010; Tortosa et al. 2014). Se han realizado 

estudios de especificidad de este parasitoide utilizando alrededor de 15 

especies de lepidópteros como potenciales huéspedes de M. ridens, dentro de 
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las cuales, cuatro especies fueron ocasionalmente atacadas y sustentaron el 

desarrollo de algunas larvas hasta el estado adulto (Department of 

Agriculture Fisheries and Forestry 2013). Sin embargo, el número de 

potenciales huéspedes atacados por M. ridens y de larvas que alcanzaron la 

adultez fue significativamente menor que en C. pomonella, por lo tanto, se 

plantea que este parasitoide es un enemigo natural específico de esta plaga 

(Department of Agriculture Fisheries and Forestry 2013). 

Por otro lado, y también considerados insectos plaga, especies del orden 

Hemiptera (áfidos) pueden causar serios daños en muchos cultivos debido a 

su forma de alimentación polífaga, provocando daños físicos directos, 

transmisión de patógenos virales hacia las plantas de las cuáles se alimentan 

y causando enormes pérdidas económicas por reducción de la producción 

(Sorensen 2009; Tian et al. 2017). Uno de los áfidos más importantes es 

Myzus persicae (Hemiptera: Aphididae), un insecto plaga extremadamente 

polífago (se alimenta de más de 400 especies de plantas pertenecientes a más 

de 50 familias) y con un gran rango de relaciones hospedero-planta (Völkl et 

al. 2007; Tian et al. 2017). La gran importancia de M. persicae radica en su 

alta eficiencia como vector de virus, transmitiendo más de 100 virus hacia las 

plantas incluyendo cultivos de papa, tabaco, y tomates (Völkl et al. 2007; 
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Tian et al. 2017). Al igual que C. pomonella, esta especie ha tratado de ser 

controlada mediante la utilización de insecticidas. Sin embargo, existen 

poblaciones que han exhibido distintos mecanismos de resistencia (Sorensen 

2009; Li et al. 2016), por lo tanto, el uso de controladores biológicos contra 

esta especie juega un rol fundamental en su control. Para áfidos, se han 

utilizado parasitoides y depredadores pertenecientes a los órdenes 

Hymenoptera (Braconidae), Diptera (Syrphidae y Cecidomyiidae) y 

Coleoptera (Coccinellidae) (Gomes et al. 2018; Yi et al. 2019). Dentro de 

este último grupo, la chinita asiática o chinita arlequín Harmonia axyridis 

(Pallas 1773) (Coleoptera: Coccinellidae) es un depredador generalista 

afidófago nativo de Asia (Dobzhansky 1933) que juega un rol importante en 

el control de M. persicae (Gomes et al. 2018). Este coccinélido ha sido 

utilizado en programas de control biológico clásico, aumentativo y de 

conservación contra insectos plaga (Roy et al. 2006) debido a que las larvas 

y adultos son depredadores voraces de moscas blancas y áfidos, permitiendo 

regular sus poblaciones en agroecosistemas y bosques (Ahmed et al. 2017). 

El control biológico es una alternativa al uso de insecticidas tradicionales 

para el control de insectos plaga que ha tomado mucha relevancia en los 

últimos años para regular los niveles poblacionales de especies como M. 
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persicae y C. pomonella. Para ambas especies, se ha estudiado y aplicado el 

uso de enemigos naturales, incluyendo a H. axyridis y M. ridens, 

respectivamente, los cuales juegan un rol importante para su control. 

Por lo tanto, y en base a los antecedentes recién mencionados, podemos 

apreciar que existen numerosos estudios que dan cuenta del efecto que tienen 

las MPS y ME negra en la fisiología de las plantas, en la producción de 

cultivos, así como en poblaciones de insectos dañinos. Sin embargo, las 

investigaciones respecto a las consecuencias de la utilización de estos 

sistemas de producción sobre el gremio de enemigos naturales de insectos 

plaga son escasas. Debido a que el uso de estos sistemas de producción se 

está generalizando en Chile y en otros países, es importante realizar 

investigaciones que permitan comprender los efectos que tienen los distintos 

tipos de mallas actualmente en uso sobre el desempeño de enemigos naturales 

utilizados (un depredador y un parasitoide) a nivel local.  
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HIPÓTESIS 

En base a la información expuesta anteriormente que reportan (1) el efecto 

de mallas foto-selectivas (MPS) perla y roja, y mallas estándar (ME) negra 

sobre aspectos físicos y fisiológicos de plantas, sobre el microclima de los 

cultivos donde son utilizadas, debido a una alteración en la cantidad y calidad 

de la luz que llega a la superficie, y (2) considerando además los efectos sobre 

poblaciones de insectos plaga y sus enemigos naturales que indican los 

mismos antecedentes, se propone la siguiente hipótesis general de 

investigación: 

¶ Las cubiertas de MPS perla y roja y ME negra alteran la actividad del 

depredador Harmonia axyridis sobre su presa, y del parasitoide 

Mastrus ridens sobre su huésped, disminuyendo la eficacia de 

búsqueda de presa/huésped así como la depredación y el parasitismo, 

debido a la diferencia de disponibilidad y calidad de luz. 
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En particular, se propone abordar las siguientes preguntas de investigación 

específicas sobre la actividad de depredación y parasitismo de estos dos 

enemigos naturales: 

Å ¿Las mallas foto-selectivas (MPS) perla y roja, y malla estándar (ME) 

negra, retrasan la localización de la presa o del huésped de los 

enemigos naturales, en comparación a la no utilización de mallas? 

Å ¿Las mallas foto-selectivas (MPS) perla y roja, y malla estándar (ME) 

negra, disminuyen la eficiencia de depredación y parasitismo de los 

enemigos naturales, en comparación a la no utilización de mallas? 

Å ¿Las mallas foto-selectivas (MPS) perla y roja, y malla estándar (ME) 

negra, alteran el comportamiento inicial de búsqueda de presa y 

huésped de los enemigos naturales, en comparación a la no utilización 

de mallas? 

Å ¿Los efectos medidos sobre los enemigos naturales serán influenciados 

diferencialmente por el color de malla utilizada (MPS perla, MPS roja 

y ME negra)? 

Predicción: Se espera que la ME negra tenga un efecto más negativo sobre la 

localización de presa y huésped, la depredación y parasitismo, así como el 
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comportamiento inicial de ambos enemigos naturales, debido al mayor factor 

de sombreo que posee, disminuyendo una mayor cantidad y calidad de luz en 

comparación a MPS roja y perla. 
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Justificación para la hipótesis 

Cantidad de luz 

Algunas especies de los órdenes Hymenoptera y Coleoptera son sensibles a 

la disponibilidad de luz presente en el ambiente, cuya actividad se ha 

asociado positivamente con la cantidad de luz (Tan et al. 2014; Chen et al. 

2016). Esto se ha reflejado en mayores tasas de parasitismo (parasitoides), o 

mayor velocidad y capacidad de búsqueda de presa (depredadores) bajo una 

mayor intensidad de luz (Bahlai et al. 2008; Schirmer et al. 2008; Tan et al. 

2014). Debido a que las MPS y la ME negra disminuyen la cantidad de luz 

disponible en el ambiente (Bastías et al. 2012; Lobos et al. 2012; Arthurs et 

al. 2013; Acero 2015; Zhou et al. 2018), la actividad de los enemigos 

naturales disminuirá en presencia de estas mallas, en comparación a la no 

utilización de mallas. 

Calidad de luz 

En especies de los órdenes Hymenoptera y Coleoptera se identifican 

fotorreceptores espectrales con sensibilidad máxima en la región del UV, 

azul y verde del espectro de luz (Peitsch et al. 1992; Lin 1993; Sun and Liu 
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2018), mostrando una capacidad de responder positivamente a estas 

longitudes de onda (Zhou et al. 2013; Chen et al. 2014, 2016; Tan et al. 2014). 

Debido a que las MPS y la ME negra disminuyen la disponibilidad de ciertas 

longitudes de onda del espectro de luz (Shahak et al. 2004c, b; Shahak 2008; 

Arthurs et al. 2013; Iliĺ and Fallik 2017; Zhou et al. 2018), las cuales 

coinciden con sus fotorreceptores, la actividad de los enemigos naturales 

disminuirá en presencia de estas mallas, en comparación a la no utilización 

de mallas. 
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OBJETIVOS 

Para abordar la hipótesis general y preguntas de investigación, se propone un 

enfoque experimental de observación en los siguientes objetivos: 

Objetivo General 

Evaluar el desempeño de dos enemigos naturales, un depredador, Harmonia 

axyridis (Coleoptera: Coccinellidae) y un parasitoide, Mastrus ridens 

(Hymenoptera: Ichneumonidae), bajo cubiertas de MPS perla y roja, ME 

negra y sin ningún tipo de malla, en condiciones de laboratorio. 

Objetivos Específicos 

Å Caracterizar el comportamiento inicial de búsqueda de presa y huésped 

para cada enemigo natural bajo cubiertas de MPS perla y roja, ME 

negra y sin cubierta de malla. 

Å Determinar el tiempo necesario de cada enemigo natural para localizar 

a su presa y huésped bajo cubiertas de MPS perla y roja, ME negra y 

sin cubierta de malla. 
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Å Determinar la eficiencia de depredación y parasitismo para cada 

enemigo natural bajo cubiertas de MPS perla y roja, ME negra y sin 

cubierta de malla. 

Å Comparar los efectos de mallas de diferentes colores sobre el 

desempeño de ambos enemigos naturales. 

Para responder a los objetivos planteados se desarrollaron experimentos de 

laboratorio con la finalidad de estudiar la actividad de depredación de 

Harmonia axyridis sobre ninfas de Myzus persicae y la actividad de 

parasitismo de Mastrus ridens sobre larvas de Cydia pomonella, bajo mallas 

de color (MPS perla y roja, y ME negra), comparado con un control sin malla. 

Los resultados encontrados sobre el parasitismo y la depredación, incluyendo 

el efecto sobre el tiempo de localización de la presa/huésped y sobre el 

comportamiento inicial de los enemigos naturales para ambos casos, se 

presentan a continuación en los dos capítulos que componen esta tesis. 
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CAPÍTULO I  

 

 

 

 

Impact of photo-selective nets (PSN) systems on Coccinellid predation 
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Abstract 

Photo-selective nets (PSN) increase agricultural crop production, by 

modifying light quantity and quality that reaches the focal plant. 

Furthermore, PSN also affects arthropod pest populations and potentially 

their natural enemies. The present study aimed to assess the impact of PSN 

systems on coccinellid predation. Experiments were carried out in microcosm 

conditions to evaluate the efficiency (prey localization and predation) of the 

multi-spotted Asian ladybeetle Harmonia axyridis, when preying on the 

green peach aphid Myzus persicae on potato plants. Four treatments were 

compared and tested (black SN (standard net), pearl PSN, red PSN, and no 

PSN (control)) on three different ladybeetle stages and sexes (third-instar 

larvae (L3), females and males). We hypothesize that PSN and black SN alter 

the predator behavior, by delaying the time until the aphid colony 

localization, or by reducing the overall aphid predation. Our results showed 

that in the absence of predators, the aphid colony was not affected by any 

treatment. Aphid colony localization by adult coccinellids was delayed under 

black SN and favored under pearl PSN. The overall aphid predation was not 

affected by net type. Among treatments, initial foraging behavior was 
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different for L3, but not for adults. Within treatments, predators allocated a 

higher amount of time to prey searching, regardless of net type. We conclude 

that in laboratory conditions, pearl PSN, red PSN, and black SN affect aphid 

colony localization and ladybeetle foraging behavior, but do not affect the 

predation efficiency. Subsequent trials have to be carried out in the field. 

Keywords: Biological control, Coccinellidae, light intensity, light quality, 

photo-selective nets, prey localization. 

Key Message 

¶ Photo-selective nets (PSN) are used to protect crops from climatic 

adversities and they can potentially influence insect pests and their 

natural enemies. 

¶ This study aims to evaluate the effect of PSN on Harmonia axyridis 

predation. 

¶ Prey localization by adults was delayed under black standard net (SN) 

and favored by pearl PSN. 

¶ Predation efficiency was not affected by the use of nets. 

¶ Initial foraging behavior differed among treatments and predators. 

¶ Our results may be relevant to develop control strategies under PSN. 
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Introduction 

Photo-selective nets (PSN) have been developed to improve crop production 

since combining physical protection of the orchards and differential filtration 

of solar radiation can promote certain physiological responses in focal plants 

(Shahak et al. 2004a, b). PSN can reduce light quantity reaching the crop and 

transform direct light into diffused light, through the incorporation of 

chromatic or light-dispersive additives into the plastic material (Shahak et al. 

2008a; Antignus 2014). In agriculture, shade nets are used as a production 

method to reduce stress in crops due to adverse climatic conditions such as 

high solar radiation, wind, and hail (Alaphilippe et al. 2016). Traditionally, 

black standard nets (SN) have been used in countries like Chile, Israel, and 

South Africa due to their lower cost compared to other colored nets (Shahak 

et al. 2008b; Tinyane et al. 2013; Bastías 2016). They increase the shading 

factor, lowering the availability of photosynthetically active radiation (PAR) 

and UV radiation under the net (Shahak 2008; Ayala-Tafoya et al. 2011). 

Black SN lowers the light quantity through the whole light spectra but does 

not modify the spectral composition and the relative content of diffused light 

(Shahak 2008). In the case of colored PSN that do affect the spectral light 
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composition, pearl PSN absorbs light in the UV region and is designed to 

disperse more light than other colored nets (Shahak 2008). Due to these 

spectral modifications, the utilization of pearl PSN increases fruit size, 

firmness, plant productivity, total yield, and reduces fruit weight loss after 

storage (Shahak 2008; Shahak et al. 2008b, 2016; Selahle et al. 2015). On the 

other hand, red PSN absorbs UV, blue, and green light, while increasing 

wavelength transmission in the red, and far-red range (Shahak 2008). This 

PSN enhances the photosynthesis process and increases plant biomass, 

vegetative growth, vigor, and average fruit weight, leading to increased 

production (Shahak 2008; Ayala-Tafoya et al. 2018). 

Beyond direct advantages reported for crop production, the use of PSN and 

black SN can also influence the behavior of agricultural pests and their 

natural enemies. Negative effects on pest populations have been reported. 

PSN can lower the arrival of pests to different crops by optical manipulation 

(deterring host landing because of the high light reflection provided by the 

PSN, and causing difficulties for host plant recognition) or by mechanical 

protection (Antignus et al. 1996, 1998; Shahak et al. 2008a; Ben-Yakir et al. 

2012, 2014). In general, insects have photoreceptors with maximal sensitivity 

in the UV, blue, and green range of the light spectra (Menzel 1979; Briscoe 
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and Chittka 2001). Photoreceptors play an important role in the insect vision 

(Goldsmith and Bernard 1974), therefore, a UV light deficiency in the 

environment can affect the insect behavior (Antignus et al. 1996, 2001). As 

a result the insect fails to orientate inside the crop decreasing its flight activity 

and dispersion capability  (Antignus et al. 2001; Miranda et al. 2015). As was 

mentioned, natural enemies like parasitoids and predators, including 

coccinellids, have three types of spectral photoreceptors, showing a positive 

response to maxima sensitivity in 360 nm (UV light), 420 nm (blue light), 

and 520 nm (green light) (Peitsch et al. 1992; Lin 1993; Chen et al. 2012; 

Zhou et al. 2013). If PSN and black SN interferes with these light spectra the 

activity of natural enemies will be affected. Predatory insects depend on a 

visual search when seeking prey (Nakamuta 1984). Some Coleopteran 

species prefer environments with light over dark conditions for feeding or 

with unfiltered light (Harmon et al. 1998; Cramer et al. 2019). In particular, 

coccinellids are more active when exposed to high light intensity. The higher 

speed of movement under these conditions could be an adaptation for more 

effective prey consumption (Tan et al. 2014). However, few studies assess 

the effects of PSN and black SN on the activity of predatory beetles, in 

particular, ladybird beetles (PajaǗ et al. 2018; Cramer et al. 2019). 
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The multicolored Asian ladybeetle Harmonia axyridis (Pallas 1773) 

(Coleoptera: Coccinellidae) is an aphidophagous predator native to Asia 

(Dobzhansky 1933). This coccinellid has been used worldwide as a 

biological control agent of pest insects due to their high voracity against 

whiteflies and aphids leading to the regulation of pest populations in agro-

ecosystems and forests (Roy et al. 2006; Ahmed et al. 2017). H. axyridis is a 

natural predator of the green peach aphid Myzus persicae (Sulzer 1776) 

(Hemiptera: Aphididae), a highly polyphagous insect pest that feeds on a 

wide variety of plants including agricultural and horticultural crops (Tian et 

al. 2017). 

The present study aims to assess the impact of PSN and black SN on the 

predation of an aphidophagous coccinellid. More specifically, the predation 

efficiency of H. axyridis on M. persicae was compared under four treatments 

(black SN, pearl PSN, red PSN, and no PSN (control)), by measuring the time 

until aphid colony localization, and the voracity of the predator. We 

hypothesize that PSN and black SN alter the predator behavior, by delaying 

the time until the aphid colony localization, or by reducing the overall aphid 

predation. The mechanism proposed is the decrease of light quantity under 

the PSN and black SN and the change of light quality under the PSN (Shahak 
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et al. 2008b; Arthurs et al. 2013; Iliĺ and Fallik 2017; Zhou et al. 2018) alter 

the behavior of the predator H. axyridis, including both aphid colony 

localization and predation rate. 

Materials and Methods 

Laboratory bioassays were carried out to assess whether PSN and black SN 

influence H. axyridis predation. In particular, if prey localization and 

predation efficiency would be affected by the nets. Also we evaluated, by 

visual observations, if PSN and black SN would influence the foraging 

behavior of predators. 

Insects and plants 

We chose the green peach aphid M. persicae and the multi-spotted Asian 

ladybeetle H. axyridis to conduct the bioassays. Both species were obtained 

from rearings available at the Laboratoire de Lutte Biologique, UQAM 

(Montréal, Canada). The adults H. axyridis were collected in Québec, Canada 

at Sainte-Agathe (46Á23ǋ0.3ǌN and 71Á24ǋ33.5ǌW) in 2017, and M. persicae 

was collected near Montréal, Canada. The M. persicae colony was 

established in 2010, and every year new individuals were added. M. persicae 
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was reared on potato plants and H. axyridis was maintained with M. persicae 

colonies in a growth chamber at 24°C, 16L: 8D, and 70% RH. Insecticide-

free potato plants Solanum tuberosum L. 1753 (var Nordland) grown in a 

greenhouse at 22 ±1 °C, 60% RH, and 16:8 (L:D) photoperiod, were used as 

a substrate for the bioassays. 

Bioassays were carried out to study the influence of PSN and black SN on 

prey localization and predation of H. axyridis on an aphid colony (Table 1). 

Additionally, a foraging behavior bioassay was performed during the first 30 

minutes to assess the time spent by predators on different foraging behaviors. 

As an experimental unit (microcosm), a 12L box (22.6 x 23 x 20.5 cm, 

high/length/width, respectively) (Figure 1) was built using two plastic boxes 

of 6L each, both cages were attached with adhesive gum, one inverted on top 

of the other. Each cage had holes covered with transparent muslin to allow 

ventilation inside the cage. For all bioassays, four treatments were used: 

black SN, pearl PSN, and red PSN above the cage, and no PSN were used as 

control (cages without nets). These treatments were chosen because i) black 

SN is commonly used by growers for crop protection in Chile and, ii) pearl 

and red PSN have been recently introduced to improve crop production in 

Chile (Umanzor et al. 2016). These treatments were put directly above each 
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cage stuck with adhesive tape to modify the light quantity and quality inside 

the experimental unit. Inside each cage, there were six potato plants (~15 cm 

height). As a light source, two tubes of 32 Watts (E-lume 50K/ G13/ 32W / 

T8 Daylight) were located 50 cm above the cage surface. Different stages of 

the predator were submitted to the four treatments: a single H. axyridis 

individual, either 1) third-instar larvae (L3), 2) adult female, 3) adult male, 

alongside a colony of 20 M. persicae nymphs (body length: one mm). The 

predators (L3 and adults) were individually isolated in a Petri-dish and 

starved for 24 hours before the bioassays. Inside the Petri-dish, water was 

provided to H. axyridis with water-soaked cotton inserted into an Eppendorf 

tube, and ventilation was maintained through holes covered with a 

transparent muslin (Chimney Petri). With a clip-cage (modified from 

MacGillivray and Anderson 1957), the colony of 20 aphids was established 

in a leaf of a potato plant located in the corner of the cage (Focal plant), and 

after two hours, the clip-cage was removed. In a leaf of a potato plant located 

in the opposite corner of the cage (diagonally) (Initial plant), the predator was 

individually introduced. Each bioassay was replicated 15 times under the four 

treatments for each predator stage and sexes. All experiments were carried 

out at 22 ± 1°C and 65 ± 5% RH. 
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Aphid colony without predators 

To assess the aphid natural mortality, and also the potential impact of the 

PSN and the black SN on aphid displacement, the aphid colony (n=20 aphids) 

without predators was observed and the number of aphids was counted every 

30 minutes for four hours and at 24 hours after the beginning of the 

experiments. 

Prey localization 

For prey localization, once the predator was individually introduced inside 

the cage, the time required until colony localization was recorded every 30 

minutes for four hours and at 24 hours after the beginning of the experiments. 

Predation 

For predation efficiency, once the predator was individually introduced 

inside the cage, the number of aphids in the plant where the colony was 

established was counted every 30 minutes for four hours and at 24 hours after 

the beginning of the experiments. 

Foraging behavior 
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Continuous observations of H. axyridis (L3 and adults) foraging behavior 

were done during the first 30 minutes of the experiments. These observations 

were cataloged according to the localization of the predator: i) ñInitial plantò 

(corresponds to the time spent by the predator on the plant where it was 

introduced), ii) ñFocal plantò (corresponds to the time that each predator 

remained on the plant where the colony of aphids was located), iii) ñOtherò 

(corresponds to the time that each predator changed to another plant or moved 

through the experimental cage). 

Data analysis 

Before the analysis, to assess if the data were normally distributed and the 

variances were homogeneous, a Shapiro-Wilks test and a Bartlett test were 

performed (Bartlett 1937; Shapiro and Wilks 1965). To determine if the PSN 

and the black SN influenced on the time required by each H. axyridis predator 

(L3 and adults) to find the aphid colony, a generalized linear model (glmm) 

with binomial distribution was performed using the statistical package 

glmmTMB (Brooks et al. 2017). For the analysis, the dependent variable was 

if the predator located the aphid colony at each of the nine time intervals 

(binary data: 1 when the predator find the aphid colony, and 0 when the 
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predator does not find the aphid colony), and the independent variables were 

the four treatments and time intervals. To determine if the PSN and the black 

SN influenced the predation efficiency at each time interval, a repeated-

measures ANOVA was performed separately for each predator (L3 and 

adults). To test the effect of the PSN and the black SN on the mortality of the 

aphid colony without predators, a repeated-measures ANOVA was also 

performed. The dependent variables were the number of aphids consumed 

and the number of aphids on the colony, respectively, and the independent 

variables were the four treatments and the time intervals. Finally, to test if 

there were significant differences among treatments for the time spent by 

each predator separately (L3 and adults) on each foraging behavior, a 

Kruskal-Wallis test was performed. If there were significant differences 

among treatments, the Wilcoxon test with Bonferroni correction was used. 

Additionally, to evaluate if there were significant differences within each 

treatment for the time spent on each foraging behavior, a Wilcoxon Signed-

Rank test for paired observations was used. All analyses were conducted 

using R version 3.6.0 (R Core Team 2019). 

 



 

44 
 

Results 

Aphid colony without predators 

To standardize natural aphid mortality, the number of aphids in the colony 

was counted in the absence of predators at continuous time intervals under 

each treatment. Our results showed that the natural mortality of the M. 

persicae colony was low (Ò 6%), and it was not affected by the PSN and the 

black SN treatments in any of the time intervals (df=3, P=0.845) (Figure 2, 

Online Resource 1). Considering the low mortality, and because aphids did 

not move from the plant where they were introduced, we did not correct for 

natural aphid mortality in the analyses. 

Prey localization 

To assess the effect of the PSN and the black SN on prey localization, the 

time it took the predator (L3 and adults) to find the aphid colony was recorded 

under the four treatments. Our results showed that the PSN and the black SN 

significantly affected the three types of predators (Figure 3; Online Resource 

2 and 3). 
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For L3: overall prey localization time was shorter under the black SN 

throughout the four hours after its introduction to the cage when compared to 

the other treatments. We observed significant differences between the black 

SN and red PSN (df=535, P=0.025), and between the black SN and no PSN 

(df=535, P=0.003), with overall prey localization being shorter under black 

SN in both cases. 

For females: the shortest prey localization occurred under the pearl PSN, and 

there were significant differences compared to the black SN (df=535, 

P=1.27e-08), the red PSN (df=535, P=0.0003), and the no PSN (df=535, 

P=0.0002). There were also significant differences between the black SN and 

the red PSN (df=535, P=0.015) and between the black SN and the no PSN 

(df=535, P=0.022), with prey localization being shorter under the red PSN 

and the no PSN, respectively. 

For males: the shortest prey localization occurred under the pearl PSN and 

was delayed under the black SN, being significantly different from each other 

(df=535, P=0.010). 
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However, at 24 hours there were no significant differences in the time 

required for prey localization among treatments for any of the three types of 

predators (Online Resource 4). 

Predation 

In this bioassay we assessed if the PSN and the black SN influenced the 

predation efficiency of different stages and sexes of the ladybeetle H. axyridis 

on the M. persicae colony. Our results showed that the PSN and the black SN 

treatments did not affect H. axyridis predation at any of the time intervals 

tested for none of the predators (L3: df=3, P=0.885; female: df=3, P=0.201; 

male: df=3, P=0.855) (Figure 4; Online Resource 5). However, there were 

significant differences in predation between adult sexes (P=0.033). Females 

consumed significantly more aphids than males, considering all time 

intervals. Also, 24 hours after the introduction of predators inside the cage, 

there were no significant differences in the number of aphids consumed 

among treatments (L3 (df=3, P=0.984), female (df=3, P=0.549), male (df=3, 

P=0.820)). 

Foraging behavior 
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A foraging behavior bioassay was performed during the first 30 minutes of 

the experiment to assess the effect of the PSN and the black SN on the time 

that the predator stayed in the initial plant, walked through other substrates, 

and found the focal plant. Our results showed that for L3 there were no 

significant differences among treatments in the time spent in the foraging 

behaviors ñInitial plantò (x2=4.00, df=3, P=0.261) and ñFocal plantò 

(x2=3.42, df=3, P=0.332) (Figure 5, Online Resource 6). However, we found 

significant differences among treatments for the time spent in ñOtherò 

(x2=8.77, df=3, P=0.032). L3 spent significantly more time searching the 

prey under the black SN and the no PSN, compared to the pearl PSN 

(W=57.5, P=0.022, and W=172, P=0.014, respectively). Regarding both the 

female and the male, there were no significant differences among treatments 

for the time spent in each foraging behavior. 

Within each treatment, our results showed that the PSN and the black SN 

affected the time allocated by the predators to different foraging behaviors 

(Figure 5, Online Resource 6). 

L3: Under all four treatments L3 spent significantly more time in the ñInitial 

plantò and ñOtherò compared to the time spent in the ñFocal plantò. There 
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were no significant differences between the time spent in the ñInitial plantò 

and ñOtherò in any of the four treatments. 

Females: Under the black SN, the red PSN, and the no PSN, there were 

significant differences among the three foraging behaviors. For these three 

treatments the female spent significantly more time in ñOtherò, followed by 

the time in the ñInitial plantò and lastly in the ñFocal plantò. For the pearl 

PSN there were no significant differences between the time spent in the 

ñInitial plantò and ñOtherò (V=23, df=14, P=0.068), but the time spent in the 

ñFocal plantò was significantly lower than in the ñInitial plantò (V=104, 

df=14, P=0.013) and ñOtherò (V=99, df=14, P=0.004). 

Males: Under the no PSN males spent less time on the ñFocal plantò 

compared to the time spent in the ñInitial plantò (V=105, df=14, P=0.001) 

and ñOtherò (V=91, df=14, P=0.001). Under the red PSN and the black SN, 

there were significant differences among the three foraging behaviors. The 

male spent most of the time in ñOtherò, followed by ñInitial plantò and spent 

the lowest time in the ñFocal plantò. Under the pearl PSN, the time spent in 

ñOtherò was significantly higher than the time spent in the other two foraging 
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behaviors. No differences were found between the ñInitial plantò and ñFocal 

plantò under the Pearl PSN (V=82.5, df=14, P=0.06). 

Discussion 

In this study we assessed the effect of the PSN and the black SN on prey 

localization, predation efficiency, and foraging behavior of H. axyridis on an 

M. persicae colony under laboratory conditions. The results support our 

hypothesis that the PSN and the black SN have a significant impact on prey 

localization and the behavior of the ladybeetle H. axyridis. However, in our 

microcosm conditions, these effects did not modify the predation efficiency 

of the predator. 

Aphid colony without predators 

We found that the PSN and the black SN treatments did not have any 

significant effect on aphid colony survival. Aphid mortality was very low and 

aphids did not modify their behavior in the presence of the PSN and the black 

SN. Aphids mainly stayed in the initial plant on the same leaf. The fact that 

the PSN and the black SN do not affect the aphid colony without predators 

has to be verified also in field studies over a longer time. 
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Prey localization 

Predators were directly affected by the treatments regarding the time required 

to encounter their prey. Coccinellid larvae, contrary to adults, do not appear 

to rely only on visual stimuli to find their prey (Banks 1954; Stubbs 1980; 

Hattingh and Samways 1995). Larvae and adults coccinellids have different 

visual systems. The stemmata present in larvae are simple low-resolution 

optical units and poor image formers, whereas adults have high-resolution 

compound eyes with a more accurate vision (Prokopy and Owens 1983; 

Lambin et al. 1996; Klowden 2007). Therefore light intensity may have a 

stronger effect on adults compared to larvae. Others factors than light quality 

and quantity could also influence prey localization by larvae as, for example, 

olfactory cues (Stubbs 1980). These factors could be involved in the fact that 

the black SN somehow increased L3 prey localization compared to the red 

PSN and the no PSN. Nonetheless, if  the black SN somehow influences these 

other factors requires further research. Physical contact and random 

movements are also important for the larvae to locate their prey (Kawai 

1976). Thus, it is possible that under our experimental conditions, light 

quantity and light quality did not influence prey localization by L3. Adults 
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H. axyridis use visual and olfactory cues to detect prey from a distance (Obata 

1986, 1997). Based on our results, it appears that visual cues played an 

important role in finding the M. persicae colony. In this case, the black SN, 

contrary to L3, has a negative effect on aphid localization by females and 

males, by delaying the time needed for finding the prey. When compared to 

the other PSN, the black SN lowers the amount of light intensity throughout 

the whole light spectra (Shahak 2008). Therefore the prey localization is 

negatively affected under low light conditions because adults coccinellids 

rely on visual stimuli to orientate towards their prey (Nakamuta 1984; 

Harmon et al. 1998). Under the pearl PSN, adults reached the aphid colony 

faster than under the black SN. Due to the H. axyridis positive phototaxis it 

is possible that under the pearl PSN, where there is a similar amount of light 

compared to no PSN, this coccinellid found more suitable conditions inside 

the cage (microenvironment) for prey finding. Also, in terms of light quality, 

under the pearl PSN there is a higher amount of dispersed light when 

compared to the other treatments (Shahak 2008), which can help females and 

males in colony localization. The pearl PSN improves light penetration into 

the most shaded canopies compared to direct light (Hemming et al. 2008). 

When compared to the other treatments, the light under the pearl PSN is more 



 

52 
 

available within the canopy and more evenly distributed in the environment 

(Hemming et al. 2008; Kong et al. 2013). It is possible that under our 

experimental conditions, the coccinellid preferred more indirect light 

conditions provided by the pearl PSN vs direct light. Taking our results into 

account, it is unlikely that prey localization is affected by light quality, since 

prey localization for the three predators was similar under the red PSN and 

no PSN. Rather, it appears that light quantity has a more evident effect with 

a positive relationship between light quantity and prey localization, at least 

for the adult stage. 

Predation 

Overall predation efficiency on aphids is a key factor when considering the 

biocontrol value of the predator. Our results on the predation activity indicate 

that the PSN and the black SN do not influence the predatory voracity of H. 

axyridis. Despite the influence of the PSN and the black SN on prey 

localization the predation was not affected by the treatments. This means, 

that in 24h in microcosm conditions, the delayed predator can recuperate its 

predation impact. Also, we may expect that the PSN and the black SN would 

not alter biocontrol services provided by ladybeetles in the field, although we 
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have to verify it in real conditions. In this sense, once the predator has 

successfully located the aphid colony, the PSN and the black SN do not 

impede aphid consumption. 

Foraging behavior 

During the first 30 minutes we only found significant differences among 

treatments for L3 regarding the time spent searching the prey, moving from 

one plant to the other, or walking around the arena (ñOtherò). Under the pearl 

PSN, the L3 spent less time searching the prey when compared to the black 

SN and the no PSN. This shorter time spent walking around the arena is 

directly related to the fact that under the pearl PSN, the L3 spent more time 

in the ñInitial plantò. Frequent movements of H. axyridis larvae moving 

between plants and on the ground while searching for an aphid colony, have 

been described before (Kawai 1976). A coccinellid larva can spend a good 

amount of time in one plant, due to its tendency to visit most parts of the 

plant, and be led back to leaves it has already visited wasting time and energy 

(Banks 1957). The extensive search by coccinellids is characterized by fast 

and linear movements in the habitat where the prey may be present, while 

intensive search involves slow and turning movements (Bond 1980; Ettifouri 
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and Ferran 1993). After predators encounter their prey, they change the 

patterns of searching behavior from extensive search to an area-restricted 

search, and if further prey is not encountered, they can resume the extensive 

search behavior (Carter and Dixon 1982; Nakamuta 1985). Also, for the L3, 

and under the four treatments, there was a general trend of a higher amount 

of time spent in the ñInitial plantò and prey searching when compared to the 

time in the ñFocal plantò. Similarly, under all treatments, and for adults, there 

was a higher amount of time allocated for prey searching, walking around the 

cage, and moving between plants with a very low number of predators 

climbing to the focal plant with aphids during the first 30 minutes. This can 

be explained by the need of the predator to start the search for prey 

immediately after its introduction inside the cage. For this reason, the higher 

amount of time in ñOtherò is motivated by prey encounters and consumption. 

The amount of time allocated to prey searching was high compared to the 

other foraging behaviors, regardless of the treatment. After 30 minutes we 

already see differences in the foraging behavior among and within the 

different PSN and the black SN. It is worth mentioning that here we are 

describing an initial behavior, and based on our prey localization results these 

differences can be more accentuated among treatments given more time. 



 

55 
 

The PSN utilization has become relevant in agro-ecosystems as a production 

system in different crops worldwide on the grounds that it combines physical 

protection and differential filtration of the solar radiation to promote certain 

physiological responses in plants (Shahak et al. 2004b). In consequence, 

these changes affect arthropod pests and their natural enemies (Chiel et al. 

2006; Doukas and Payne 2007; Legarrea et al. 2012). Studies about the use 

of PSN and their potential effect on arthropod communities, in particular, 

natural enemies like predators, are still scarce. To our knowledge, this is the 

first study assessing the effect of PSN on ladybeetle activity, in particular, on 

the prey localization, predation, and foraging behavior. More studies should 

be carried out involving PSN of different colors and shading factors, at larger 

temporal and spatial scales, on various life-history traits (e.g. fecundity, 

reproduction, dispersal) of several groups of insects, in particular biocontrol 

agents (predators and parasitoids), their natural enemies (spiders, 

hyperparasitoids), and ants tending aphids (Tayeh et al. 2015; Plouvier and 

Wajnberg 2018). Therefore, and continuing with our PSN research, another 

ongoing experiment is taking place in similar laboratory conditions, this time 

evaluating the effect of the PSN and the black SN on the behavior, parasitism, 

and host localization of the codling moth parasitoid Mastrus ridens 
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(Hymenoptera: Ichneumonidae). Furthermore, our results are very relevant 

due to the current climate change events on the planet, potentially boosting 

the demand for the use of these production systems in the field. 

Conclusion 

Our results indicate that the presence of the PSN and the black SN affect prey 

localization and foraging behavior of predators. Despite this, they do not 

affect the biological control of their prey. We conclude that once the predator 

finds the prey, the PSN and the black SN do not affect predation efficiency. 

This could have a significant implication for natural biocontrol provided by 

ladybeetles in the field, due to their important role in regulating aphid 

populations. We propose that the utilization of biological control agents can 

be compatible with the use of PSN in agro-ecosystems, in particular, the pearl 

PSN. They could and should be considered in integrated pest management 

(IPM) strategies. Studies have to be carried out to evaluate the effect of these 

production systems on inundative or inoculative releases of biological control 

agents. It is worth to point out that protective nets constitute a non-chemical 

pest control tool and a sustainable alternative to favor crop protection against 

insect pests.  
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Tables 

Table 1.1 Light intensity measured as photosynthetic active radiation (PAR) 

and shading factor provided by photo-selective and black standard nets (PSN 

and SN, respectively) used in the experiments 

Treatments Supplier Specifications 

PAR* Shading 

factor 

(%) 

(µmol mī2 

sī1) 

No PSN 

(control) 

- - 7 0 

Pearl PSN 

ChromatiNet®, Polysack 

Industries, Negev, Israel 

HDPE monofilament, 

mesh size 5 x 2 mm 

6 20 

Red PSN 

ChromatiNet®, Polysack 

Industries, Negev, Israel 

HDPE monofilament, 

mesh size 5 x 2 mm 

5 20 

Black SN Polytex S.A., Chile 

HDPE raschel, mesh 

size 3 x 1 mm 

1 80 
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Figures 

 

Figure 1.1 Experimental design (22.6 x 23 x 20.5 cm high/length/width) used 

for the experiments performed. In one plant at one extreme of the cage the 

M. persicae colony was placed (prey) (n=20) and at the other extreme we 

introduced H. axyridis (predator) 
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Figure 1.2 Natural mortality of M. persicae colony, under photo-selective and 

black standard nets (PSN and SN, respectively) throughout the time 

observations after aphid colony establishment (mean % ± SE; n=20 aphids) 



 

68 
 

 



 

69 
 

Figure 1.3 Accumulated number of H. axyridis (a) third-instar larvae (L3), 

(b) females, and (c) males that located the aphid colony under photo-selective 

and black standard nets (PSN and SN, respectively) along the first four hours 

of observation. Different letters indicate significant differences among 

treatments 
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Figure 1.4 Number of aphids consumed by H. axyridis (a) third-instar larvae 

(L3), (b) female and, (c) male, under photo-selective and black standard nets 

(PSN and SN, respectively) along the first four hours of observation. The 

initial aphid number=20 



 

72 
 

 



 

73 
 

Figure 1.5 Effect of photo-selective and black standard nets (PSN and SN, 

respectively) on the time spent by H. axyridis (a) third-instar larvae (L3), (b) 

females and, (c) males on different foraging behaviors. Different lowercase 

letters indicate significant differences among treatments for each foraging 

behavior for each predator separately. Uppercase letters indicate significant 

differences among foraging behaviors within each treatment for each 

predator separately. Total observation time = 30 minutes 
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CAPÍTULO II  

 

 

 

Photo-selective nets and pest control: activity of the codling moth 

parasitoid Mastrus ridens (Hymenoptera: Ichneumonidae) under 

varying light quantity and quality  
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Abstract 

Photo-selective nets (PSN) are widely used to manipulate the physiology of 

fruit crops. Besides their advantages to the crop, the PSN can also affect 

insect pests and potentially their natural enemies. We aimed to assess the 

effect of these production systems on the activity of the codling moth 

parasitoid, Mastrus ridens. We hypothesize that the PSN and the black 

standard net (SN) affect the behavior of the parasitoid by delaying host 

localization and reducing parasitism. Laboratory experiments were carried 

out in closed cages evaluating the activity of the parasitoid under four 

treatments: black SN, pearl PSN, red PSN, and no PSN used as control 

(uncovered cages). Our results showed that M. ridens host localization was 

delayed under the black SN and enhanced by the pearl and the red PSN. The 

PSN and the black SN did not affect traits like parasitism, fertility, realized 

fecundity, and offspring sex ratio. The initial behavior of the parasitoid 

during the first 30 minutes of the bioassays was not affected by treatments. 

However, females spent most of the time walking aimlessly around the arena, 

grooming or resting (pre-contact), regardless of the color of the nets. Our 

results are relevant because if the PSN and black SN affect M. ridens host 
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localization in a microcosm, the same could happen once the parasitoid is 

released at a larger spatial scale, so further studies in real field conditions 

must be carried out. 

Keywords: biological control, Cydia pomonella, host localization, light 

quality, parasitism, photo-selective nets 

 

1. Introduction 

The increased UV radiation observed after the weakening of the ozone layer 

and the increasing occurrence of unexpected climatic events (rain, hail, 

frosts, etc.) are challenging to the global food production, particularly in fruit 

growing (Moretti et al., 2010; Wheeler and von Braun, 2013). In response, 

agriculture under netting is increasing, becoming one of the main strategies 

for protection against climatic stressors (Kalcsits et al., 2017; Mupambi et 

al., 2018). Among other benefits, netting provides a reduction in the 

incidence of direct radiation by keeping the suited temperature for the crop, 

leading to decreased fruit damage (Iglesias and Alegre, 2006). At present, the 

black standard nets (SN) have been the most used by growers in several 

countries like Chile, Israel, and South Africa (Lobos et al., 2012; Shahak et 
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al., 2008; Tinyane et al., 2013), mainly due to their low cost, and because 

they provide a higher shading factor, compared to other nets (Ben-Yakir et 

al., 2012; Elad et al., 2007). The black SN reduces the amount of light (PAR 

and UV) throughout the whole light spectra but does not affect the light 

quality (Shahak, 2008). In addition to light quantity, the light quality that 

passes through the nets into the crop has been manipulated to promote certain 

physiological responses in target plants and to improve fruit quality. For this 

purpose, photo-selective nets (PSN) of different colors have been developed 

to provide physical protection and differential filtration of the solar spectra. 

Different types of netting are used depending on the goals that the grower or 

the researcher wants to reach (Bastías and Corelli-Grappadelli, 2012; 

Mupambi et al., 2018; Shahak et al., 2004). Through the incorporation of 

light reflective or chromatic elements into the plastic material, the 

modification of light spectra in the UV (200-400 nm), visible (400-700 nm) 

or red regions (600 nm and up) is possible (Iliĺ et al., 2017; Shahak, 2008). 

For example, the pearl PSN reduces the light quantity (PAR, 400-700 nm), 

and, at the same time, affects the light quality, lowering the transmission of 

UVA and UVB regions (280-400 nm) (Arthurs et al., 2013; Shahak, 2008). 

Compared to other PSN and black SN, under the pearl PSN, there is a higher 
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amount of diffuse light, which improves the light penetration into the inner, 

most shaded canopies inside the crop (Hemming et al., 2008). This light 

manipulation provided by the pearl PSN increases fruit size, improves plant 

productivity, and total yield in target plants (Selahle et al., 2015; Shahak, 

2008; Shahak et al., 2008). Similar to the pearl PSN, the red PSN also 

enhances the light scattering throughout the crop, although to a lesser extent 

(Shahak, 2008). The red PSN is specifically designed to absorb three light 

bands (UV, blue, and green), and to enhance light transmission in the red, 

and far-red range (600 nm and up) (Iliĺ et al., 2017; Shahak, 2008). This light 

manipulation results in increasing biomass, vegetative growth, and average 

fruit weight in target plants (Shahak, 2008). 

At present, most of the studies on UV-absorbing nets and insect responses 

have focused on agricultural pests, including aphids, whiteflies, and mites 

(Antignus et al., 1998; Chyzik et al., 2003; Dáder et al., 2014). Based on the 

available results, a general pattern has been raised in UV-deficient 

environments, showing negative effects in both, insect vision and orientation, 

lowering their flight and dispersion capability, and delaying their arrival to 

the crop (Antignus et al., 2001; Chyzik et al., 2003; Legarrea et al., 2012a). 

The knowledge of the effect of the PSN on the activity of natural enemies is 
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very limited, and the response of predators, parasitoids, or both to netting has 

been studied very little. One of the few studies related to parasitoids in 

greenhouse trials established that by using UV-absorbing plastic sheets, some 

hymenopteran parasitoids were not affected in their capability to locate hosts 

(Chiel et al., 2006). However, other parasitoids used UV light for long-range 

host location, and therefore their fitness was affected by changes in the 

amount of UV light. It has been proposed that parasitoids that were not 

affected by reduced UV light used mainly olfactory signals instead of visual 

cues for host finding; and species with bad performance under UV-deficient 

environments used mainly visual stimuli for host finding (Chiel et al., 2006; 

Chyzik et al., 2003). 

In the present study, to assess the effect of the black SN, the pearl PSN, and 

the red PSN on the activity of a biological control agent, we selected the 

codling moth Cydia pomonella (L.) (Lepidoptera: Tortricidae) and its natural 

enemy Mastrus ridens Horstmann (Hymenoptera: Ichneumonidae). Apple is 

one of the most important fruit crops in Chile, and the use of netting in apple 

cultivars has widened in the last years, especially in Fuji and related varieties. 

The PSN and the black SN used in this study were chosen because i) the black 

SN is commonly used in Chile by growers and, ii) the pearl and the red PSN 
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have been recently introduced for crop protection in Chile (Umanzor et al., 

2016). C. pomonella is the main pest insect of apple, pear, and walnut 

worldwide (Welter, 2009). The area of origin of C. pomonella is in Eurasia 

and it is present in all main temperate fruit growing areas of the world 

(Wearing et al., 2001). Because C. pomonella larvae cause direct damage to 

fruits, its control relies heavily on frequent insecticide sprays, which is 

against consumer preference and increases the risk of insecticide resistance 

(Bosch et al., 2018; Rodríguez et al., 2011; Sauphanor et al., 1999). To reduce 

the use of insecticides, several natural enemies have been evaluated for C. 

pomonella control, including pathogens, predators, and parasitoids (Lacey 

and Unruh, 2005). Early in the 90s, not only mankind but science benefited 

from the end of the Cold War, as US researchers were granted access to C. 

pomonella center of origin in the former USSR territory. Several 

hymenopteran parasitoids were found, and some brought to the US for further 

evaluation including M. ridens, a gregarious idiobiont ectoparasitoid of fifth-

instar larvae or pre-pupal C. pomonella (Bezemer et al., 2005). Later, this 

parasitoids was introduced to Chile and Argentina under a classical biological 

control approach (Devotto et al., 2010; Mills, 2005; Retamal et al., 2016). 
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For some hymenopteran parasitoids, phototactic activity has been positively 

associated with the light quantity, reflected in higher parasitism rates (Chen 

et al., 2016; Schirmer et al., 2008). Additionally, the visual systems of 

hymenopteran species is mainly composed of blue, green, and UV 

photoreceptors, so the parasitoids respond to different wavelengths, showing 

preferences for certain colors and light intensities (Chen et al., 2016, 2014; 

Peitsch et al., 1992). The fitness of M. ridens in netted orchards has not been 

studied in any of the countries where the parasitoid has been introduced. 

Therefore, our research aimed to assess the effect of the PSN and the black 

SN on the activity of the parasitoid M. ridens in laboratory conditions. 

Specifically, we will measure the time needed by M. ridens for host 

localization and we will compare the parasitism rates under the PSN and the 

black SN. We hypothesize that the presence of the PSN and the black SN 

affects the behavior of M. ridens, by delaying host localization and reducing 

parasitism on fifth-instar C. pomonella larvae. We expect that the lower light 

levels and the different light spectra range under PSN and the black SN, 

compared to no PSN, will diminish the activity of M. ridens. 

2. Materials and Methods 
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Laboratory bioassays were carried out to assess the effect of the PSN and the 

black SN on the activity of M. ridens. In particular, if the PSN and the black 

SN influence the host finding capability and parasitism rates. Also, we 

evaluated if these nets influence the initial behavior of the parasitoid in terms 

of searching and host finding. 

2.1. Insects 

To conduct the bioassays, the host chosen was the fifth-instar C. pomonella 

larvae and the ectoparasitoid M. ridens, specialized in attacking C. pomonella 

larvae (Bueno et al., 2017). Both fifth-instar C. pomonella larvae and M. 

ridens pupae were obtained from colonies maintained on the Entomology 

Laboratory, Center for Biological Control Technology, INIA Quilamapu, 

(Chillán, Chile). The parasitoid was imported from the United States in 2004, 

and subsequently maintained for sixteen years. The colony of C. pomonella 

has been maintained for over fourteen years with wild individuals added 

periodically mainly from apple orchards (Devotto et al., 2010). C. pomonella 

eggs and larvae were reared on round plastic containers (8 cm high and 12 

cm diameter) with 80-100 ml of agar-based diet. Both C. pomonella and M. 

ridens were brought to the Applied Entomology Laboratory, Universidad de 
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Concepción, and maintained at 26°C and 16:8 (L: D) photoperiod in a 

growing chamber. M. ridens adults that emerged from the pupae were kept 

in wood and glass cages (31.5 x 21.5 x 23 cm) and provided with honey and 

water ad libitum. 

2.2. Host localization 

To study the effect of the PSN and the black SN treatments on M. ridens host 

localization, bioassays were conducted inside an experimental unit, 

consisting of a 12 L plastic box (22.6 x 23 x 20.5 cm, high/length/width, 

respectively) built using two 6 L plastic boxes attached with clay, one 

inverted on top of the other. Each cage had holes on the side covered with 

transparent muslin to allow ventilation inside the cage. For all bioassays, four 

treatments were used: black SN, pearl PSN, and red PSN above the cage, and 

no PSN were used as control (uncovered cages) (Table 1). The PSN and the 

black SN were put directly above each cage to modify light quantity and 

quality inside the experimental unit. Inside each cage, there were six apple 

plants (~10 -15 cm height) put on top of a green foam base inside a plastic 

pot. As a light source, two 36 Watts tubes (SERA Daylight Brilliant 36W 

60K T8) were located 57 cm above the surface of the cage. One M. ridens 
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couple (aged 24 - 48 hours) was used alongside four fifth-instar C. pomonella 

larvae on individual cardboard pieces, based on the attack rate registered by 

this parasitoid (1 - 4 hosts/day in the laboratory) (Sandanayaka et al., 2011). 

The day before the bioassays, the fifth -instar C. pomonella larvae were put 

individually on cardboard pieces to allow them to spin their cocoon. M. 

ridens adults were fed ad libitum with honey and water before and during the 

bioassays. In one plant at one extreme of the cage, four fifth-instar C. 

pomonella larvae were attached to the trunk of the plant with a double-sided 

adhesive. The M. ridens couple was introduced by the ventilation hole on the 

other extreme of the cage. Each treatment was replicated 15 times. The 

experiments were carried out at 27±1°C, 16:8 (L: D) photoperiod, and 60% 

RH. To assess the effect of the PSN, the black SN, and no PSN on the host 

localization capability of the parasitoid, the time spent finding the host was 

recorded every 30 minutes for six hours and at 24 hours after the beginning 

of the bioassays. 

2.3. Parasitism 

We tested if the PSN and the black SN affects the parasitism activity of M. 

ridens. For this purpose, the M. ridens couple and the four fifth-instar C. 
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pomonella larvae were introduced in the same experimental unit described in 

2.2. After 24 h of exposure to the female M. ridens, the cardboard pieces 

containing the fifth-instar C. pomonella larvae were placed on a Petri dish (5 

cm diameter) on a growing chamber at 26°C, and 16:8 (L:D) photoperiod 

until adult emergence. Each treatment was replicated 15 times. We recorded 

i) the parasitism rate (number of parasitized larvae by female out of the four 

larvae offered), ii) the female fertility (total parasitoid larvae on an attacked 

host/day), iii) the realized fecundity (total emerged adults by a female/day), 

and iv) the sex ratio (percentage of female offspring respect to the total adult 

offspring). Regarding the fertility data, we counted the number of larvae laid 

by a female, instead of counting the number of eggs laid, to avoid the 

unnecessary manipulation and risk of mortality on eggs due to the handling 

process. Finally, to assess the natural mortality of C. pomonella larvae, we 

placed four fifth-instar larvae on individual cardboard pieces on a Petri dish. 

This was replicated 7 times (each time we carried out a set of parasitism 

bioassays). After 24 hours, we moved them to a growing chamber under the 

same conditions established in 2.3 until adult emergence. As the mortality of 

C. pomonella larvae on the Petri dishes was low, we did not correct the 

parasitism data in the analysis. 
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2.4. Parasitoid behavior 

We assessed the effect of the PSN and the black SN on the behavior of the 

female parasitoids during the first 30 minutes after their introduction to the 

experimental unit. These observations were used to describe the parasitoid 

responses to the experimental unit. Parasitoid behavior was cataloged based 

on behavioral categories modified from Charles et al. (2013). The parasitoid 

responses were categorized into two phases. Phase 1 (localization and 

examination) consisted of the sub-phases 1.1) pre-contact (walking aimlessly 

around the arena, grooming or resting), 1.2) mating (copulation behavior 

between male and female), 1.3) examination (walking around the cocoon, 

with a continuous examination by antennae and ovipositor), and 1.4) 

acceptance (host acceptance and stinging, terebra insertion). Phase 2 of our 

observations (Pre-contact) focused on the pre-contact sub-phase described in 

Phase 1. Phase 2 was divided into two sub-phases, 2.1) searching (walking 

around the arena) and, 2.2) grooming (resting but moving antennae, legs, 

abdomen, or ovipositor). Observations of parasitoid behavior were replicated 

15 times under each treatment. 

2.5. Data analysis 
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To determine if the PSN and the black SN influence the time required by 

females M. ridens to find the fifth-instar C. pomonella larvae, a generalized 

linear model (glmm) with binomial distribution was performed using the 

statistical package glmm TMB (Brooks et al., 2017). For the analysis, the 

dependent variable was if the parasitoid located the fifth-instar C. pomonella 

larvae at each given time (binary data: 1 when the parasitoid finds the host, 

and 0 when the parasitoid does not find the host), and the independent 

variables were the four different treatments, and the 13 time intervals. To 

determine if the PSN and the black SN treatments had a significant effect on 

traits like influence parasitism, fertility, realized fecundity, and offspring sex 

ratio, and because they were not normally distributed, a non-parametric 

Kruskal-Wallis test for multiple comparisons was performed. Finally, to test 

if the PSN and the black SN influenced the time allocated by the females to 

different behaviors (phase 1 and phase 2 described in 2.4), and since the data 

was not normally distributed, a non-parametric Kruskal-Wallis was 

performed. Additionally, to evaluate if there were significant differences 

within each treatment for the time spent by females on each behavior sub-

phase (phase 1 and phase 2), a Wilcoxon Signed-Rank test for paired 
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observations was used. All analyses were carried out in R version 3.6.0 (R 

Core Team, 2019). 

3. Results 

3.1. Effect of the PSN and the black SN on the host localization 

capability of M. ridens 

The host localization capability of M. ridens differed significantly depending 

on the color of the PSN and the black SN used in our experimental cages 

(Figure 1). Under the black SN, M ridens host localization was delayed 

compared to the other treatments, being significantly different from the pearl 

PSN (df=775, P=0.0003) and the red PSN (df=775, P=0.0001). However, no 

significant differences were observed along the observation time between the 

host localization capabilities of the parasitoids under the black SN compared 

to parasitoids under no PSN (df=775, P=0.072). The observed response of 

the parasitoids under the pearl PSN was similar to the parasitoids under the 

red PSN (df=775, P=0.0750) and under no PSN (df=775, P=0.052). Under 

the red PSN, the host localization capability by females was enhanced, with 

a higher proportion of females reaching the host, compared to the control 

(df=775, P=0.0003). At 24 hours after the bioassay started, there were no 
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significant differences in the host localization among treatments (data not 

shown). 

3.2. Effect of the PSN and the black SN on the parasitism rate of M. 

ridens 

A Kruskal-Wallis analysis of the parasitism percentage revealed that the 

color of the nets did not affect the parasitism rate of the parasitoid females in 

laboratory conditions (Figure 2). Larval parasitism ranged from 5% to 10% 

depending on the color of the nets, but no significant differences were 

detected (df=3, P=0.668). 

3.3. Effect of the PSN and the black SN on the fertility of M. ridens 

The mean number of parasitoid larvae on each parasitized host varied from 

0.7 larvae under the red PSN to 1.4 larvae under the black SN. However, the 

Kruskal-Wallis analysis showed that the color of the nets did not influence 

the number of parasitoid larvae left by the female M. ridens (df=3, P=0.702) 

(Figure 3). 

3.4.  Effect of the PSN and the black SN on the realized fecundity of M. 

ridens 
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The mean number of M. ridens offspring that reached the adult stage varied 

from 0.53 adults under the red PSN to 0.8 adult parasitoids under the pearl 

and the black SN (Figure 4). Similarly for both, parasitism and fertility, the 

analysis showed no significant differences among treatments for this trait 

(df=3, P=0.769). 

3.5.  Effect of the PSN and the black SN on the offspring sex ratio of 

M. ridens 

The sex ratio of M. ridens offspring showed a strong bias towards males, 

regardless of the color of the nets. The proportion of females is the most 

important indicator in biological control agents and ranged from 17% under 

the black SN to 33% in emerged parasitoids under the pearl PSN (Figure 5), 

but no significant differences among treatments were detected (df=3, 

P=0.392). 

3.6.  Effect of the PSN and the black SN on the behavior of females M. 

ridens 

We observed the behavior of females M. ridens to assess the effect of the 

PSN and the black SN during the first 30 minutes immediately after their 

release inside the experimental units. We found no significant differences in 
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the time spent on phase 1 of behavior among treatments (Figure 6a). 

Regardless of the nets color, all females spent most of their time in the pre-

contact sub-phase (df=3, P=0.523), which accounted for more than 95% of 

the total time among treatments, especially under the black SN where the 

females spent the whole 30 minutes of observation on this behavior sub-

phase. The time spent on pre-contact was significantly higher than the time 

spent on the other three behavior sub-phases under all four treatments 

(V=120, P<0.05). The analysis of mating also showed no differences among 

treatments (df=3, P=0.565). It is important to state that we only observed 

mating under the pearl PSN and under no PSN. The mating between the male 

and the female lasted no longer than one minute, and after termination, the 

male moved away from the female. The female stayed still for a few seconds 

before resuming the host search. The examination process, where the female 

finds the host and taps the cardboard with the antennae, was a very rare event 

and was not affected by the treatments (df=3, P=0.792). No hosts were 

reached under the black SN. A single female reached the host during the first 

30 minutes under the pearl PSN, the red PSN, and no PSN. Although some 

females reached the host during this time, acceptance was not registered in 

any of the four treatments tested. Furthermore, for phase 2 of behavior 
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(Figure 6b), the results showed no differences among treatments for 

searching (df=3, P=0.301) and grooming (df=3, P=0.382). In terms of the 

behavior within each treatment, except under the red PSN (V=32, P=0.117), 

the time spent on grooming was significantly higher than the time spent 

searching (Black SN: V=12.5, P=0.007; Pearl PSN: V=19, P=0.038; No PSN: 

V=4.5, P=0.003). 

Discussion 

Our study demonstrated that the presence of the PSN and the black SN 

significantly affected some traits of M. ridens parasitoid activity. For M. 

ridens host localization, our results showed that the PSN and the black SN 

had a significant effect. Females M. ridens are attracted to kairomones 

emitted by the cocoons to locate potential hosts (Jumean et al., 2005), 

therefore we offered four fifth-instar C. pomonella larvae that have recently 

spun cocoons (Ò 24 hours) to a single female. For effective parasitism, the 

parasitoid first must find the environment where the potential host is, and 

then properly locate the host for reproduction (Salt, 1935). In our study, we 

placed the parasitoid and the host in the same environment. Once the 

parasitoid and host share the same environment, the chemical, visual, tactile, 
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and olfactory senses are used as short-range cues (Wajnberg and Colazza, 

2013). We were interested, in particular, on the visual stimuli which are 

relevant for the process of host finding (Koul and Dhaliwal, 2003). The PSN 

and the black SN can modify the light quantity and quality and potentially 

interfere with the behavior of both pests and parasitoids (Chiel et al., 2006). 

Our results indicate that under the black SN, host localization was delayed, 

supporting our hypothesis about the negative effects on the host finding 

capabilities of the parasitoid in low light conditions. This should be 

considered whenever this net is used simultaneously with biological control 

agents in the field. The highest host localization occurred under the pearl and 

the red PSN. The pearl and the red PSN increase the amount of diffused light 

in the environment, compared to the other treatments, which can improve 

light penetration inside the canopy (Shahak, 2008). Based on our host 

localization results, we suggest that a higher light availability enhances the 

host finding capability of M. ridens. Although visual cues are important in 

host finding, chemical cues associated with the host also play a major role in 

host localization (Vinson, 1976). Under our experimental conditions, we 

cannot say the extent to which, visual or chemical cues influenced M. ridens 

host localization because the success of locating a host depends on multiple 
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mechanisms (Vinson, 1976; Wajnberg and Colazza, 2013), and we cannot 

separate them. Other ichneumonid parasitoids use antennal tapping, 

olfaction, and visual contrast for host localization (Flores-Prado and 

Niemeyer, 2012; Sandlan, 1980). According to Chiel et al. (2006) and Chyzik 

et al. (2003), the parasitoids Aphidius colemani Viereck (Hymenoptera: 

Braconidae), Diglyphus isaea Walker (Hymenoptera: Eulophidae), and 

Aphidius matricariae (Haliday) (Hymenoptera: Braconidae) were not 

affected in terms of host localization capability under UV-filtered 

environments. Probably because these parasitoids use different cues for host 

localization or because their visual capabilities are not significantly affected 

under UV-deficient light. Nevertheless, our results showed that during the 

first six hours of the bioassays, the capability of the parasitoid to find a host 

was delayed under the black SN, suggesting that during the initial host 

finding process, the visual stimuli are relevant for M. ridens. 

The parasitism, the fecundity, and the sex ratio are some of the most relevant 

factors when rearing parasitoid wasps (Bueno et al., 2017). Our results 

showed that the PSN and the black SN did not have a significant effect on 

parasitism, fertility, realized fecundity, and offspring sex ratio. These results 

suggest that, under our experimental setup, the light quantity or quality are 
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not the main factors influencing parasitism. It has been established that in 

laboratory conditions, the parasitoid attacks a maximum of four hosts a day 

(Sandanayaka et al., 2011). In our study, females M. ridens did not parasitize 

more than one host per day. A similar result was observed by Hougardy et al. 

(2005) who also found that M. ridens parasitize just one or two hosts a day. 

Our results showed that the fertility (larvae hatched) and the realized 

fecundity (adults emerged) were not affected by the utilization of the PSN 

and the black SN, meaning that the treatments do not influence the number 

of descendants left by a female. Similar results of fecundity were obtained by 

Devotto et al. (2010) in laboratory conditions at 25°C (0.54 

parasitoids/female/day). Finally, regarding the offspring sex ratio, there were 

no differences among treatments, and the emergence was sex-biased towards 

males. In M. ridens, like most hymenopterans, sex determination is linked to 

arrhenotoky, where females are diploid and develop from fertilized eggs, and 

males are haploid and develop from non-fertilized eggs, but males can also 

be diploids due to complementary sex determination in ichneumonids 

parasitoids (Heimpel and de Boer, 2008). Our male-biased sex ratio results 

agree with the studies of Bueno et al. (2017) and Zaviezo et al. (2018), where 

inbred lines of M. ridens produced fewer daughters than outbred lines. They 
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attributed this result to the production of diploid males. Sex ratio is an 

important subject in insect rearing for future use in biological control 

programs (Heimpel and Lundgren, 2000). Since females are the ones with 

the reproductive capability, and ultimately, responsible for pest control 

(Bueno et al., 2017). 

In terms of the female behavior during the first 30 minutes, our results 

showed that for phase 1 of the observations (pre-contact, mating, 

examination, acceptance), the PSN and the black SN did not influence the 

time spent by the female on each sub-phase. The fact that there were no 

differences in the time spent on each sub-phase shows that light quantity and 

quality do not influence significantly the time allocation decision by a female, 

at least during the first 30 minutes. Once the female and host are on the same 

habitat, the searching behavior is accomplished by walking, oriented by 

physical, visual, olfactory, and chemical cues (Koul and Dhaliwal, 2003; 

Vinson, 1976). The latter can guide the flight of the parasitoid to the habitat 

where the host is located (long-range cues), a fact well known in the attraction 

of M. ridens to C. pomonella (Jumean et al., 2005). Therefore, the volume of 

our experimental units and the enclosed environment could have saturated 

the cage with cues, causing the female to spend similar times on each sub-
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phase, regardless of the color of the nets. However, under all four treatments, 

the time spent on the pre-contact sub-phase was significantly higher than the 

other three sub-phases. In phase 2, the pre-contact behavior is dominated by 

walking around the experimental cage with continuous antennae movement, 

sporadically interrupted by grooming, or resting (Charles et al., 2013). 

Indeed, we observed all of these behaviors inside the experimental unit, with 

the time spent grooming being significantly higher than the time spent 

searching and walking around the cage, except under the red PSN where the 

times between these sub-phases were similar. Possibly, the females spent 

more time grooming (moving antennae, abdomen, and ovipositor) to detect 

some chemical cues that help them orient towards the C. pomonella cocoons 

(Jumean et al., 2005). Even though some females were observed examining 

the host on the cardboard within the first 30 minutes, the acceptance behavior 

was never registered under any treatment. It is possible that under our 

experimental conditions the parasitoid needed more time to find and accept 

the host. 

The PSN and the black SN have been used as a protection tool and as a crop 

production method worldwide, with the majority of research focused on their 

influence on plant physiology and fruit quality (Bast²as et al., 2012; Iliĺ et 
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al., 2015; Lobos et al., 2013; Shahak, 2008). We must consider that the 

utilization of PSN and the black SN can also influence insect pests and their 

natural enemies (Legarrea et al., 2012b). Overall, our results show that under 

laboratory conditions, the PSN and the black SN affect M. ridens host 

localization but do not influence other traits like parasitism, fertility, realized 

fecundity, or offspring sex ratio. As it was mentioned earlier, there are 

contrasting results in the literature for host localization, where it has been 

proposed that host finding capability is not influenced by the presence of the 

PSN, with host-plant signals and olfactory cues rather than visual, being the 

main drivers for host finding (Chyzik et al., 2003; Dáder et al., 2015). On the 

other hand, some hymenopteran parasitoids species have difficulties locating 

their host under UV-light deficiency preferring unfiltered light (Chiel et al., 

2006; Cochard et al., 2017). In this sense, we agree with the statement of 

Legarrea et al. (2012b) and Chiel et al. (2006) that suggest that the responses 

of parasitoids to UV-light deficiency are species-specific, therefore, the result 

of the utilization of PSN on host finding capability should not be generalized 

to every species. Our results indicate that the utilization of PSN, specifically 

the pearl and the red PSN, is compatible with the activity of the parasitoid M. 

ridens. Nevertheless, studies in natural conditions are also necessary to verify 
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if host localization is also affected in real field conditions as it was in a 

microenvironment of a laboratory. 

Conclusion 

The fitness of parasitoids can be determined by several factors, but 

reproduction and host location capability are some of the most important. The 

results of our study showed that M. ridens host localization was enhanced by 

the pearl and the red PSN and delayed under the black SN. However, traits 

like parasitism, fertility, realized fecundity, and offspring sex ratio were not 

affected by the PSN and the black SN. The use of PSN (pearl and red) and 

biological control agents are compatible strategies included in integrated pest 

management (IPM) programs. Both strategies can play a role in reducing pest 

populations as well as reducing the use of insecticides in agro-ecosystems. 

Our results are relevant because if the PSN and the black SN affect M. ridens 

host localization in a microcosm, the same could happen once the parasitoid, 

reared for biological control purposes, is released at a larger scale, so further 

field studies are also necessary. 
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Tables 

Table 2.1 Light intensity measured as photosynthetic active radiation (PAR) 

and shading factor provided by photo-selective and black standard nets (PSN 

and SN, respectively) used in the experiments 

PSN color Supplier Specifications 

PAR Shading 

factor 

(%) 

(µmol 

mī2 sī1) 

No PSN 

(control) 

- - 7 0 

Pearl PSN 

ChromatiNet®, 

Polysack Industries, 

Negev, Israel 

HDPE monofilament, 

mesh size 5 x 2 mm 

6 20 

Red PSN 

ChromatiNet®, 

Polysack Industries, 

Negev, Israel 

HDPE monofilament, 

mesh size 5 x 2 mm 

5 20 

Black PSN Polytex S.A., Chile 

Polyethylene, mesh 

size 3 x 1 mm 

2 80 
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Figures 

 

Figure 2.1 Accumulated number of females M. ridens that located the fifth-

instar C. pomonella larvae under the PSN and the black SN along the first six 

hours of observation. Different letters next to each line indicate significant 

differences among treatments according to the glmm test 
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Figure 2.2 Effect of the PSN and the black SN on the parasitism (%) (Mean 

± SE, n=15) of M. ridens on fifth-instar C. pomonella larvae. The same letters 

above bars and SE indicate no significant differences among treatments 

according to the Kruskal-Wallis test 
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Figure 2.3 Effect of the PSN and the black SN on the fertility (n° of larvae 

hatched) (mean ± SE, n=15) of M. ridens on fifth-instar C. pomonella larvae. 

The same letters above bars and SE indicate no significant differences among 

treatments according to the Kruskal-Wallis test 
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Figure 2.4 Effect of the PSN and the black SN on the realized fecundity (n° 

of adults emerged) (mean ± SE, n=15) of M. ridens on fifth-instar C. 

pomonella larvae. The same letters above bars and SE indicate no significant 

differences among treatments according to the Kruskal-Wallis test 
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Figure 2.5 Effect of the PSN and the black SN on the offspring sex ratio (% 

of females) (mean ± SE, n=15) of M. ridens emerged from fifth-instar C. 

pomonella larvae. The same letters above bars and SE indicate no significant 

differences among treatments according to the Kruskal-Wallis test 
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Figure 2.6 Effect of the PSN and the black SN on the mean time (minutes) 

allocated by females M. ridens to the different behavior categories. a) Phase 

1 (localization and examination): 1.1) pre-contact, 1.2) mating, 1.3) 
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examination, and 1.4) acceptance*, (b) Phase 2 (pre-contact): 2.1) searching, 

and 2.2) grooming. The total observation time was 30 minutes. Different 

lowercase letters in bars indicate significant differences among treatments for 

each sub-phase according to the Kruskal-Wallis test. Uppercase letters in bars 

indicate significant differences among sub-phases within each treatment 

according to the Wilcoxon Signed-Rank test for paired observations. *Time 

spent by females M. ridens on the sub-phases mating and acceptance of phase 

1 were so low that are not shown on the graphic 
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DISCUSIÓN GENERAL  

Las mallas, independiente de si son de exclusión o de sombreo (MPS y ME 

negra), tienen la función de proteger a los cultivos contra factores climáticos 

adversos. Las mallas de sombreo se disponen en forma de ñt¼nelò o se ubican 

directamente sobre los cultivos de forma horizontal y con los lados no 

cubiertos, ofreciendo una protección sólo parcial contra aves, murciélagos 

frugívoros e insectos (Chouinard et al. 2016; Iliĺ and Fallik 2017). Además 

se caracterizan por ser de diferentes colores y tener orificios de tamaño 1,7 

mm ï 7 mm dependiendo del factor de sombreo (Castellano et al. 2008). Por 

otro lado, las mallas de exclusión son de color transparente (se ven blancas a 

la vista) y con orificios de menor tamaño: 0,5 mm ï 1,9 mm (Briassoulis et 

al. 2007; Chouinard et al. 2017). Las mallas de exclusión son las que causan 

mayor impacto debido a que cubren completamente los cultivos (Rigden 

2008; Sauphanor et al. 2012; Alaphilippe et al. 2016). El uso de mallas de 

exclusión constituye una estrategia ambientalmente aceptable para lidiar con 

estas especies (Lloyd et al. 2005), sin embargo, se debe considerar que el 

efecto de exclusión de las mallas es no-selectivo, es decir, pueden impedir el 
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paso tanto de aves frugívoras como de aves beneficiosas que juegan un rol 

importante en el control de insectos plaga (Twedt 1978; Rigden 2008). 

Debido a que las mallas pueden causar mortalidad en aves y murciélagos al 

quedar enredados en la malla o por el impacto del choque (Twedt 1978), se 

ha planteado el uso de mallas plásticas más rígidas que puede evitar que las 

aves se enreden en ellas (Fuller-Perrine and Tobin 1993), o bien, que los 

orificios de éstas no sean mayores a 40 mm (Rigden 2008). Otra estrategia 

adoptada es que fuera de temporada, algunos agricultores toman la decisión 

de dejar las mallas abiertas (de sombreo o de exclusión), enrollar las mallas 

a los lados del huerto para permitir el paso de aves, o almacenarlas cuando 

no se están usando, maximizando su duración (Fuller-Perrine and Tobin 

1993; Rigden 2008). Los murciélagos frugívoros juegan un rol ambiental 

importante al actuar como polinizadores de flores y dispersores de semillas, 

por lo tanto, se podrían beneficiar con la medida de abrir las mallas durante 

ciertos periodos en la temporada (Rigden 2008). 

Otro aspecto relevante respecto de la utilización de mallas en agricultura que 

debe ser considerado es el uso de plástico como principal material de 

fabricación de estos sistemas de producción. El uso de mallas en agricultura 

es común en muchos lugares del mundo, por lo tanto, se espera que sigan 
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siendo utilizadas en el futuro. Es por eso que se debe buscar un balance entre 

producción y sustentabilidad (Maraveas 2020) considerando aún más los 

desafíos de la gran cantidad de plástico utilizado hoy en nuestro planeta, en 

particular, en agricultura (Tudor et al. 2019). Se plantea que al momento de 

diseñar y fabricar las mallas se debe llegar a un balance entre la efectividad 

para proteger a los cultivos, junto con la sustentabilidad y durabilidad del 

material del cual están constituidas (mallas anti-granizo negras pueden durar 

15-20 años, mallas anti-granizo blancas 7-9 años, mallas foto-selectivas 5-8 

años) (Shahak et al. 2004c; Brglez Sever et al. 2015). Los plásticos que no 

poseen las propiedades mecánicas estándar para aplicaciones en agricultura 

pueden mejorar sus características mecánicas y su durabilidad al agregarle 

ciertos aditivos al material (Castellano et al. 2008), sin embargo, se 

compromete su capacidad de biodegradación y reciclaje (Maraveas 2020). 

Por lo tanto, las nuevas tecnologías deberían enfocarse en fabricar mallas 

biodegradables que estén libres de sustancias químicas que comprometan su 

sustentabilidad, al mismo tiempo que continúen protegiendo a los cultivos 

(Maraveas 2020). 

La protección de los cultivos mediante el uso de mallas que excluyen, repelen 

o arrestan plagas, contribuye a disminuir la utilización de insecticidas para su 
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control (Ben-Yakir et al. 2012; Sauphanor et al. 2012; Alaphilippe et al. 2016; 

Chouinard et al. 2016). En consecuencia, también pueden disminuir los 

costos asociados al uso de insecticidas debido a una menor frecuencia de 

aplicaciones (Candian et al. 2019). Si hacemos una comparación entre el uso 

de insecticidas para el control de plagas y el uso de mallas, la segunda opción 

es una alternativa más sustentable y amigable con la salud humana y el 

medioambiente (Castellano et al. 2008), especialmente si se desea disminuir 

la entrada de insumos externos a los cultivos y evitar efectos secundarios 

asociados al uso de insecticidas en agricultura (Aktar et al. 2009). 

Considerando lo anterior, los agricultores deben decidir qué sistema de 

mallas utilizarán en sus cultivos tomando en cuenta factores relevantes como 

la inversión inicial, el tamaño del cultivo y la topografía del lugar (Rigden 

2008). La principal preocupación es que se construyan e implementen 

sistemas que resulten en una interrupción mínima al comportamiento de aves 

e insectos benéficos junto con la protección deseada del cultivo (Maraveas 

2020). Esto tomando en consideración tanto los servicios ecosistémicos que 

entregan aves y murciélagos en los agroecosistemas (control de insectos 

plaga) (Maine and Boyles 2015; Pejchar et al. 2018; Sow et al. 2020), así 

como sus efectos adversos como la posible interferencia en el control 
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biológico de otros enemigos naturales (depredación intragremio) (Grass et al. 

2017). 

Estudios acerca del efecto de las MPS en agricultura han ido en aumento en 

los últimos años en Chile (Umanzor et al. 2016; Olivares-Soto and Bastías 

2018) y en países como Israel, Estados Unidos, España e Italia (Bastías et al. 

2012; Shahak 2014; Kalcsits et al. 2017; Lopez-Marín et al. 2019), con el 

objetivo principal de proteger a los cultivos de condiciones climáticas 

adversas. 

Las MPS tienen una variedad de efectos complejos tanto directos como 

indirectos sobre todo el sistema, es decir, sobre la planta focal (protección), 

las plagas, y los enemigos naturales de estas plagas (depredadores, 

parasitoides y patógenos). La mayoría de los estudios publicados se referían 

al efecto de las MPS sobre el microclima del huerto, sobre aspectos 

fisiológicos y morfológicos de las plantas, o bien, sobre poblaciones de 

insectos plaga presentes en los cultivos. Sin embargo, estudios acerca de los 

efectos de las MPS sobre el gremio de enemigos naturales de insectos plaga 

eran escasos. Por lo tanto, esta tesis tuvo por objetivo estudiar los efectos 
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directos de éstos sistemas de producción sobre atributos biológicos 

específicos de enemigos naturales. 

En el capítulo I se estudió el efecto de las MPS perla, roja y malla estándar 

(ME) negra sobre el comportamiento, depredación y localización de presa del 

coccinélido generalista Harmonia axyridis en presencia de una colonia de 

áfidos Myzus persicae, en condiciones de laboratorio. Para esto se estudió el 

efecto de las mallas tanto en larvas (tercer estadio) como en adultos del 

depredador (machos y hembras) ya que éstos son consumidores voraces de 

distintos insectos plaga incluyendo áfidos. Los resultados mostraron que el 

comportamiento de búsqueda de presa se vio afectado diferencialmente 

dentro de cada tratamiento para larvas y para adultos. La eficiencia de 

depredación no se vio influenciada por las MPS perla y roja y ME negra para 

ningún estadio/sexo. Sin embargo, la localización de presa en adultos se vio 

afectada negativamente bajo la ME negra, con un retraso en el tiempo para 

localizar a la colonia de áfidos. En el caso de la larva, la diferencia en la 

calidad y cantidad de luz pareciera no haber influido significativamente, 

probablemente por los diferentes aparatos visuales entre larvas y adultos, 

siendo más simples y menos eficientes en las larvas. En el caso de los adultos, 

la localización de presa fue influenciada positivamente bajo MPS perla tanto 
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para machos como para hembras, probablemente por la mayor cantidad de 

luz difusa bajo este tratamiento que podría haber ayudado a los adultos a 

localizar a su presa. 

En el capítulo II se evaluó el efecto de las MPS perla, roja y ME negra sobre 

el comportamiento, parasitismo y localización de huésped del parasitoide de 

la polilla de la manzana Cydia pomonella (plaga clave del manzano), Mastrus 

ridens. En cuanto a C. pomonella, la única información que existía acerca del 

efecto de mallas de exclusión (no MPS) sobre esta plaga era que las mallas 

impedían su llegada a los cultivos y, en consecuencia, disminuía la cantidad 

de frutos de manzanos dañados y la cantidad de insecticidas necesarios para 

su control (Sauphanor et al. 2012; Baiamonte et al. 2015; Alaphilippe et al. 

2016). Nuestros resultados mostraron que las MPS perla y roja y ME negra 

no influenciaron en parámetros biológicos como el parasitismo, fertilidad, 

fecundidad realizada y proporción sexual de su descendencia. En cuanto a su 

comportamiento, el parasitoide se caracterizó por pasar un mayor tiempo en 

la etapa de ñpre-contactoò en comparaci·n a las otras etapas de 

comportamiento, independiente del color de la malla. Similar a H. axyridis, 

la localización de su huésped se vio retrasada bajo la ME negra, sin embargo, 

fue influenciada positivamente bajo las MPS perla y roja. Basado en esto, 






























