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APRESENTACAO

Entomologia! A Ciéncia que estuda os insetos, que sdo 0s organismos vivos mais
abundantes no Planeta Terra. Possuem importancia médica, agricola e veterinaria,
por isso pode-se dizer que os insetos de maneira direta ou indireta detém de alguma
relevancia para os seres humanos. Se considerarmos aqueles insetos que séo
utilizados para gerarem produtos valorosos para a sociedade, como mel, propolis,
geleia real, tecidos e até alimentos através de seu consumo direto, percebe-se a
extensa e complexa relacéo existente entre nés, seres humanos, e os insetos.

A obra “Coletanea Nacional sobre Entomologia 2’ € a mais recente iniciativa da
Atena Editorano sentido de difusdo de conhecimento, demonstra¢ao de aprimoramentos
e divulgacéao de tecnologias, em forma de e-book, no que tange ao estudo de insetos de
importancia médica, ambiental e agronémica, compreendendo 11 capitulos oferecendo
0 mais variado conteudo sobre os insetos contidos na entomofauna Brasileira, sejam
eles nativos ou exoticos.

Abordagens de interesse a comunidade cientifica, académica e civil-organizada
envolvidas de forma direta e indireta com insetos de importancia agricola, médica,
alimenticia ou ecoldgica determinam a grandeza dos conhecimentos aqui
disponibilizados, através de tematicas atuais e relevantes, tais como: (i) a dinamica
populacional de Helicoverpa armigera, (i) Coleptera encontrados em plantios de
eucalipto, da Regiao Sudoeste da Babhia, (iii) bem como a comunidade de Coleoptera
de solo da floresta de restinga da Area de Protecdo Ambiental (APA) Guanandy, no
estado do Espirito Santo; (iv) a avaliagdo do ataque, bem como danos, da lagarta-
elasmo na cultura da soja apds a aplicacao de diferentes inseticidas em tratamento
de sementes, (v) 0 acesso a entomofauna de Chrysopidae em éarea de restinga,
(vi) a abundancia da familia de Chrysopidae na Floresta Nacional de Pacotuba em
distintas fases lunares, por meio de armadilhas atrativas, (vii) a disponibilizacéo de
informacgdes relevantes a respeito dos requisitos de qualidade do mel e oriundas da
internet, (viii) a toxicidade de produtos quimicos a individuos da familia Chrysopidae,
espécie Chrysoperla externa, (ix) a avaliacado da situacdo atual da mosca negra em
diferentes localidades e municipios com plantas hospedeiras no estado de Alagoas e,
por fim, (x) o uso de armadilhas ovitrampas demonstrando eficiéncia para a retirada de
ovos de Aedes aegypti em diferentes periodos do ano sao as principais abordagens
técnicas aqui contidas e esmiugadas por intermédio de trabalhos com qualidade
técnico-cientifica comprovada.

Por fim, desejamos que o presente e-book, de publicacdo da Atena Editora,
possa representar como legado, a oferta de saberes para capacitacédo de mao-de-obra
através da aquisicao de conhecimentos técnico-cientificos de vanguarda praticados
por diversas instituicdes em ambito nacional; instigando professores, pesquisadores,
estudantes, profissionais (envolvidos direta e indiretamente) com o estudo dos insetos
e a sociedade (como um todo) frente ao acumulo constante de conhecimento: a



melhor ferramenta para conviver, lidar, controlar, usufruir e conhecer sobre esses
fascinantes seres vivos, de maior abundancia no planeta, e que ha milhdes de anos
vem se adaptando constantemente aos mais diversos habitats, sejam eles agricolas,

urbanos ou naturais.

Alexandre Igor de Azevedo Pereira
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CAPITULO 8

SELECTIVITY OF INSECTICIDES USED IN MELON
PLANTING ON LARVAE OF Chrysoperla externa
HAGEN (NEUROPTERA: CHRYSOPIDAE)

Data de aceite: 09/01/2020

Delzuite Teles Leite
Universidade Federal de Campina Grande,

Pombal- Paraiba
Center of Science and Agrifood Technology /
Academic Unit of Agricultural Sciences

Mauricio Sekiguchi de Godoy
Universidade Federal Rural do Semi-Arido,
Mossoro - Rio Grande do Norte

Department of Plant Sciences

Barbara Karine de Albuquerque Silva
Universidade Federal Rural do Semi-Arido,
Mossor6 - Rio Grande do Norte

Department of Plant Sciences

Taffarel Melo Torres
Universidade Federal Rural do Semi-Arido,

Mossor6 - Rio Grande do Norte

Department of Biosciences

Adrian José Molina-Rugama
Universidade Federal Rural do Semi-Arido,
Mossoro - Rio Grande do Norte

Department of Plant Sciences

Patrik Luiz Pastori
Universidade Federal do Ceara - Fortaleza, Ceara

Center of Agrarian Sciences/ Department of
Phytotechny

ABSTRACT: The Chrysopidae family is
composed of several species that act as
biological control agents, among them the
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Chrysoperla externa (Hagen, 1861) stands out,
whichoccursinseveralcrops,andmaybeexposed
to phytosanitary treatments applied to insects-
plague in these agricultural crops. Therefore,
the objective was to analyze the physiological
selectivity of some insecticides used in the
cultivation of melon on larvae of the 1st instar of
the C. externa. predator. The work was carried
out under laboratory conditions, evaluating the
insecticides at the concentrations indicated by
the manufacturers and recommended for pest
control in the melon crop. The products tested
with their respective dosages (g ai / L of water)
were: clothianidin (0.1), pymetrozine (0.25),
lambda-cyhalothrin (0.025), chlorantraniliprole
(0.0025), indoxacarbe (0.036) , pyriproxyfen
(0.1), beta-cyfluthrin / imidacloprid (0.0625 +
0.5), imidacloprid (1.05) and beta-cypermethrin
(0.04), the control treatment being composed
only of distilled water. Sprays were sprayed
on larvae up to 24 hours old. The evaluated
biological parameters were the duration and
survival of the immature stage, the total average
oviposition/ female during this period, the
embryonic period and viability of offspring eggs,
classifying them according to the scale proposed
by the International Organization for Biological
and Integrated Control of Noxious Animals and
Plants (IOBC). The insecticides pimetrozine
and chlorantraniliprole were selective for larvae
of C. externa, while the other products tested
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were classified as harmful. Therefore, it is suggested that insecticides classified as
innocuous can be used, without causing risks to the first instar stage of this natural
enemy.

KEYWORDS: Green lacewings, biological control, pesticides.

SELETIVIDADE DE INSETICIDAS UTILIZADOS NO MELOEIRO SOBRE LARVAS
DE Chrysoperla externa HAGEN (NEUROPTERA: CHRYSOPIDAE)

RESUMO: A familia Chrysopidae é composta por varias espécies que atuam como
agentes de controle biol6gico, dentre as quais se destaca a espécie Chrysoperla
externa (Hagen, 1861) que ocorre em diversos cultivos, podendo estar expostas aos
tratamentos fitossanitarios aplicados aos insetos-pragas nessas lavouras agricolas.
Portanto, objetivou-se analisar a seletividade fisiol6gica de alguns inseticidas utilizados
no cultivo do meloeiro sobre larvas de 1° instar do predador C. externa. O trabalho foi
realizado em condi¢des de laboratério, avaliando os inseticidas nas concentra¢des
indicadas pelos fabricantes e recomendados para controle de pragas na cultura do
meloeiro. Os produtos testados com suas respectivas dosagens (g doi. a./ L de agua)
foram: clotianidina (0,1), pimetrozina (0,25), lambda-cialotrina (0,025), clorantraniliprole
(0,0025), indoxacarbe (0,036), piriproxifen (0,1), beta-ciflutrina/ imidacloprido
(0,0625+0,5), imidacloprido (1,05) e beta-cipermetrina (0,04), sendo o tratamento
controle composto apenas por agua destilada. As pulverizacdes foram realizadas em
larvas com até 24 horas de idade. Os parametros biolégicos avaliados foram a duracéo
e sobrevivéncia da fase imatura, a oviposicdo média total/ fémea no periodo avaliado,
periodo embrionario e a viabilidade dos ovos da progénie, classificando-os conforme
escala proposta pela International Organization for Biological and Integrated Control of
Noxious Animals and Plants (IOBC). Os inseticidas pimetrozina e o clorantraniliprole
foram seletivos para larvas de C. externa, enquanto os demais produtos testados
foram classificados como nocivos. Portanto, sugere-se que os inseticidas classificados
como inbcuos possam ser utilizados, sem causar riscos a fase de primeiro instar desse
inimigo natural.

PALAVRAS-CHAVE: Crisopideos, controle bioldgico, agrotdxicos.

11 INTRODUCTION

The Cucumis melo L. melon crop, one of the most important agricultural products
for the northeastern semi-arid region, is affected by several types of pest arthropods in
all its phenological phases, especially Liriomyza spp. (Diptera: Agromyzidae), Bemisia
tabaci (Genn.) Biotype B (Hemiptera: Aleyrodidae), Diaphania spp. (Lepidoptera:
Crambidae) and Aphis gossypii Gléver, 1877 (Hemiptera: Aphididae), present in melons
from Rio Grande do Norte and Cear4, usually controlled with systematic applications of
agricultural pesticides (ARAUJO et al., 2007; LIMA et al., 2012).

It is estimated that up to 15 applications of pesticides are carried out during a
cycle of the melon, which corresponds to an application within four days, endangering

Coletanea Nacional sobre Entomologia 2 Capitulo 8




human health and the environment, as well as impacting the lives of natural enemies
and promoting the resistance of insect-pests (GUIMARAES et al., 2005).

One of the strategies to minimize the potential impacts of pesticides in the melon
crop is the use of products considered selective, which preserve natural enemies in
it’s production systems (DEGRANDE et al., 2002; CARVALHO et al., 2007), once the
selectivity is characterized by maximizing the effect on arthropods-pest and minimizing
the effects on beneficial organisms (YAMAMOTO; BASSANEZI, 2003).

Among the biological control agents, stand out the insects belonging to the family
Chrysopidae, predators of many pests arthropods from different cultures. Many of the
chrysopods, such as Chrysoperla externa (Hagen, 1861) (Neuroptera: Chrysopidae)
stand out, occurring naturally in crops of economic interest (FONSECA; CARVALHO;
SOUZA, 2001), among them the melon crop (FREITAS; PENNY, 2001).

Figueira and Lara (2004) observed that C. externa reduced the population of the
green aphid Schizaphis graminum (Rondani) (Hemiptera: Aphididae) in genotypes of
sorghum at the ratio of 1 larvae of the chrysopod to 10 aphids. Ribeiro et al. (2007)
reported the predatory aptitude of C. externa larvae at different instances on the citrus
leafminer of the Citrus Phyllocnistis citrella (Station) (Lepidoptera: Gracillariidae),
and found that the highest larvae predation index occurred with third instance, which
consumed 43,2% of third instance caterpillars.

The objective of this study was to analyze the physiological selectivity of some
insecticides used in melon cultivation on first instance larvae of C. externa, in order to
investigate the importance of the chrysopideos as natural enemies of several pests in
agroecosystems.

2| MATERIAL AND METHODS

The experiment was carried out following the standard methodology of the
International Organization for Biological and Integrated Control of Noxious Animals and
Plants (IOBC). Each insecticide (commercial names, active ingredients, concentrations
used (dose) and chemical groups), represented in Table 1, the control being constituted
only by distilled water. Sprays were sprayed by means of a 500 ml capacity manually
pressurized sprayer with a flow rate of 0.58 ml/s and an average application rate of 1.5
+ 0.5 ml of chemical syrup/cm?.

Commercial name Active Dose Chemical
Ingredient (gi.a/L of Group
water)
Focus WP Clothianidin 0,1 Neonicotinoids
Chess 500 Pymetrozine 0,25 Pyridine azomethine
Karate Zeon 50CS Lambda-Cyhalothrin 0,025 Pyrethroid
Premio Chlorantraniliprole 0,0025 Anthranilamide
Rumo Indoxacarb 0,036 Oxadiazine
Cordial 100 Piriproxifem 0,1 Pyridyloxypropy! ether
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Connect Beta-Cyfluthrin / 0,0625+0,5 Pyrethroids /

Imidacloprid Neonicotinoids
Evidence 700 WG Imidacloprid 1,05 Neonicotinoid
Akito Beta-Cypermethrin 0,04 Pyrethroid

Table 1. Commercial name, active ingredient, dose and chemical group of insecticides valuated.

Effects of insecticides on first instar larvae of C. externa

Petri dishes (11.6 cm long x 9.6 cm wide x 0.5 cm thick) were sprayed with
the insecticides and kept at room temperature for about 1 hour for complete drying
of the insecticides on the surface. Soon after drying, thirty first instance larvae of C.
externa per treatment, from laboratory maintenance, were transferred individually to
Petri dishes and kept in a controlled room at 25 + 2 °C, RH 70 + 10% and 12 hours of
photophase.

The duration and survival of the larval phase, the total/ female average oviposition
from the contaminated larvae was evaluated, the pre-oviposition period and the viability
of progeny eggs in the first, third, sixth, ninth and twelfth hour after application of the
treatments, and then daily at 24 hour intervals, until adult’s growth.

Adults from contaminated 1st instar larvae were grouped in pairs and distributed
in the proportion of one pair per PVC cage 15 cm in diameter x 10 cm in height, totaling
a minimum of five and a maximum of 15 pairs per treatment. The cages were internally
coated with sulphite paper, used as an oviposition substrate, and the insects brewer’s
yeast + honey (1: 1) (CARVALHO; SOUZA, 2000, BIAGIONI; FREITAS, 2001) , 1 cm
wide and 5.0 cm long, fixed inside the cage, the tape being replaced every two days.
In the upper part of each cage, a 1.0 mL eppendorf® tube containing a cotton wad
saturated with water, was changed daily.

The number of eggs deposited by each female was counted for four consecutive
weeks and three times a week. At each count, 100 eggs of each treatment were
randomly selected and individualized, placed in a microtiter plate compartment, Enzyme
Linked Immuno Sorbent Assay (ELISA), closed with laminated PVC and kept in an air
conditioned room, under the conditions previously mentioned.

The experimental design was completely randomized with 10 treatments and 10
replicates, each experimental unit consisting of 4 larvae.

Data analysis

The total effect of each insecticide was calculated using the formula E = 100% -
(100% - M%) x R1 x R2, where: E = total effect (%); M% = treatment mortality corrected
by Abbott’s formula (1925); R1 = ratio between the daily mean of oviposited eggs per
treated and untreated female and R2 = ratio between the average viability of oviposited
eggs per treated and untreated female (VOGT, 1992).
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The insecticides were classified into the toxicity classes proposed by Hassan and
Degrande (1996): class 1 = innocuous (E <30% mortality), class 2 = slightly harmful (30
< E < 79% mortality), class 3 = moderately harmful (80 < E < 99% mortality) and class
4 = noxious (E> 99% mortality).

Data analysis was performed using the software (R CORE TEAM, 2016). The
Scott-Knott test was used to analyze the viability data, the Kruskal-Wallis test was used
for survival data, larval stages duration, pre-oviposition and average oviposition.

3 | RESULTS AND DISCUSSION

Treatments with the application of the insecticides clotiadinin, lambda-cyhalothrin,
beta-cyfluthrin / imidacloprid, imidacloprid and beta-cypermethrin caused 100%
mortality of the first instance larvae of Chrysoperla externa Hagen. These insecticides
belong to two chemical groups, which act in two distinct sites of action, modulating
the Na + channels and acting as acetylcholine (pyrethroid and neonicotinoid), both of
which cause the insects to die due to hyperexcitability. It may become more toxic when
the two chemical groups are mixed into a single insecticide, eg lambda-cyhalothrin and
beta-cyfluthrin / imidacloprid.

The indoxacarb insecticide extended the larval time of the first instance to 5.3
days on average when compared at 2.6 days observed for the control treatment (Table
2). Considering that indoxicarb is a neurotoxic product, which acts by blocking the Na
+ channels (MCCANN et al., 2001), the increase in larval time may be associated with
a higher energy expenditure by the insect in the young phase to reach the pupal stage
, consequently needing more time to supply their metabolic needs.

Generally, first-instance larvae are more sensitive to the effects of pesticides.
Godoy et al. (2004) found similar results to this study with first instar larvae of C.
externa submitted to the pyrethroid deltamethrin, not reaching the second instance. As
observed with fenpropatrin, which caused 100% mortality of the first instance larvae
up to three hours after its application (CARVALHO et al., 2002). Carbaryl, fenitrothion,
methidathion and trichlorfon also caused 100% mortality of first instar larvae (MOURA
et al., 2011). Therefore, larvae of the second and third instars of C. externa extended
the development time when submitted to deltamethrin (CASTILHO et al., 2013).

Third instance larvae from first instance larvae contaminated with pyriproxyfen
remained 16.1 days developing (Table 2). Piriproxifem belongs to the group of
juvenile hormone analogues, it is a juvenile hormone agonist (MIRANDA; BORTOLI;
TAKAHASHI, 2012), it prolongs the young phase, which explains the time of the third
larval instance, since, pyriproxifem has a slow toxicity initially, but prolonged, delaying
the lethal effect on insects (MARI; GUERREIRO, 2015). Silva et al. (2017) reported
similar results in time delay in third instance larvae when first instar larvae of Chrysoperla
genanigra were contaminated with pyriproxifen.

The insecticides pimetrozine and chlorantraniliprole allowed the predator to
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reach the pupa and adult phase, with the duration of these two phases not differing
significantly from the control, with 16.1; 15.1 and 13.6 days, respectively (Table 2).
Pimetrozine was initially developed for the control of sucking insects, affecting its
feeding behavior, however, the mechanism of action of the molecule is not yet well
identified, but, there was a selective action on several natural enemies (PAPA, 2003).
Meanwhile, chlorantraniliprole acts by activating the rianodine receptors of the insects,
releasing all the calcium stored in the sarcoplasmic reticulum, causing: paralysis,
lethargy, cessation of feeding and consequently death (CORDOVA et al., 2006; LAHM
et al., 2007). However, these insecticides did not cause lethal effects on first instar
larvae of C. externa intoxicated. The absence of direct effects of these products on
larvae up to the adult phase of C. externa may be linked to the action of carbamatases,
phosphatases and mixed function oxidases enzymes that degrade the toxic molecules
of pesticides over time, reducing the toxic action of these products (MOURA et al.,
2009).

Table 2 - Mortality (%), duration (days) of larvae of first, second and third instances,
pupa and adults (mean + standard error) of Chrysoperla externa from larvae of first
instance submitted to treatments.
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The period of oviposition of the progeny ranged from 2.6 (pymetrozine) to 4.8
days (Control) (Table 3). The insecticide with food-blocking action, pymetrozine, did
not cause toxic effects in the larval and pupal stages, but it influenced the reproductive
capacity of the predator, reducing the pre-oviposition period by 2.2 days in relation to
the control, also interfered with the number of eggs, causing an average of 52 eggs
more than the females of the control on the thirteenth day of evaluation. On the other
hand, the chlorantraniliprole insecticide did not present significant differences in the
pre-oviposition parameter in relation to the control, however, it provided results similar
to the insecticide pymetrozine in oviposition on the thirteenth day of evaluation (Table
3).

Pimetrozine acts by interfering with the feeding behavior of insects, more
specifically of aphids, blocking feeding through salivary gland paralysis, by means of a
neurotoxic mechanism (NICHOLSON et al., 1995; ESASHIKA et al., 2016). Among the
effects caused by chlorantraniliprole in insects is paralysis, lethargy, cessation of feeding
and finally death (LAHM et al., 2007). However, the toxic effects of insecticides include
changes in insect’s fecundity and fertility, interfering with subsequent generations of
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The viability of progeny eggs ranged from 89% to 95%, not affected by the

insects to that contaminated. Denominated by Croft (1990) as latent effects, in addition
to the effects of insect behavior on the reproductive behavior of beneficial insects may

still interfere with their predator behavior (MOURA et al., 2009).
insecticides pimetrozine and chlorantraniliprole, which allowed the early larvae to reach
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Imidacloprid  Beta-Cyfluthrin /
Imidacloprid

Beta
cypermethrin

Based on the toxicological classification proposed by IOBC, the insecticides
clothtianidin, lambda-cyhalothrin, indoxacarb, pyriproxyfen, Dbeta-cyfluthrin /
imidacloprid, imidacloprid and beta-cypermethrin were inserted into class 4, harmful,
with effect, E> 99%. They caused mortality of 100% of the larvae, they were not
selective for the C. externa predator, when applied in first instance larvae. Pimetrozine
and chlorantraniliprole were inserted into class 1, with a total effect of 1.2 and 11.9%,
classified as innocuous (E <30%), therefore considered selective for external C. (Table
4).

The same toxicological classification of neonicotinoid imidacloprid was found by
Bueno and Freitas (2001) and Godoy et al. (2010) in first instance and adult larvae
respectively. The high toxicity of neonicotinoids is related to their physico-chemical
characteristics, which characterize a greater potential for accumulation in organisms,
such as greater penetration capacity and accumulation in the cuticle of insects in fatty
tissues, which may affect their development (TOMIZAWA; CASIDA, 2005).

The lambda-cyhalothrin insecticide was classified as slightly harmful to third
instance larvae of Chrysoperla carnea (MAIA et al., 2016), for the first instance larvae
of C. externa, the same insecticide was classified as harmful in this study. Silva et
al. (2017) evaluating the same insecticides analyzed in this study found another
classification for pimetrozine (noxious), applied in larvae of the first instance of C.
genanigra. These results suggest that the toxicity of pesticides may vary from species
to species of Chrysopidae due to absorption, penetration, transport and activation
processes in the tissues and vital organs of organisms (GODOQY et al., 2010). Since
insects have enzymes that can metabolize insecticides, they detoxify and remove toxic
molecules (HEMINGWAY, 2000).
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Treatments Population Dead Dead Dead
Initial Larvae Pupa Pharate M%' MC%? R®™ R E%° Class®
(Larvae) Adults
Control 30 0 0 0 00,0 - 158 95 - -
Clotildinine 30 30 - - 100,0 100,0 - - - 4
Pymetrozine 30 0 1 0 3,33 333 173 91 1,2 1
Lambda-cyhalothrin 30 30 - - 100,0 100,0 - - - 4
Chlorantraniliprole 30 0 0 0 00,0 0,00 18,8 89 11,9 1
Indoxicarbe 30 30 - - 100,0 100,0 - - - 4
Piriproxifem 30 6 24 - 100,0 100,0 - - - 4
Beta-Cyfluthrin / 30 30 - - 100,0 100,0 - - - 4
Imidacloprid
Imidacloprid 30 30 - - 100,0 100,0 - - - 4
Beta-cypermethrin 30 30 - - 100,0 100,0 - - - 4
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Table 4 - Percentage of mortality caused by treatments, when applied to first instance larvae of
Chrysoperla externa, mean number of eggs / day / female, egg viability (%), and total effect (E)
followed by toxicity classification of compounds by IOBC

1 Cumulative mortality (%) of insects until the emergence of adults.

2 Cumulative mortality (%) of insects until adult emergence, corrected by Abbott’s formula (1925).

3 Average number of eggs / day / female for four consecutive weeks from the beginning of oviposition.

4 Viability (%) of eggs for four consecutive weeks.

5 Total effect of compounds (%).

6 IOBC toxicity class: class 1 = harmless (<30%), class 4 = harmful (> 99%).

4|1 CONCLUSION

The insecticides clothianidin, lambda-cyhalothrin, beta-cyfluthrin / imidacloprid,
imidacloprid and beta-cypermethrin were highly toxic to first instance larvae of the C.
externa predator, causing total larval mortality. Indoxacarbe and pyriproxyfen were
considered toxic when applied in first instance larvae, causing larval mortality in
the second and third instars, respectively. Pimetrozine and chlorantraniliprole were
selective for first instance larvae of C. externa, these being more advisable for use in
pest management programs in melon when present first instance larvae of C. externa.
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