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Selectivity of seven insecticides against pupae and adults of Chrysoperla externa
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Selectividad de insecticidas a pupas y adultos de Chrysoperla externa (Neuroptera: Chrysopidae)
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Abstract: The aim of this study was to evaluate the toxicity of seven insecticides (g a.i./L): chlorpyrifos (2.25), cartap
hydrochloride (1.66), pyriproxyfen (0.33), profenofos/lufenuron (1.33/0.13), fenpropathrin (0.40), deltamethrin/
triazophos (0.02/0.70), and zeta-cypermethrin (0.05). These insecticides are commonly used on coffee crop in Brazil
and they were sprayed, by using a Potter tower, on pupae and adults of the insect predator Chrysoperla externa.
The time of development of the treated pupae were not affected during the testing period and ranged from 9.2 to 9.5
days, although their survival was lower when chlorpyrifos and deltamethrin/triazophos were used, at approximately
62.5 and 75%, respectively. The other compounds did not aid in reducing this specific biological trait, with averages
ranging from 90% to 95%. Chlorpyrifos and fenpropathrin were highly toxic to adults of C. externa, causing 100%
mortality. Adult insects treated with deltamethrin/triazophos and zeta-cypermethrin showed survival rates of 15%
and 22.5%, respectively. The other products did not affect the mortality of directly treated adult insects. Deltamethrin/
triazophos and chlorpyrifos were classified as slightly harmful (class 2), whereas the other were considered harmless
to C. externa pupae. The insecticides cartap hydrochloride and pyriproxyfen were considered harmless to adults;
profenofos/lufenuron was slightly harmful; and chlorpyrifos, fenpropathrin, deltamethrin/triazophos, and zeta-
cypermethrin were considered harmful.
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Resumen: El objetivo de este estudio fue evaluar la toxicidad de siete insecticidas formulados (g de ingrediente
activo/L) clorpirifos (2,25), clorhidrato de cartap (1,66), piriproxifeno (0,33), profenofos/lufenuron (1,33/0,13), fenpro-
patrina (0,40), deltametrina/triazofos (0,02/0,70) y zeta-cipermetrina (0,05), empleados en el cultivo del café en Brasil,
sobre pupas y adultos de Chrysoperla externa, aplicados por pulverizacion mediante torre de Potter. El tiempo de
pupacion no fue afectado por las aplicaciones de los productos probados, oscilando entre 9,2 y 9,5 dias, mientras que
la supervivencia fue menor en los tratamientos con clorpirifos y deltametrina/triazofos, siendo de 62,5% y 75%, res-
pectivamente. Los otros compuestos no redujeron este parametro bioldgico, con promedios que oscilaron entre 90% y
95%. Clorpirifos y fenpropatrina resultaron muy toxicos para adultos de C. externa, al causar mortalidad del 100%. Los
adultos tratados con deltametrina/triazofos y zeta-cipermetrina también fueron afectados, con una supervivencia de tan
solo 15% y 22,5%, respectivamente. El resto de productos no afectaron a la mortalidad de los adultos del depredador. En
cuanto a la clasificacion toxicologica de los productos analizados, deltametrina/triazofos y clorpirifos fueron clasifica-
dos como ligeramente toxicos (clase 2), y los otros se consideraron inofensivos para pupas de C. externa. En referencia
a los adultos tratados con los insecticidas clorhidrato de cartap y piriproxifeno, ambos resultaron ser inofensivos; profe-
nofos/lufenuron resultd ser ligeramente toxico, y clorpirifos, fenpropatrina, deltametrina/triazofos y zeta-cipermetrina
fueron toxicos.
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Introduction

The state of Minas Gerais is one of the major producers of
coffee in Brazil, occupying an area of approximately 1 mil-
lion hectares, accounting for 52.8% of the national coffee
production. It is estimated that Brazilian coffee production
in 2012 will reach approximately 50 million 60-kg bags of
processed coffee (Conab 2012).

The coffee agroecosystem hosts a great diversity of ar-
thropod pests such as the coffee leaf miner Leucoptera cof-
feella (Guérin-Meneville & Perrottet, 1842) (Lepidoptera:
Lyonetiidae), coffee berry borer Hypothenemus hampei (Fer-
rari, 1867) (Coleoptera: Scolytidae), cicada Quesada gigas
(Olivier, 1790) (Hemiptera: Cicadidae), red coffee mite Oli-
gonychus ilicis (McGregor, 1919) (Acari: Tetranychidae),
broad mite Polyphagotarsonemus latus (Bankx, 1904) (Ac-
ari: Tarsonemidae), false spider mite Brevipalpus phoenicis

(Geijskes, 1939) (Acari: Tenuipalpidae), among other species
(Silva et al. 2010).

Amid sporadic outbreaks, other important pests causing
damage to coffee plants, both in the roots and the shoots, are
the mealybugs (Hemiptera: Pseudococcidae), including Dys-
micoccus texensis (Tinsley, 1900), Planococcus citri (Risso,
1813), Planococcus minor (Maskell), and Pseudococcus lon-
gispinus (Targioni Tozzetti, 1867) (Souza et al. 2008; Santa-
Cecilia et al. 2009).

Those pests are usually controlled through the applica-
tion of highly toxic, broad-spectrum pesticides containing or-
ganophosphates, pyrethroids, and neonicotinoids (Okumura
et al. 2003; Souza et al. 2007; Silva et al. 2010). These com-
pounds can be used up to three sprays consecutively per tar-
get pest (Agrofit 2009). However, for greater sustainability,
it is necessary to associate chemical and biological methods
of control (Ripper et al. 1951; Rigitano and Carvalho 2001;
Degrande et al. 2002; Foerster 2002).
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The family Chrysopidae consists of a large number of
species that stand out among predators because of its prev-
alence in coffee crops, with Chrysoperla externa (Hagen,
1861) (Neuroptera: Chrysopidae) being the most common
(Carvalho and Souza 2000). Its larvae exhibit predatory be-
havior throughout the developmental phase, which consists
of three instars (Fonseca et al. 2000). The green lacewings
are generalists and can feed on eggs and small caterpillars
of moths, aphids, mealybugs, whiteflies, and psyllids thriv-
ing in various crop species (Fonseca et al. 2000; Gongalves-
Gervasio and Santa-Cecilia 2001; Silva et al. 2002; Barbosa
et al. 2003; Auad et al. 2007).

On the basis of the significance of this natural enemy to
coffee crops, the aim of this study was to evaluate the im-
pact of insecticides on pupae and adults of the predator C.
externa under laboratory conditions to generate information
that could be employed in the improvement of integrated pest
management programs in coffee crops.

Material and methods

The experiments were performed in the laboratory at 25 +
2 °C, RH 70 + 10%, and photoperiod of 12 h. The products
used in the study are shown in Table 1. The control treatment
consisted only of distilled water.

Effects of insecticides on C. externa pupae. After approxi-
mately 24 h of pupal formation, in which a small black disk
develops during the last instar exuvia, forty pupae were col-
lected from laboratory cultures and distributed to 15 cm di-
ameter Petri dishes. The insecticides were sprayed directly on
the pupae using a Potter tower, with an application of 1.5 +
0.5 mg/cm? and pressure of 15 Ib/pol?, and after spraying the
pupae were individualized in glass tubes. The experimental
study was a completely randomized design with 8 treatments
and 10 replicates, with each plot consisting of four pupae.
The length of the pupal stage and survival of treated pupae
were then evaluated.

Effects of insecticides on adults of C. externa. One to two
days old adults were obtained from rearing maintenance,
separated by sex, anesthetized using CO, for 30 s, and then
placed in Petri dishes lined with filter paper. The insects
were then sprayed with insecticides similarly to the method-
ology used on the pupae assay. After spraying, two insects
were then transferred to a cylindrical PVC cage (diameter,

10 cm; height, 10 cm) covered with filter paper, which
served as the substrate for oviposition, and placed on a Petri
dish lined with the same type of paper and sealed at the
top with voile fabric. The adult insects were fed with brew-
er yeast and honey, and distilled water, supplied through
a moistened cotton wool placed over the voile fabric that
overlaid the cages, was provided every two days intervals.
Assessments of mortality of adult insects were initiated ap-
proximately 24 h after spraying.

Effects of insecticides on the reproductive parameters
of predators treated during pupal and adult phases -
Six couples per treatment, obtained from treated pupae and
adults, were kept in cylindrical PVC cages (diameter, 10
cm; height, 10 cm) and coated with white filter paper, which
served as the substrate for oviposition. The top of each cage
was sealed with voile fabric and the bottom laid on a Petri
dish lined with filter paper. The insects were fed with brewer
yeast and honey, using a ratio of 1 g of commercial product
to 1 mL of honey, and adding distilled water to the mixture.
This diet was coated on Parafilm® strips that were hung inside
the cages. Distilled water was supplied by means of a moist-
ened cotton wool placed on the voile fabric that shrouded the
cages.

The number of treatments varied because the formation of
couples depended on the toxicity of the applied insecticides.
Egg viability was assessed every 3 days intervals up to 28
days after the pre-oviposition. At each evaluation, 96 eggs
were collected at random, which were individually placed in
ELISA microwell plates. One egg was placed in each cham-
ber; the plates were sealed with laminated PVC film, and
were kept in an acclimatized room similar to the previous
experiments until larvae hatching.

Data analysis. Pupal survival, length of pupal phase, sur-
vival of treated adults, number of eggs laid, and egg viability
were analyzed using ANOVA and the means were compared
using the Scott and Knott test, at 5% significance (Scott and
Knott 1974).

Classification of insecticides based on standards estab-
lished by the International Organization for Biological
Control (IOBC). The total mortality of insects (from the
stage tested to adult emergence) was corrected by using Ab-
bott’s formula (1925). The tested insecticides were classified
according to its toxicity (Table 2) based on the reduction of

Table 1. Trade name, active ingredient, chemical group, doses of insecticides and concentrations of the active ingredients of the
compounds registered for the control of Leucoptera coffeella in coffee crop, tested on pupae and adults of Chrysoperla externa,

under laboratory conditions (Agrofit 2009).

Trade name Active ingredient Chemical group Doses' Concentrations’

Astro Chlorpyrifos Organophosphate 1.5 2.25
Cartap BR 500 Cartap hydrochloride Thiocarbamate 1.0 1.66
Cordial 100 Pyriproxyfen Ether piridiloxipropilico 1.0 0.33

Curyon 550 Profenofos/lufenuron Organophosphate/benzoylureas 0.8 1.33/0.13
Danimen 300 Fenpropathrin Pyrethroid 0.4 0.40

Deltaphos Deltamethrin/triazophos Pyrethroid/organophosphate 0.6 0.02/0.70
Fury 400 Zeta-cypermethrin Pyrethroid 0.04 0.05

'Maximum dose of the commercial product (c. p.) (L or kg / ha.).
2 Concentration of the active ingredient (g or mL / L of water).
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Table 2. Toxicity classes of pesticides to Chrysoperla externa, accord-
ing to the total effect (E), in laboratory tests.

Class* Toxicity E (%)
1 harmless <30
2 slightly harmful 30a79
3 moderately harmful 80a99
4 harmful >99

* Toxicity classes (Hassan and Degrande 1996).

biological characteristics of the insects using Vogt’s formula
(1992) as follows:

E=100% - (100% - % Mc) x R; x R,,
where:

E = total effect (%); Mc % = mortality corrected for control
treatment (Abbott, 1925); R, = ratio of the average daily eggs
laid per treated and untreated females; and R, = ratio of the
average fertile eggs laid by treated and untreated females.

Results and discussion

Effects of insecticides on pupae of C. externa. Low survival
rates were observed among pupae treated with chlorpyrifos
and deltamethrin/triazophos, which were calculated as 62.5%
and 75%, respectively (Table 3). These results are assigned to
the fact that the products may have penetrated into the small
holes present in the silk cocoon constructed by the insect.
The cocoons of the pupae of C. externa features holes on
its surface, with a diameter of about 6 um that pass through
the cocoon allowing the insect to breathe during the pupal
stage (Cosme et al. 2009). Another important fact is that the
chemical group of organophosphates has greater residual ef-
fect, which may have favored the death of adult in time of
emergency, when contacted cocoons contaminated (Table 4).
Silva et al. (2006) have also found that chlorpyrifos treatment
(1.2 g a.i./L water) caused a 77.5% reduction in the pupal
survival.

Table 3. Length (days) and survival (%) (+ SE) of pupae of Chrysoperla
externa treated with seven insecticides. Temperature of 25 + 2 °C, RH
70 + 10% and photoperiod of 12 hours.

Treatment Pupac
Duration** Survival*
Chlorpyrifos 9.3+0.14 62.5+2.16b
Cartap hydrochloride 9.3+0.15 90.0+6.12a
Pyriproxyfen 9.2+0.16 925+4.14a
Profenofos/lufenuron 9.5+0.16 95.0+2.50 a
Fenpropathrin 9.2+0.17 95.0+4.33a
Deltamethrin/triazophos 9.5+0.15 75.0+£5.59b
Zeta-cypermethrin 9.2+0.17 925+4.14a
Control 9.4+0.18 95.0+2.50a
CV (%) 4.69 5.87

“Means followed by the same letter in the column are not statistically different accord-
ing to the Scott-Knott test (P < 0.05).

**There was not statistically difference between treatments for duration of Chrysoperla
externa (P> 0.05).

No differences in pupal survival were observed for the
other insecticides, which allowed survival rates ranging from
90% to 95%, suggesting that the morphology of the cocoon
may have served as a barrier to the penetration of these com-
pounds, thus protecting the developing insects (Table 3).
These results are similar to those of Grafton-Cardwell and
Hoy (1985) that showed green lacewings eggs and pupae to
be more tolerant to pesticides. Godoy et al. (2004) also con-
firmed these results by showing that the insecticides (g a.i./L
water) thiacloprid (0.036), deltamethrin (0.0125), lufenuron
(0.0375), tebufenozide (0.12), fenbutatin oxide (0.4), and ab-
amectin (0.0054) caused no negative effects on pupal sur-
vival. Although the compounds (g a.i./L water) endosulfan
(1.050), esfenvalerate (0.075), fenpropathrin (0.090), tri-
chlorfon (0.090), and triflumuron (0.0375) tested by Ulhda
et al. (2002) reduced the survival of C. externa pupae, their
toxicities were classified as class 1, indicating that these re-
agents were safe, with average survival rates ranging from
70% to 86.7%.

Table 4. Number of couples, mortality (%), corrected mortality (%), average daily oviposition, egg viability (%), total effect (E%) and toxicity
classes based on criteria established by the IOBC on pupae of Chrysoperla externa treated with the insecticides. Temperature of 25 + 2 °C, RH 70

+ 10% and photoperiod of 12 hours.

Number

Treatment of couples M%!' Mc%? R} R,%?* E(%)’ Class®
Chlorpyrifos - 37.5 342 17.3 87.7 49.6 2
Cartap hydrochloride 5 10.0 5.3 19.5 88.7 17.3 1
Pyriproxyfen 6 7.5 2.6 19.9 92.7 9.3 1
Profenofos/lufenuron 6 5.0 0.0 20.9 88.3 6.9 1
Fenpropathrin 5 5.0 0.0 18.6 89.7 15.8 1
Deltamethrin/triazophos - 25.0 21.0 15.9 95.3 39.6 2
Zeta-cypermethrin 4 7.5 2.6 22.5 91.2 0.85 1
Control 6 5.0 - 20.1 98.6 - -

! Accumulated mortality (%) obtained during the development of the predator. > Corrected mortality (%) based in the control (Abbott 1925). *Number of eggs/day/female during the
first 28 days after the pre-oviposition. * Viability (%) of eggs collected in the period of four consecutive weeks. ° Total effect (%) of the products on the predator. E = 100% - (100%
- M%) x R, x R,. ¢ Toxicity classes proposed by Hassan and Degrande (1996), as follows: 1 = harmless (E < 30%), 2 = slightly harmful (30 < E < 79%), 3 = moderately harmful

(80 <E <99%) and 4 = harmful (E > 99%).
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Table 5. Number of couples, mortality (%), corrected mortality (%), average daily oviposition, egg viability (%), total effect (E%) and toxicity
classes based on criteria established by the IOBC on females of Chrysoperia externa treated with pesticides. Temperature of 25 + 2 °C, RH 70 +

10% and photoperiod of 12 hours.

Number of

Treatment couples M%' Mc%?* R/} R,%* E(%)* Class®
Chlorpyrifos 100.0 100.0 - 100.0 4
Cartap hydrochloride 15.0 10.5 17.1 87.4 13.9 1
Pyriproxyfen 6 10.0 53 16.9 91.6 5.7 1
Profenofos/lufenuron 6 15.0 10.5 17.1 66.8 342 2
Fenpropathrin 100.0 100.0 - 100.0 4
Deltamethrin/triazophos 85.0 84.2 - 100.0 4
Zeta-cypermethrin 71.5 76.3 - 100.0 4
Control 6 5.0 17.5 88.8 - -

! Accumulated mortality (%) obtained during the development of the predator. > Corrected mortality (%) based in the control (Abbott 1925).

3Number of eggs/day/female during the first 28 days after the pre-oviposition. * Viability (%) of eggs collected in the period of four consecutive weeks.

> Total effect (%) of the products on the predator. E = 100% - (100% - M%) x R, x R,. ¢ Toxicity classes proposed by Hassan and Degrande (1996), as follows: 1 = harmless (E <
30%), 2 = slightly harmful (30 < E < 79%), 3 = moderately harmful (80 < E < 99%) and 4 = harmful (E > 99%).

The pesticides were also shown to impart no effects on
the length of the pupal stage, which varied from 9.2 to 9.5
days (Table 3). The observed length of this stage was similar
to that of previous reports on green lacewings fed with dif-
ferent types of chemically uncontaminated prey (Figueira et
al. 2000; Costa et al. 2002; Maia et al. 2004; Macedo et al.
2010).

Chlorpyrifos and deltamethrin/triazophos were classified
as class 2, where they are considered slightly harmful to pu-
pae (30 < E < 79% mortality). The other insecticides were
considered harmless; therefore, they were selective to pupae
of C. externa. Hence, treatment during the pupal phase re-
sulted in negligible negative effects (Table 4). Rocha (2008)
examined the effects of insecticides (g a.i./L water), namely,
thiamethoxam (0.50), imidacloprid (0.70), endosulfan (2.63),
and dimethoate (0.48) and rated these as harmless to pupae of
C. externa.

Effects of the insecticides on directly treated C. externa
adults. Chlorpyrifos and fenpropathrin were shown to be
highly toxic to adult C. externa, causing 100% mortality.
The insects treated with deltamethrin/triazophos and zeta-
cypermethrin were also affected, resulting in average mor-
tality rates of 85% and 77.5%, respectively, indicating that
the adults are more sensitive to certain compounds and in-
secticides, such as those classified as organophosphates and
pyrethroids (Table 5).

The sensitivity of adult insects was also examined by
Godoy et al. (2010), who reported a high toxicity for thia-
methoxan (0.05 g a.i./L water), resulting in low survival
rates in C. externa and Ceraeochrysa cubana (Hagen, 1861)
(Neuroptera: Chrysopidae), at 22.7% and 0%, respectively,
approximately 4 days after application. Moura et al. (2010)
showed that the application of the compounds (g a.i./L water)
carbaryl (1.73), fenitrothion (0.75), and methidathion (0.4)
resulted in 100% mortality of adult C. externa populations
from two different localities (Bento Gongalves and Vacaria
- RYS), thus classifying these pesticides as harmful (class 4).
Bueno and Freitas (2001) classified imidacloprid as harmful
to adult insects at doses of 14.0, 17.5, and 21.0 g p.c./100
L of water, whereas Castilhos et al. (2011) reported that the
insecticides (g or mL of p.c./100 L water), malathion (300),

phosmet (200), dimethoate (250), and fenitrothion (150)
were harmful to adult insects. Rezaei ef al. (2007) evaluated
the impact of insecticides (L or kg of p.c./ha) imidacloprid
(0.25), propargite (1.5), and pymetrozine (1.0), reporting
mortality rates of 36.8%, 35.8%, and 37.1%, respectively, in
Chrysoperla carnea (Stephens, 1836) (Neuroptera: Chrysop-
idae) adults. Studies conducted by Preetha et al. (2009) using
the compounds (g or mL p.c./L) imidacloprid (0.56), methyl
demeton (1.0), diafenthiuron (3.2), and monocrotophos (2.0)
reported a mean mortality of 36.7%, 63.3%, 53.3%, and 60%,
respectively, approximately 48 hours after application.

Pyriproxyfen was observed as a safe insecticide, at the
concentration used and this may be attributable to the in-
creased activity of growth regulators during the last larval
or nymph instars (Faria 2009), or the ability of insect may
have to rapidly excrete this compound from its body. Medina
et al. (2002) showed that the topical application of 37.5 x
10” g a.i. pyriproxyfen per female of C. carnea resulted in
88% of the insects showing signs of penetration through the
cuticle approximately one day after treatment; however, 90%
of the insects showed a capacity for excretion approximately
two days after treatment. Velloso et al. (1999) observed no
changes on the survival of C. externa females treated with
pyriproxyfen (0.100 g a.i./L of water), confirming the results
obtained in the present study.

On the basis of the high mortality rates associated with
the application of chlorpyrifos, fenpropathrin, deltamethrin/
triazophos, and zeta-cypermethrin, these compounds were
considered harmful (class 4) to C. externa adults. Although
profenofos/lufenuron did not reduce the survival of treated
adults, this insecticide affected the reproductive capacity of
the insect, reducing the viability of eggs laid by treated fe-
males, thus allowing us to classify this product as slightly
harmful (class 2). Cartap hydrochloride and pyriproxyfen
were classified as class 1, indicating that these are harmless
to adult insects and can be recommended for integration into
pest management programs in coffee crops, as well as for the
preservation of this green lacewing species (Table 5).

Other studies have demonstrated the toxicity of organo-
phosphates and pyrethroids to adult lacewings, as work by
Vilela et al. (2009) who classified as harmful insecticide
fenpropathrin (0.3 g a.i./L) for adults of the same species of



38 Revista Colombiana de Entomologia

Andrea de Fatima T. et al.

predator, as Carvalho ef al. (2011) classified the insecticides
triazophos (0.6 g a.i./L water) as harmful (class 4) to adult of
C. cubana.

Conclusions

The examined pesticides showed no significant negative ef-
fects on C. externa pupae, as compared to the adult insects.
Cartap hydrochloride and pyriproxyfen were classified as
harmless. Profenofos/lufenuron was slightly harmful, where-
as chlorpyrifos, fenpropathrin, deltamethrin/triazophos, and
zeta-cypermethrin were categorized as harmful to C. externa
adults. Further studies using field conditions should be done
to confirm the toxicity levels of these compounds on this
predator.

Acknowledgements

The authors express their gratitude to the Study funded by
the Consorcio Brasileiro de Pesquisa ¢ Desenvolvimento
do Café - CBP&D/Café, Coordination for the Improvement
of Higher Education Personnel-CAPES, and Foundation for
Research Support of Minas Gerais, for their financial support
for the implementation of the project and for providing the
scholarships.

Literature cited

ABBOTT, W. S. A. 1925. Method of computing the effectiveness of
an insecticide. Journal of Economic Entomology 18: 265-267.

AGROFIT - Sistema de agrotoxicos fitossanitarios. 2009. Avail-
able at: http://extranet.agricultura.gov.br/agrofit cons/princi-
pal_agrofit cons. [Accessed: 10 June 2009].

AUAD, A. M.; CARVALHO, C. F.; SOUZA, B.; SIMOES, A. D.;
OLIVEIRA, S. A.; BRAGA, A. L. F;; FERREIRA, R.B. 2007.
Potencial de Chrysoperla externa (Hagen) no controle de Be-
misia tabaci (Gennadius) biétipo B em tomateiro. Acta Scien-
tiarum Agronomy 29 (1): 29-32.

BARBOSA, F. R.; FERREIRA, R .G.; KIILL, L. H. P.; SOUZA, E.
A.; MOREIRA, W. A.; ALENCAR, J. A.; HAJL F. N. P. 2003.
Nivel de dano, plantas invasoras hospedeiras, inimigos naturais
e controle do psilideo da goiabeira (7riozoida sp.) no submédio
Sdo Francisco. Revista Brasileira de Fruticultura 25 (3): 425-
428.

BUENO, A. E.; FREITAS, S. 2001. Efeito do hexythiazox e imi-
dacloprid sobre ovos, larvas e adultos de Chrysoperla externa
(Hagen) (Neuroptera: Chrysopidae). Revista Ecossistema 26
(1): 74-76.

CARVALHO, C. F.; SOUZA, B. 2000. M¢todos de criagao e
produgdo de crisopideos. pp. 91-109. In: Bueno, V.H.P. (Ed.).
Controle bioldgico de pragas: produgdo massal e controle de
qualidade. UFLA. Lavras. Brazil. 196 p.

CARVALHO, G. A.; CARVALHO, C. F.; FERREIRA, M. N. 2011.
Toxicidade de acaricidas a ovos e adultos de Ceracochrysa
cubana (Hagen, 1861) (Neuroptera: Chrysopidae). Ciéncia e
Agrotecnologia 35 (1): 165-171.

CASTILHOS, R. V.; GRUTZMACHER, A. D.; NAVA, D. E.; ZOT-
TI, M. J.; SIQUEIRA, P. R. B. 2011. Seletividade de agrotoxi-
cos utilizados em pomares de péssego a adultos do predador
Chrysoperla externa (Hagen, 1861) (Neuroptera: Chrysopidae).
Revista Brasileira de Fruticultura 33 (1): 73-80.

CONAB - Companhia Nacional de Abastecimento. 2012. Acom-
panhamento da safra brasileira de graos — café - safra 2012
(segunda estimativa). Available at: http://www.conab.gov.br/
OlalaCMS/uploads/arquivos/12_05 10 08 56 04 boletim
cafe - maio 2012.pdf. [Review date: 10 May 2012].

COSME, L. V.; CARVALHO, G. A.; MOURA, A. P.; PARREIRA,
D. S. 2009. Toxicidade de 6leo de nim para pupas ¢ adultos de
Chrysoperla externa (Hagen) (Neuroptera: Chrysopidae). Ar-
quivos do Instituto Biologico 76 (2): 233-238.

COSTA, R. L. F;; ECOLE, C. C.; SOARES, J. J.; MACEDO, L.
P. M. 2002. Duragdo e viabilidades das fases pré-imaginais
de Chrysoperla externa (Hagen) alimentadas com Aphis gos-
sypii Glover e Sitotroga cerealella (Olivier). Acta Scientiarum
Agronomy 24 (2): 353-357.

DEGRANDE, P. E., REIS, P. R.; CARVALHO, G. A.; BELARM-
INO, L. C. 2002. Metodologia para avaliar o impacto de pes-
ticidas sobre inimigos naturais. pp. 71-93. In: Parra, J. R. P;
Botelho, P. S. M.; Corréa-Ferreira, B. S.; Bento, J. M. S. Con-
trole Biolégico no Brasil: parasitoides e predadores. Manole.
Sao Paulo. Brasil. 626 p.

FARIA, A. B. C. 2009. Revisao sobre alguns grupos de inseticidas
utilizados no manejo integrado de pragas florestais. Ambiéncia
5(2): 345-358.

FIGUEIRA, L. K.; CARVALHO, C. F.; SOUZA, B. 2000. Biologia
e exigéncias térmicas de Chrysoperla externa (Hagen, 1861)
(Neuroptera: Chrysopidae) alimentada com ovos de Alabama
argillacea (Hiibner, 1818) (Lepidoptera: Noctuidae). Ciéncia e
Agrotecnologia 24 (2): 319-326.

FOERSTER, L. A. 2002. Seletividade de inseticidas a predadores
¢ parasitoides. pp. 95-114. In: Parra, J. R. P.; Botelho, P. S.
M.; Corréa-Ferreira, B.S.; Bento, J.M.S. Controle Bioldgico
no Brasil: parasitoides e predadores. Manole. Sdo Paulo. Bra-
zil. 626 p.

FONSECA, A. R.; CARVALHO, C. F.; SOUZA, B. 2000. Res-
posta Funcional de Chrysoperla externa (Hagen) (Neuroptera:
Chrysopidae) alimentada com Schizaphis graminum (Rondani)
(Hemiptera: Aphididae). Anais da Sociedade Entomoldgica do
Brasil 29 (2): 309-317.

GODOY, M. S.; CARVALHO, G. A.; MORAES, J. C.; COSME,
L. V.; GOUSSAIN, M. M.; CARVALHO, C. F.; MORALIS, A.
A. 2004. Seletividade de seis inseticidas utilizados em citros a
pupas ¢ adultos de Chrysoperla externa (Hagen) (Neuroptera:
Chrysopidae). Neotropical Entomology 33 (3): 359-364.

GODOY, M. S.; CARVALHO, G. A.; CARVALHO, B. F.; LAS-
MAR, O. 2010. Seletividade fisiologica de inseticidas em duas
espécies de crisopideos. Pesquisa Agropecudria Brasileira 45
(11): 1253-1258.

GONCALVES-GERVASIO, R. C. G.; SANTA-CECILIA, L. V. C.
2001. Consumo alimentar de Chrysoperla externa sobre as dife-
rentes fases de desenvolvimento de Dysmicoccus brevipes, em
laboratorio. Pesquisa Agropecuaria Brasileira 36 (2): 387-391.

GRAFTON-CARDWELL, E. E.; HOY, M. A. 1985. Short-term ef-
fects of permethrin and fenvalerate on oviposition by Chrysop-
erla carnea (Neuroptera: Chrysopidae). Journal of Economic
Entomology 78 (4): 955-959.

HASSAN, S. A.; DEGRANDE, P. E. 1996. Methods to test the side
effects of pesticides on Trichogramma. pp. 63-74. In: Parra,
J. R. P.; Zucchi, R. (Eds.). Curso de controle bioldgico com
Trichogramma. FEALQ. Piracicaba. Brazil. 324 p.

MACEDO, L. P. M.; PESSOA, L.G.A.; SOUZA, B.; LOUREIRO,
E. S.2010. Aspectos biologicos e comportamentais de Chrysop-
erla externa (Hagen, 1861) em algodoeiro. Semina Ciéncias
Agrarias 31 (supl. 1): 1219-1228.

MAIA, W. J. M. S.; CARVALHO, C. F.; CRUZ, 1; MAIA, T. J.
A. F.; SOUZA, B. 2004. Capacidade predatéria e aspectos bi-
ologicos de Chrysoperla externa (Hagen, 1861) (Neuroptera:
Chrysopidae) alimentada com Rhopalosiphum maidis (Fitch,
1856) (Hemiptera: Aphididae). Ciéncia e Agrotecnologia 28
(6): 1259-1268.

MEDINA, P.; SMAGGHE. G.; BUDIA, F.; DEL ESTAL, P.; TIR-
RY, L.; VINUELA, E. 2002. Significance of penetration, excre-
tion, and transovarial uptake to toxicity of three insect growth
regulators in predatory lacewing adults. Archives of Insect Bio-
chemistry and Physiology 51: 91-101.



Selectivity of insecticides against Chrysoperla externa 39

MOURA, A. P.; CARVALHO, G. A.; MOSCARDINI, V. F.; LAS-
MAR, O.; REZENDE, D. T.; MARQUES, M.C. 2010. Selec-
tivity of pesticides used in integrated apple production to the
lacewing, Chrysoperla externa. Journal of Insect Science 10
(121): 1-20.

OKUMURA, A. S. K.; NEVES, P. M. O. J.; POSSANGNOLO, A.
F.; CHOCOROSQUI, V. R.; SANTORO, P. H. 2003. Controle
da broca-do-café, Hypothenemus hampei Ferrari em terreiros de
secagem de café. Semina Ciéncias Agrarias 24 (2): 277-282.

OMOTO, C. 2000. Modo de acao de inseticidas e resisténcia de in-
setos a inseticidas. pp. 31-49. In: Guedes, J. C.; Costa, I. D.;
Castiglioni, E. (Org.). Bases e técnicas do manejo de insetos.
Pallotti. Santa Maria. Brazil. 248 p.

PREETHA, G.; STANLEY, J; MANOHARAN, T.; CHAN-
DRASEKARAN, S.; KUTTALAN, S. 2009. Toxicity of imi-
dacloprid and diafenthiuron to Chrysoperla carnea (Stephens)
(Neuroptera: Chrysopidae) in the laboratory conditions. Journal
of Plant Protection Research 49 (3): 290-296.

REZAEI, M.; TALEBI, K.; NAVEH, V. H.; KAVOUSI, A. 2007.
Impacts of the pesticides imidacloprid, propargite, and pymetro-
zine on Chrysoperla carnea (Stephens) (Neuroptera: Chrysopi-
dae). BioControl 52: 385-398.

RIGITANO, R. L. O.; CARVALHO, G. A. 2001. Toxicologia e sele-
tividade de inseticidas. UFLA/FAEPE. Lavras. Brazil. 72 p.
RIPPER, W. E.; GREENSLADE, R. M.; HARTLEY, G. S. 1951.
Selective insecticides and biological control. Journal of Eco-

nomic Entomology 44 (4): 448-458.

ROCHA, L. C. D. 2008. Seletividade fisiologica de inseticidas uti-
lizados em cultura cafeeira sobre os predadores Chrysoperla ex-
terna (Hagen, 1861) (Neuroptera: Chrysopidae) e Cryptolaemus
montrouzieri Mulsant, 1853 (Coleoptera: Coccinellidae). Tese
de doutorado em Entomologia, Universidade Federal de Lavras.
Lavras, MG, Brasil. 133 p.

SANTA-CECILIA, L. V. C.; CORREA, L. R. B.; SOUZA, B.;
PRADO, E.; ALCANTRA, E. 2009. Desenvolvimento de Pla-
nococcus citri (Risso, 1813) (Hemiptera: Pseudococcidae) em
cafeeiros. Acta Scientiarum Agronomy 31 (1): 13-15.

SCOTT, A. J.; KNOTT, M. A. 1974. A cluster analysis method
for grouping means in the analysis of variance. Biometrics 30:
507-512.

SILVA, G. A.; CARVALHO, C. F.; SOUZA, B. 2002. Aspectos bi-
ologicos de Chrysoperla externa (Hagen, 1861) (Neuroptera:
Chrysopidae) alimentada com lagartas de Alabama argillacea
(Huibner, 1818) (Lepidoptera: Noctuidae). Ciéncia e Agrotecno-
logia 26 (4): 682-698.

SILVA, R. A.; CARVALHO, G. A.; CARVALHO, C. F.; REIS, P.
R.; SOUZA, B.; PEREIRA, A. M. A. R. 2006. A¢ao de produtos
fitossanitarios utilizados em cafeeiros sobre pupas e adultos de
Chrysoperla externa (Hagen, 1861) (Neuroptera: Chrysopidae).
Ciéncia Rural 36 (1): 8-14.

SILVA, R. A.; SOUZA, J. C.; REIS, P. R.; SANTA-CECILIA, L. V.
C. 2010. Sintomas de injurias causadas pelo ataque de pragas
em cafeeiro. pp. 107-142. In: Guimardes, R. J.; Mendes; A. N.
G.; Baliza, D. P. Semiologia do cafeeiro: sintomas de desordens
nutricionais, fitossanitarias e fisiologicas. 1" ed. Editora UFLA.
Lavras. Brazil. 215 p.

SOUZA, B.; SANTA-CECILIA, L. V. C.; PRADO, E.; SOUZA, J.
C. 2008. Cochonilhas-farinhentas (Hemiptera: Pseudococcidae)
em cafeeiros (Coffea arabica L.) em Minas Gerais. Coffee Sci-
ence 3 (2): 104-107.

SOUZA, J. C.; REIS, P. R.; RIBEIRO, J. A.; SANTA-CECILIA, L.
V. C.; SILVA, R. A. 2007. Controle quimico da cochonilha-da-
raiz, Dysmicoccus texensis (Tinsley, 1900) em cafeeiro (Coffea
arabica L.). Coffee Science 2 (1): 29-37.

ULHOA, J. L. R.; CARVALHO, G. A.; CARVALHO, C. F.; SOU-
ZA, B. 2002. Agédo de inseticidas recomendados para o controle
do curuqueré-do-algodoeiro para pupas e adultos de Chrysop-
erla externa (Hagen, 1861) (Neuroptera: Chrysopidae). Ciéncia
e Agrotecnologia edigdo especial: 1365-1372.

VELLOSO, A. H. P; RIGITANO, R. L. O.; CARVALHO, G. A,;
CARVALHO, C. F. 1999. Efeitos de compostos reguladores de
crescimento de insetos sobre larvas e adultos de Chrysoperla
externa (Hagen, 1861) (Neuroptera: Chrysopidae). Ciéncia e
Agrotecnologia 23 (1): 96-101.

VOGT, H. 1992. Untersuchungen zu nebenwirkungen von insekti-
ziden und akariziden auf Chrysoperla carnea Sthep. (Neurop-
tera: Chrysopidae). Mededelingen Faculteit Landbouwkundige
57 (2b): 559-567.

Received: 26-Dec-2012 » Accepted: 30-May-2013



