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Selectivity of pesticides used in rice crop
on Telenomus podisi and Trichogramma pretiosum’
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ABSTRACT

Telenomus and Trichogramma species stand out as
agents for the biological control in rice crops, and the main
strategy for preserving them is the use of selective pesticides.
This study aimed at evaluating the toxicity of pesticides
used in irrigated rice crop on Telenomus podisi Ashmead
(Hymenoptera: Platygastridae) and Trichogramma pretiosum
Riley (Hymenoptera: Trichogrammatidae). Adults of these
parasitoids were exposed to dry residues of pesticides, in a
completely randomized experiment, with 25 treatments (24
pesticides + control) and four replications. The insecticides
clorantraniliprole, flubendiamide and diflubenzuron and
the biological insecticides based on Beauveria bassiana
and Metarhizium anisopliae were harmless to 7. podisi and
T. pretiosum. The harmless herbicides were: 2.4-D amine,
profoxydim, quinclorac, ethoxysulfuron and saflufenacil.
The fungicide epoxiconazole + kresoxim-methyl was also
harmless to these two biological control agents. Therefore, these
pesticides are indicated for the integrated pest management, in
flooded rice areas.

RESUMO

Seletividade de pesticidas utilizados em arroz
sobre Telenomus podisi e Trichogramma pretiosum

Espécies de Telenomus e Trichogramma destacam-se como
agentes de controle bioldgico em éreas orizicolas, e a principal
estratégia para sua preservagao ¢ a utilizagao de agrotoxicos seletivos.
Objetivou-se avaliar a toxicidade de agrotdxicos utilizados em areas
de arroz irrigado sobre 7elenomus podisi Ashmead (Hymenoptera:
Platygastridae) e Trichogramma pretiosum Riley (Hymenoptera:
Trichogrammatidae). Adultos desses parasitoides foram expostos
a residuos secos de agrotoxicos, em experimento inteiramente
casualizado, com 25 tratamentos (24 agrotoxicos + testemunha) e
quatro repeti¢des. Os inseticidas clorantraniliprole, flubendiamida e
diftubenzurom e os inseticidas bioldgicos a base de Beauveria bassiana
e Metarhizium anisopliae foram indcuos para T’ podisi e T. pretiosum.
Os herbicidas indcuos foram: 2,4-D amina, profoxidim, quincloraque,
etoxissulfurom e saflufenacil. O fungicida epoxiconazol + cresoxim-
metilico também foi indcuo para esses dois agentes de controle
bioldgico. Portanto, esses agrotoxicos sao indicados para o manejo
integrado de pragas, em éreas de arroz irrigado.

KEY-WORDS: Oryza sativa; egg parasitoids; integrated pest
management.

INTRODUCTION

Rice is one of the cereals with greatest
economic and social importance worldwide, and
Brazil is the largest producer outside the Asian
continent (FAO 2015). Despite the high yield,
in Brazil, rice crops are subject to the action of
numerous pest organisms that cause economic losses.
The predominant method for pest control consists of
applying pesticides (Pazini et al. 2015), which can
exert a negative influence on the population of natural
enemies of insect pests (Lou et al. 2013).

PALAVRAS-CHAVE: Oryza sativa; parasitoide de ovos; manejo
integrado de pragas.

The Telenomus and Trichogramma genera
stand out as egg parasitoids of stinkbugs and
lepidopterans that are being used for biological
control in rice crops (Ko et al. 2014). Telenomus
podisi Ashmead (Hymenoptera: Platygastridae) is
a generalist species that parasitizes a wide range of
hosts. 7" podisi is among the most abundant species
associated with oviposition of heteropterans in a
number of crops (Pacheco & Corréa-Ferreira 2000,
Maruyama et al. 2002, Godoy et al. 2005), such as
in eggs of Tibraca limbativentris Stal (Hemiptera:
Pentatomidae) (Riffel et al. 2010, Idalgo et al. 2013)

1. Manuscript received in Apr./2016 and accepted for publication in Sep./2016 (http://dx.doi.org/10.1590/1983-40632016v4640844).
2. Universidade Federal de Pelotas, Faculdade de Agronomia Eliseu Maciel, Departamento de Fitossanidade, Capao do Ledo, RS,
Brazil. E-mails: julianopazzini@hotmail.com, adgrutzm@ufpel.edu.br, rafa.pasini@yahoo.com.br, matheusrakes@hotmail.com.
3. Empresa Brasileira de Pesquisa Agropecuaria (Embrapa Clima Temperado), Capdo do Ledo, RS, Brazil.
E-mail: jose.martins@embrapa.br.



328 J. de B. Pazini et al. (2016)

and Glyphepomis adroguensis Berg (Hemiptera:
Pentatomidae) (Farias et al. 2012) found in irrigated
rice.

Egg parasitoids of the Trichogramma genus
are reported as agents for the biological control of
Lepidoptera pests in irrigated rice crops (Rani et
al. 2007), in many countries. Some of the hosts are
the eggs of the Asiatic rice borer Chilo suppressalis
(Walker) (Lepidoptera: Crambidae) (Chen etal. 2010,
Ko et al. 2014), the rice leafroller Cnaphalocrocis
medinalis (Guenee) (Lepidoptera: Pyralidae) (Gurr et
al. 2012) and the rice yellow stem borer Scirpophaga
incertulas (Walker) (Lepidoptera: Crambidae) (Guo
etal. 2002), among others. In Brazil, several species
of Trichogramma have been described (Querino &
Zucchi 2003), and Trichogramma pretiosum Riley
(Hymenoptera: Trichogrammatidae) is one of the
most used for controlling Lepidoptera pests (Brugger
et al. 2010, Stefanello Junior et al. 2012).

The use of pesticides in rice crops is a reality,
and integrated pest management is an alternative
required (Sosbai 2014). Therefore, one strategy for
the preservation of the parasitoids is to use selective
insecticides, herbicides and fungicides, as well as
other chemical and biological agents more harmless
to natural enemies (Biondi et al. 2012). However,
there is a lack of information on the adverse effects
of the main insecticides, herbicides and fungicides
on eggs parasitoids used for biological control in
Brazil, in rice crops.

This study aimed at evaluating the selectivity
of pesticides (insecticides, herbicides and fungicides)
used in irrigated rice crop on adults of 7. podisi and
T. pretiosum egg parasitoids.

MATERIAL AND METHODS

The study was conducted at the Universidade
Federal de Pelotas, in Capao do Ledo, Rio Grande
do Sul State, Brazil, between 2014 and 2015.
The procedures followed standards adapted from
the International Organisation for Biological and
Integrated Control of Noxious Animals and Plants
(IOBC) (Hassan et al. 2000, Carmo et al. 2010).

Eggs of alternate hosts Anagasta kuehniella
(Zeller) (Lepidoptera: Pyralidae) (Parra 1997)
and Euschistos heros (Fabricius) (Hemiptera:
Pentatomidae) (Borges et al. 2006) and adults of
T. pretiosum (Hassan et al. 2000) and T. podisi
(Perez & Corréa-Ferreira 2004, Silva et al. 2008)

were obtained from mass rearing in the laboratory
(temperature: 25 + 1 °C; relative humidity: 70 £ 10 %;
photophase: 14 h).

A total of 24 pesticides that are commonly
used in irrigated rice crop were evaluated on adults
of T. podisi and T. pretiosum (Table 1). Selectivity
bioassays were conducted with insecticides, herbicides
and fungicides and a control treatment (distilled
water). The doses used followed the registered
maximum doses for rice and/or irrigated rice
(Agrofit 2015) (Table 1), adjusted to a mix volume
of 200 L ha'!. The experimental design adopted was
completely randomized, with 25 treatments (24
products + control) and four replications.

For the selectivity bioassays on adults of
T. podisi, eggs of E. heros parasitized by T. podisi
(£ 50 eggs) were deposited in emergence tubes
(glass bottles of 12 cm long x 2 cm in diameter in
one end and 0.7 cm in another) with a few drops of
pure honey. The tubes were placed in an acclimatized
room (temperature: 25 £ 1 °C; relative humidity:
70 = 10 %; photophase: 14 h), until the parasitoids
emergence. The pesticides were sprayed on glass
plates (13 cm x 13 cm), in a Potter tower, calibrated
to deposit 1.75 £ 0.25 mg of mix per cm?. The edges
of the plates were protected by a square plastic
structure, so that only the central area measuring
10 cm x 10 cm was sprayed. After the drying period,
the plates were fixed in contact cages, in a circulating
air system (Hassan et al. 2000). The outer surfaces
of the plates that were not treated were covered
with black paper, with a square-shaped cut in the
center (7 cm x 7 c¢cm), in order to concentrate the
parasitoids in the treated area, attracted by the light.
Emergence tubes with adult parasitoids (24 h of age)
were attached to the cages, which were kept in an
acclimatized room (temperature: 25 + 1 °C; relative
humidity: 70 £ 10 %; photophase: 14 h).

Twenty hours later, the emergence tubes
were uncoupled. Eggs of E. heros (cards with £ 100
eggs) were offered to the parasitoids in the cages, at
24 h, 48 h and 72 h after the pesticides spraying. The
experiment was terminated after 96 h of parasitoids
exposure to pesticide residues. After this period, the
cards of eggs were removed from the cages and stored
under the same test conditions to check for parasitism.

For the selectivity bioassays on adults of
T. pretiosum, eggs of A. kuehniella parasitized
by T. pretiosum (250 + 50 eggs) were placed in
emergence tubes containing a few drops of pure
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honey and stored (temperature: 25 = 1 °C; relative
humidity: 70 = 10 %, photophase: 14 h) until the
emergence of the parasitoids. The methods used for
pesticide sprays, insertion of insects into the cages
and coupling/decoupling of emergence tubes were
the same previously described for the toxicity test
with 7. podisi.

Eggs of A. kuehniella on cards containing
450 £+ 50 eggs each were offered to the parasitoids
in cages at 24 h (three cards), 48 h (two cards) and
96 h (one card) after the pesticides spraying. The
experiment was terminated after 168 h of parasitoids
exposure to pesticide residues. After this period,
the cards of eggs were removed from the cages and
stored under the same test conditions to check for
parasitism.

The mean number of parasitized eggs per
female in each treatment was used to estimate
parasitism. The parasitism reduction, compared
to the control treatment, was calculated by the

equation PR (%) = [(1 - Vt/Vc¢) * 100], where PR
is the percentage of parasitism reduction, Vz the
mean parasitism for the treatment and V¢ the mean
parasitism in the control treatment. Thereby, the
pesticides were classified according to the IOBC
standards: class 1: harmless (PR < 30 %); class 2:
slightly harmful (30 % < PR < 79 %); class 3:
moderately harmful (80 % < PR <99 %); class 4:
harmful (PR > 99 %).

The data on the mean number of eggs per
female parasitized were subjected to the Shapiro-
Wilk normality test and homogeneity of variances
by the Bartlett test. If these assumptions were not
met, the Kruskal-Wallis non-parametric analysis
was carried out, and the average of the treatments
were compared by the Dunn test, at 5 %. In case
of normality and equality of variances, the means
were compared by the Scott-Knott test, at 5 %. The
R software 3.2.0 (R Development Core Team 2015)
was used to carry out the tests.

Table 1. Pesticides used in irrigated rice crop on Telenomus podisi and Trichogramma pretiosum.

Commercial product (c.p.)® Active ingredient Formulation and concentration' Dose of c.p./ha"
Insecticide
Altacor Chlorantraniliprole WG 350 0.09
Belt* Flubendiamide SC 480 0.07
Boveril Beauveria bassiana WP - 0.50
Engeo Pleno Lambda-cyhalothrin + thiamethoxam SC 106 + 141 0.20
Incrivel Acetamiprid + alpha-cypermethrin SC 100 + 200 0.25
Karate Zeon 50 CS Lambda-cyhalothrin SC 50 0.15
Klap Fipronil SC 200 0.06
Metarril Metarhizium anisopliae WP - 0.50
Micromite 240 SC Diflubenzuron SC 240 0.10
Mustang 350 EC Zeta-cypermethrin EC 350 0.04
Safety Etofenprox EC 300 0.30
Herbicide
Aminol 806 2.4-D amine SL 806 1.50
Aura 200 Profoxydim DC 200 0.85
Facet Quinclorac WP 500 0.75
Gladium Ethoxysulfuron WG 600 0.13
Heat Saflufenacil WG 700 0.14
Fungicide
Aproach Prima Picoxystrobin + cyproconazole SC 200 + 80 0.40
Brio Epoxiconazole + kresoxim-methyl SC 125 + 125 1.00
Dithiobin 780 WP Thiophanate-methyl + mancozeb WP 140 + 640 2.50
Eminent 125 EW Tetraconazole EW 125 0.50
Folicur 200 EC Tebuconazole EC 200 0.75
Fox* Trifloxystrobin + prothioconazole SC 150 + 175 0.40
Nativo 300 SC Trifloxystrobin + tebuconazole SC 100 + 200 0.75
Priori Xtra Azoxystrobin + cyproconazole SC 200 + 80 0.30

* Pesticides unregistered for rice and/or irrigated rice crop - registration dose in soybean crop (Agrofit 2015). ' Formulation and concentration (mL L' or g kg!) - EC:
emulsifiable concentrate; EW: emulsion, oil in water; DC: dispersible concentrate; SC: suspension concentrate; SL: soluble concentrate; WG: water dispersible granule;

WP: wettable powder. " Maximum dose of commercial product (c.p.) registered for rice and/or irrigated rice crop (L or kg of c.p. ha') (Agrofit 2015).
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RESULTS AND DISCUSSION

Significant differences were observed in the
parasitism reduction of 7. podisi and T. pretiosum
between the treatments with insecticides (Table 2).
Chlorantraniliprole, flubendiamide, diflubenzuron
and the biological insecticides based on Beauveria
bassiana and Metarhizium anisopliae did not
differ from the control, in terms of number of eggs
parasitized, and were classified as harmless (class 1),
with a parasitism reduction of no more than 10 % for
both parasitoids (Table 2).

The harmlessness of chlorantraniliprole
was reported for 7. pretiosum and other species of
parasitoid eggs (Hymenoptera: Trichogrammatidae),
such as Trichogramma dendrolimi Matsumura,
Trichogramma chilonis Ishii and Trichogramma
Jjaponicum Ashmead (Preetha et al. 2009, Brugger et
al. 2010, Uma et al. 2014). Similarly, flubendiamide
is harmless to non-target organisms, such as
predators and parasitoids (Sudhanan et al. 2014).
Insecticides of the Diamides chemical group, such
as chlorantraniliprole and flubendiamide, act on
ryanodine receptors (Ebbinghaus-Kintscher et al.
2007), which cause insect death by preventing the
normal muscle contractions of the insect. These

compounds are very selective, since they act more
specifically on phytophagous insects, primarily the
Lepidoptera order (Stecca et al. 2014). In addition,
they are considered harmless to natural enemies
(Lahm et al. 2009), because they act by contact
primarily through ingestion, as evidenced by our
contact test with dry pesticide residues (Table 2).
Diflubenzuron was also selective to Telenomus
remus Nixon (Hymenoptera: Platygastridae) (Carmo
et al. 2010) and T. pretiosum (Carvalho et al. 1994).
Insecticides like diflubenzuron, which is an insect
growth regulator, have the ability to kill specifically
the target insect and preserve the agents of biological
control. Hormones that trigger the physiological
molting process have different efficacy among the
taxonomic orders of insects (Carmo et al. 2010).
Pests and their natural enemies are generally from
different orders. Moreover, insect growth regulators
affect immature stages of insects during the whole
molting process (Reynolds 1987), and, thus, adults
of non-target species, such as parasitoids and
predators, are rarely affected (Bastos et al. 2006).
Lufenuron, triflumuron and novaluron, belonging
to the Benzoylurea chemical group, as well as
diflubenzuron, were also described as harmless
to T. pretiosum (Carvalho et al. 2010) and may

Table 2. Effect of insecticides and biological insecticides used in irrigated rice crop on the mean number of parasitized eggs, parasitism
reduction of Telenomus podisi and Trichogramma pretiosum and selectivity classification (temperature: 25 £ 1 °C; relative

humidity: 70 + 10 %; photophase: 14 h).

Telenomus podisi

Trichogramma pretiosum

Active ingredient Eggs/female Parasitism Class™ Eggs/female Parasitism Class
(X+EP)! reduction (%)" (X +EP) reduction (%)
Bioassay 1
Chlorantraniliprole 57+0.6a* 1.7 1 244 +45 a* 0.1 1
Lambda-cyhalothrin + Thiamethoxam 0.0+ 0.0 ¢ 100.0 4 0.0£0.0b 100.0 4
Lambda-cyhalothrin 0.1+0.1bc 97.9 3 0.0+0.0b 100.0 4
Fipronil 0.0+00c¢ 100.0 4 0.0+0.0b 100.0 4
Etofenprox 1.8+0.1b 68.8 2 0.0+0.0Db 100.0 4
Control 58+03a - - 244+0.8a - -
Bioassay 2
Flubendiamide 54+0.6a" 0.0 1 17.5+ 1.6 a** 9.7 1
Beauveria bassiana 6.0+03a 0.0 1 19.0+4.0a 1.5 1
Acetamiprid + alpha-cypermethrin 1.7£0.1b 65.0 2 0.7£03b 96.6 3
Metarhizium anisopliae 43+03a 9.0 1 23.0+£52a 0.0 1
Diflubenzuron 47+09a 1.6 1 17.5+15a 9.3 1
Zeta-cypermethrin 0.0+0.0c 100.0 4 0.0+0.0b 100.0 4
Control 48+0.7a - - 193+2.0a - -

Mean + standard error (four replications) of parasitized eggs per female after 96 h (7. podisi) and 168 h (T. pretiosum) of parasitoids exposure to pesticide residues.

#Results by Kruskal-Wallis (H=21.2010; p-value = 0.0007), followed by the Dunn test (p < 0.05). * Results by Kruskal-Wallis (H=21.8216; p-value = 0.0006), followed
by the Dunn test (p < 0.05). # Results by Anova (F = 17.4249; p-value = < 0.0001), followed by the Scott-Knott test (p < 0.05). ** Results by Kruskal-Wallis (H =
17.5981; p-value = 0.0073), followed by the Dunn test (p < 0.05). "Parasitism reduction in comparison to the control treatment. " IOBC classes: 1 = harmless (<30 %);
2 =slightly harmful (30-79 %); 3 = moderately harmful (80-99 %); 4 = harmful (> 99 %). Means followed by the same letter, in the columns, do not differ significantly.
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be recommended for integrated pest management
programs.

In line with the results obtained in this study,
M. anisopliae was previously observed to be selective
to adults of T podisi, and did not affect their parasitism
and viability, even when the parasitoids were exposed
to direct contact with the fungus (Agiiero & Neves
2014). Amaro et al. (2015) assessed the toxicity
of entomopathogens on adults of 7. pretiosum and
found that biological insecticides with the basis
of B. bassiana and M. anisopliae do not reduce
parasitism and are classified as harmless, meaning
that they can be used safely in combination with the
parasitoid. In addition, there was no reduction in the
number of eggs parasitized by T. pretiosum, even in
sprays of entomopathogens in pre and post-parasitism
(Potrich et al. 2009).

Etofenprox and acetamiprid + alpha-
cypermethrin, however, were classified as slightly
harmful (class 2) to T. podisi, with number of eggs
parasitized per female of 1.8 and 1.7, representing
a parasitism reduction, in relation to the control,
of approximately 70 % (Table 2). On the other
hand, the remaining insecticides were more
harmful to 7. pretiosum. Acetamiprid + alpha-
cypermethrin was classified as moderately harmful
(class 3) and etofenprox as harmful (class 4),
with high reductions in parasitism of up to 100 %
(Table 2). Lambda-cyhalothrin reduced parasitism
of T. podisi and T. pretiosum by 97-100 %, while
lambda-cyhalothrin + thiamethoxam, fipronil
and zeta-cypermethrin reduced by 100 %, being
classified as harmful (class 4) to both parasitoids
(Table 2).

Neurotoxic insecticides, such as those
belonging to the Pyrethroids and Neonicotinoids
chemical groups, are generally classified as
less-selective compounds to the egg parasitoids
Telenomus spp. and Trichogramma spp. (Moura
et al. 2006, Giolo et al. 2007, Stefanello Junior et
al. 2008a, Preetha et al. 2009, Carmo et al. 2010,
Koppel et al. 2011, Goulart et al. 2012, Oliveira
et al. 2013). As reported by Stefanello Junior et al.
(2008a), this toxicity originates from the similarity
in the transmission mode of nerve impulses not only
between the different orders of insects, but also
between the various animal phyla.

There was no significant difference for the
number of eggs parasitized by females of 7. podisi
and 7. pretiosum between the herbicide treatments,
therefore, all products were classified as harmless
(class 1) (Table 3).

The results indicated that the herbicides had
little effect on 7. podisi and T. pretiosum populations.
This is highly relevant, given that weeds are the
main limiting factor for rice yield, and weed control
is generally performed using herbicides (Sosbai
2014). Low toxicity to egg parasitoids in different
developmental stages was also reported for herbicides
registered for soybean (Carmo et al. 2009, Magano
etal. 2013) and maize (Stefanello Junior et al. 2008b
and 2011).

Fungicides toxicity showed no significant
difference for the average number of eggs parasitized
by females of 7. podisi and were classified as
harmless to the parasitoid (Table 4). Fungicide sprays
inrice fields predominate in the late booting stage of
plants (Counce et al. 2000, Sosbai 2014), and the use

Table 3. Effect of herbicides used in irrigated rice crops on the mean number of parasitized eggs, parasitism reduction of Telenomus
podisi and Trichogramma pretiosum and selectivity classification (temperature: 25 + 1 °C; relative humidity: 70 + 10 %j;

photophase: 14 h).

Telenomus podisi Trichogramma pretiosum
Active ingredient Eggs/female Parasitism Class™" Eggs/female Parasitism Class
(X £ EP)! reduction (%)" (X+ EP) reduction (%)
2.4-D amine 5.1 4+ 0.4%ns 6.6 1 22.7 £ 1.2%%ns 7.0 1
Profoxydim 52+13 52 1 19.6 £3.6 19.6 1
Quinclorac 47+0.2 14.1 1 224+£2.6 8.3 1
Ethoxyssulfuron 43+04 21.0 1 23.5+5.7 3.6 1
Saflufenacil 44+0.9 19.9 1 19.0+2.38 22.0 1
Control 57+0.3 - - 24.4£0.92 - -

"Mean + standard error (four replications) of parasitized eggs per female after 96 h (7. podisi) and 168 h (T. pretiosum) of parasitoids exposure to pesticide residues.
* Results by Anova: F = 0.3967; p-value = 0.8446; ™ non-significant (p > 0.05). ** Results by Anova: F = 0.4420; p-value = 0.8118; ™ non-significant (p > 0.05).
'Parasitism reduction in comparison to the control treatment. "IOBC classes: 1 =harmless (<30 %); 2 = slightly harmful (30-79 %); 3 = moderately harmful (80-99 %);

4 = harmful (> 99 %).
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Table 4. Effect of fungicides used in irrigated rice crop on the mean number of parasitized eggs, parasitism reduction of Telenomus
podisi and Trichogramma pretiosum and selectivity classification (temperature: 25 + 1 °C; relative humidity: 70 + 10 %;

photophase: 14 h).

Telenomus podisi Trichogramma pretiosum
Active ingredient Eggs/female Parasitism Class™ Eggs/female Parasitism Class
(X + EP)! reduction (%)" (X + EP)! reduction (%)
Bioassay 1
Epoxiconazole + kresoxim-methyl 4.0 £ 0.4 9.4 1 20.0£2.1 b* 24.6 1
Thiophanate-methyl + mancozeb 3.7£0.2 15.3 1 74+£09d 72.3 2
Tetraconazole 51+0.7 0.0 1 54+09d 79.7 2
Trifloxystrobin + tebuconazole 49+0.3 0.0 1 141+£18¢ 47.0 2
Control 44+03 - 26.6+£2.0a - -
Bioassay 2
Picoxystrobin + cyproconazole 4.7 £ 0.5 13.4 1 0.5+0.3 d** 98.2 3
Tebuconazole 4.5+0.7 18.0 1 54+0.7bc 77.7 2
Trifloxystrobin + prothioconazole 45+03 17.0 1 1.0£0.3cd 96.0 3
Azoxistrobina + ciproconazol 4.7+0.8 15.0 1 17.0+2.8 ab 30.0 2
Control 5.47+0.39 - - 243+1.1a - -

"Mean + standard error (four replications) of parasitized eggs per female after 96 h (7. podisi) and 168 h (T pretiosum) of parasitoids exposure to pesticide residues.
#Results by Anova: F = 2.1349; p-value = 0.1267; ™ non-significant (p > 0.05). * Results by Anova (F = 29.5532; p-value = < 0.0001), followed by the Scott-Knott test
(p <0.05). #Results by Anova: F = 0.4993; p-value = 0.7367; ™ non-significant (p > 0.05). ** Results by Kruskal-Wallis (H = 17.2000; p-value = 0.0018), followed
by the Dunn test (p < 0.05). " Parasitism reduction in comparison to the control treatment. " IOBC classes: 1 = harmless (< 30 %); 2 = slightly harmful (30-79 %);
3 = moderately harmful (80-99 %); 4 = harmful (> 99 %). Means followed by the same letter, in the columns, do not differ significantly.

of selective compounds does not affect the potential
for natural parasitism of stinkbug eggs occurring after
this period in the crop (Riffel et al. 2010, Idalgo et
al. 2013). Other studies also describe the reduced
effect of the fungicides Triazole and Strobilurins on
adults, larvae and pupae of 7. remus, in soybean crops
(Carmo et al. 2009 and 2010).

Fungicides were more harmful to 7. pretiosum,
if compared to 7. podisi. Thiophanate-methyl +
mancozeb, tetraconazole, trifloxystrobin+tebuconazole,
tebuconazole and azoxystrobin + cyproconazole
were classified as slightly harmful (class 2)
(Table 4). Picoxystrobin + cyproconazole and
trifloxystrobin + prothioconazole, however, were
classified as moderately harmful (class 3). Only
epoxiconazole + kresoxim-methyl was harmless
(class 1) for both parasitoids. Magano et al. (2015)
obtained similar results with these compounds in a
study on the side effects of fungicides registered for
disease control on adults of 7. pretiosum, in soybean.

In general, adults of 7. podisi seem to be more
tolerant than adults of T_ pretiosum to the toxic effects
of insecticides, herbicides and fungicides (Tables 2,
3 and 4). Carmo et al. (2009) also observed this
difference, with 7. remus being more tolerant than
T. pretiosum, both in the egg and pupa phases.

It is important to consider that, based on the
methodology used in this study, the adults from the

egg parasitoids were subjected to the maximum
contact with pesticides, under laboratory conditions
and no-choice tests. Under field conditions, pesticide
effects may be minimized by their own degradation,
or even because parasitoids may escape to untreated
areas. Thus, additional tests under semi-field and/
or field conditions, with the pesticides classified as
moderately harmful (class 3) and harmful (class 4),
recommended by the IOBC (Hassan et al. 2000),
should be carried out for the completion of the side
effects classification.

Information obtained in this study constitutes
a pioneering and important step to choose pesticides
selective to egg parasitoids used for the integrated pest
management of lowland rice crops. In addition, this
information may be useful to integrate management
practices for the preservation of these natural enemies
in other crops also conducted in this agro-ecosystem,
such as soybean and maize.

CONCLUSIONS

1. The chemical insecticides chlorantraniliprole,
flubendiamide, diflubenzuron; biological
insecticides based on Beauveria bassiana and
Metarhizium anisopliae; herbicides 2.4-D amine,
profoxydim, quinclorac, ethoxysulfuron and
saflufenacil; and fungicide epoxiconazole +
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kresoxim-methyl are harmless to Telenomus
podisi and Trichogramma pretiosum, and are
therefore the most suitable for the integrated pest
management in flooded rice areas;

2. The insecticides lambda-cyhalothrin +
thiamethoxam, lambda-cyhalothrin, fipronil,
etofenprox, acetamiprid + alpha-cypermethrin
and zeta-cypermethrin, as well as the fungicides
picoxystrobin + cyproconazole and trifloxystrobin +
prothioconazole, are harmful to at least one of the
agents for biological control and are, therefore, not
recommended for the integrated pest management
in flooded rice areas;

3. T podisi has higher tolerance than 7. pretiosum to
pesticides used in flooded rice areas.
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