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Abstract

BACKGROUND: Investigating the impact of pesticides on non-target organisms is essential for sustainable integrated pest
management programs. We therefore assessed the toxicity of ten insecticides to the brassica caterpillar Ascia monuste and its
ant predator Solenopsis saevissima and examined the effect that the insecticide synergists had on toxicity to the predator. We
also assessed the residual period of control and impact of the insecticides during the brassica growing cycle.

RESULTS: All insecticides except flubendiamide exhibited mortality above the threshold required by Brazilian legislation (80%).
Chlorantraniliprole, cyantraniliprole, indoxacarb and spinosad exhibited lower toxicity to the ant predator than they did to
the brassica caterpillar. The results obtained for synergized insecticides suggest that selectivity to the predator was due
the involvement of cytochrome P450-dependent monooxygenases. Chlorfenapyr and cyantraniliprole exhibited the highest
residual periods of control to the brassica caterpillar, whereas malathion had the greatest impact on the predator.

CONCLUSION: Most of the insecticides efficiently controlled the brassica caterpillar, but not all exhibited selectivity to the
predator. Therefore, due to the distinctive responses of organisms with respect to residual periods of control and the impact
of the insecticides, spraying frequency must be strongly considered in integrated pest management programs.
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1 INTRODUCTION

In agricultural ecosystems, insecticides are the main mode of con-
trol of insect pests.! The insecticides that are used in pest man-
agement programs must be effective in controlling pests and have
a low impact on non-target organisms, such as natural enemies.
Determining the residual period of control for an insecticide is
essential to plan insect management strategies, which will influ-
ence the spraying frequency and, in turn, affect pest control costs.?
In addition to being efficient in controlling pests, each insecticide
must possess a different mechanism of action to avoid the pressure
of pest population selection for insecticide resistance.?

To study the effect of insecticides on natural enemies, it is impor-
tant to understand the selectivity of these insecticides toward
non-target organisms. The selectivity of insecticides toward nat-
ural enemies can be achieved in two ways: ecological selectivity

process involved in physiological selectivity, synergists may be
used.b Synergists are compounds that inhibit the main groups
of detoxifying enzymes in insects. For example, triphenyl phos-
phate is a synergistic inhibitor of esterases — enzymes that, in
insects, are responsible for processes involved in the central ner-
vous system,” sensory neurons,® reproductive behavior,® juvenile
hormone regulation' and degradation of insecticides.!’ Diethyl
malate, in turn, is an inhibitor of glutathione S-transferase, which
is a multifunctional enzyme that is involved in the detoxification
of several xenobiotic compounds including insecticides.'? Piper-
onyl butoxide acts as an inhibitor of cytochrome P450-dependent
monooxygenases — enzymes that not only metabolize insecti-
cides but also promote their bioactivation.'>

For cultivated plants, pests belonging to the order Lepidoptera
are one of the primary groups of pests. Pieridae, an important

and physiological selectivity.* Ecological selectivity includes the
application of insecticides in a manner that minimizes the expo-
sure of natural enemies to the insecticides. This selectivity can be
achieved by insecticide application in places or periods that mini-
mize its contact with natural enemies, whereas physiological selec-
tivity employs the use of insecticides that are more toxic to the pest
than they are to natural enemies.>®

The use of physiological selectivity on natural enemies requires
knowledge about the detoxification process of insecticides in
these organisms. Furthermore, to determine the detoxification

* Correspondence to: TA de Araujo, Departamento de Fitotecnia, Universi-
dade Federal de Vigosa, Av. PH Rolfs, s/n, 36570-900, Vicosa, MG, Brazil.
E-mail: tamirisaa@gmail.com

a Departamento de Fitotecnia, Universidade Federal de Vigosa, Vigosa, MG, Brazil

b Departamento de Entomologia, Universidade Federal de Vicosa, Vicosa, MG,
Brazil

c Centro de Ciéncias e Tecnologias Agropecudrias, Universidade Estadual do
Norte Fluminense Darcy Ribeiro, Campos dos Goytacazes, RJ, Brazil

Pest Manag Sci (2017)

WWW.S0Ci.org

© 2017 Society of Chemical Industry




@)
SCI

WWW.S0Ci.org

TA de Aratjo et al.

Table 1. Characteristics of insecticides used in this study

Chemical subgroup Rate Water solubility ~ Vapor pressure  Half-life on leaf
Insecticide or exemplifying active Manufacturer (mga.i.mL™") (mgL™") (mm Hg) (days)
Cartap 500 SP Nereistoxin analogs Iharabrés SA 0.60 200 000 7.7x1077 12
Cyantraniliprole 1000D  Diamides Du Pont do Brasil SA 0.50 14.20 <3.85x 107" 35
Chlorantraniliprole 100 SC  Diamides Du Pont do Brasil SA 0.015 1.00 12x 10714 210
Chlorfenapyr 240 SC Chlorfenapyr BASF SA 0.18 0.14 736x 1078 35
Deltamethrin 25 EC Pyrethroids Bayer SA 0.0075 0.0002 1.5%x 1078 11
Spinosad 480 SC Spinosyns Dow AgroSciences 0.432 235 24x10710 9
Flubendiamide 480 SC Diamides Bayer SA 0.0336 0.03 <7.5x1077 -
Indoxacarb 300 WG Indoxacarb Du Pont do Brasil SA 0.10 0.20 1.9% 10710 18
Malathion 1000 EC Organophosphates Cheminova SA 1.50 125 3.97x 107 4.5
Methomyl 215 SL Carbamates Du Pont do Brasil SA 0.215 54700 54x1076 1.1

a.i., active ingredient.

Information obtained from notes provided by manufacturers and governmental agencies.

family in this group, includes pest species occurring in Africa,
Europe, Asia and the Americas.' Some species in this family, such
as Ascia monuste (Godart), attack plants in the Brassicaceae family
in South, Central and North America.'® A. monuste attacks cabbage,
cauliflower, broccoli, Brussels sprout, kale and canola.'”” The larvae
of A. monuste defoliate the plants and may cause production
losses of up to 100%.'® Among the natural enemies of A. monuste
is the ant predator Solenopsis saevissima (Smith) (Hymenoptera:
Formicidae).'® These ants are predators of different species, mainly
lepidopterans, and prey on pupae and larvae of all instars.?° The
ants’ nidification occurs in soil, and their foraging activity occurs at
night because of the lower temperatures.®

Therefore, in this work, we aim to identify insecticides that can be
used in integrated management programs of A. monuste. The fol-
lowing parameters were determined: (i) the insecticides’ efficiency
in controlling A. monuste; (ii) the physiological selectivity of insec-
ticides to the predator S. saevissima; (iii) the toxicity of synergized
insecticides to S. saevissima; (iv) the insecticides’ residual period of
control of A. monuste; and (v) the insecticides’ impact on the preda-
tor as a function of time after spraying in the greenhouse.

2 MATERIAL AND METHODS

2.1 Plants

Cabbage plants of Sacaia hybrid were cultivated in a greenhouse in
5L plastic pots at the campus of the Universidade Federal de Vicosa
(UFV), Vicosa, MG, Brazil (20° 48’ 45" S, 42° 56" 15" W; 600 m alti-
tude; tropical climate). The plants were cultivated employing usual
cultural practices without the use of pesticides. All bioassays were
conducted in our laboratory, which was maintained at 25+ 1°C
with a relative humidity of 75 + 5% under a 12:12 h photoperiod.

2.2 Insects

The larvae (second instar) of A. monuste and adults of the ant
predator S. saevissima were used in the bioassays. The adults of the
ant predator were collected from nests at the UFV campus, and A.
monuste larvae were reared in a greenhouse at the same location.
Greenhouse colonies were established from A. monuste larvae that
were originally collected in commercial brassica crops in Vicosa
county. As adults, A. monuste were fed a diluted honey solution
in water (20% water). The oviposition of butterflies occurred in
cabbage plants, and the larvae were fed cabbage leaves.

2.3 Insecticides

The insecticides’ characteristics and recommended field rates
for use in bioassays are described in Table 1. The selected insec-
ticides belong to different chemical groups that are the most
popular for controlling caterpillars, and some are the newest
products available.?’ To the insecticide solution was added
1 mLL™" spreader-sticker nonylphenol polyethylene glycol ether
125 SC (Milenia Agro Ciéncias SA, Londrina, Brazil). In the bioassays
to determine the toxicity of synergized insecticides towards the
predator, water + spreader-sticker + synergist was used as the
control. In other bioassays, water + spreader-sticker was used as
the control.

2.4 Selection of insecticides that effectively control

A. monuste

The selection bioassay was performed in a completely random-
ized design with six replicates for each treatment (insecticides
at recommended field rates and the control) (Table 1). Each
replicate consisted of one plastic pot (250 mL) with ten larvae
(second instar) of A. monuste. First, cabbage leaf disks (diameter
7.5cm) were immersed for 5s in each treatment solution. The
disks were then allowed to dry in the shade for 2 h, and the dried
disks were subsequently placed in a plastic pot (250 mL). We
assessed the mortality of A. monuste after 48 h of exposure. The
insects were considered dead when they did not move when
touched with a paintbrush. For the next bioassay, we chose
the insecticides that caused >80% mortality of A. monuste. This
mortality threshold was used because, in Brazil, an insecticide is
considered efficient if it results in at least 80% mortality of the
pest.??

2.5 Physiological selectivity of insecticides to S. saevissima
The physiological selectivity bioassay was performed in a com-
pletely randomized design with six replicates for each treatment
(insecticides at recommended field rates and the control). Each
replicate consisted of one plastic pot (250 mL) containing ten
adults of S. saevissima and a cabbage leaf disk (diameter 7.5 cm)
treated as described above. To feed the ants, honey solution (1:1)
and pure water were provided in plastic containers (1.5 cm diam-
eter X 1.0 cm height) inside each pot. We assessed the mortality of
S. saevissima after 48 h of exposure.
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2.6 Insecticide synergist bioassay

These treatments consisted of insecticides that showed physio-
logical selectivity to the predator S. saevissima in the previous
bioassay. The treatments included insecticides and the insecti-
cide + synergist combination as well as the control. The bioassay
was performed with the following synergists: piperonyl butoxide,
diethyl maleate and triphenyl phosphate (all from Sigma-Aldrich
Brasil Ltda, Sdo Paulo, Brazil). The insecticides were applied to
leaf disks as described in the previous bioassay. The foliar disks
were immersed for 5 in each treatment solution and allowed to
dry in the shade for 2 h. Then, the synergist solution (10% syn-
ergist and 90% acetone) was applied to cabbage leaf disks con-
taining dried insecticide residue by spraying the solution. The
solution was sprayed at 1.03 bar pressure (Burkard®, Potter spray
tower — manual load, BS00282) with a synergist concentration
of 1.5mgmL~".2® This concentration of synergist, which did not
cause the mortality of the predator, was determined in the pre-
vious bioassay. Then, one leaf disk and ten adults of S. saevissima
were placed in the plastic pot (250 mL). We assessed the mortality
to S. saevissima after 48 h of exposure.

2.7 Residual period of control of A. monuste and impact of
insecticides on the predator S. saevissima as a function of
time after spraying in the greenhouse

This bioassay was carried out at the UFV campus from Novem-
ber 2014 to January 2015. Cabbage plants were cultivated
in 5L plastic pots employing usual cultural practices. The
insecticide treatments for A. monuste were cartap, chlorantranilip-
role, chlorfenapyr, cyantraniliprole, deltamethrin, indoxacarb,
malathion, methomyl and spinosad, as well as the control
(water + spreader-sticker). The insecticide treatments for
S. saevissima that did not show physiological selectivity to the
predator were cartap, chlorfenapyr, deltamethrin, malathion and
methomyl, and the control (water + spreader-sticker). In this
bioassay, 50 cabbage plants were used, and the plants were 30
days old after transplanting (15 leaves per plant) at the beginning
of the bioassay. The experimental design consisted of randomized
blocks with five replications, and each replicate consisted of one
plant. For insecticide application, a CO,-pressurized backpack
sprayer, at 3.1 bar pressure, a flow rate of 240 Lha~", and using a
tip-type MGA 8002 (Magnojet, Commercial Industry of Agricul-
tural Products LTDA, Parana-PR, Brazil), was used. The plants were
sprayed according to the treatments (insecticides and control)
and were then allowed to dry in the shade for 2h and kept in
a greenhouse. The new leaves that grew were not sprayed or
used in the bioassays. During the experimental period inside the
greenhouse, the temperature was 30.79 +£0.61 °C, with a relative
humidity of 55.94 + 1.46%, a photoperiod of 13:11 h and insolation
of 943.53 kJm~2,

The larvae (second instar) of A. monuste and adults of the ant
predator S. saevissima were placed in contact with cabbage leaf
disks (7.5 cm) that were sprayed with insecticides or control on
days 0, 3,5,8, 11, 16, 19, 22, 31, 43 and 60. The leaves from the
sprayed plants were collected randomly on these days and placed
in a plastic pot (250 mL). Each plastic pot contained one cabbage
leaf disk and ten individuals (A. monuste or S. saevissima). To feed
the ants, honey and water in proportions of 1:1 and pure water
were supplied in plastic containers (1.5 cm diameter X 1.0 cm high)
inside each pot. The bioassays were conducted in our laboratory;
the conditions were 25+ 1 °C, relative humidity of 75+ 5% and
a 12:12 h photoperiod. We assessed insect mortality after 48 h of
exposure.

2.8 Statistical analyses

The insect mortalities caused by insecticides were corrected in
relation to the mortalities caused by the control using the formula
of Abbott.?* The mortality data of A. monuste from the selection
bioassay were assessed through an analysis of variance and Tukey'’s
honestly significant difference (HSD) test (P < 0.05).%

The mortality of pest and predator determined in the insecti-
cide selection and physiological selectivity bioassays, respectively,
were analyzed using Student’s t-test (P < 0.05). We considered the
insecticides that showed physiological selectivity to the preda-
tor to be those that caused higher mortality to the pest than
to the predator.?® The mortalities from insecticides and insec-
ticide + synergist combinations were analyzed using Student’s
t-test (P < 0.05).%

The corrected mortalities of each insect as a function of time
after each insecticide spraying were submitted to regression
analysis (P <0.05). The regression model used was the logistic
dose-response curve (parameters a, b, ¢ and d) represented by
the equation Y =a+b [1 + (X/c)¥ 17", where Y = mortality (%) and
X =time (days) after spraying.?® The residual period of control was
defined as duration after spraying that the pesticide caused a pest
mortality of >80%. This mortality threshold was used because, in
Brazil, an insecticide is considered efficient if it results in at least
80% mortality of the pest.?? For the predator, a period in which
the mortality was greater than or equal to 80% was considered
a period of high impact on the predator. However, a period in
which the mortality was less than 30% was considered the period
of low impact on the predator. According to the IOBC (Interna-
tional Organization for Biological Control), harmful activity to nat-
ural enemies can be categorized as high impact (mortality > 80%)
or low impact (mortality < 30%).23 Correlation analyses (P < 0.05)
were conducted between the characteristics of the insecticides
(Table 1) and the residual period of control of the pest for each
insecticide.

3 RESULTS

3.1 Efficiency of insecticidal control of A. monuste

We found significant differences in the mortality of A. monuste
with respect to the insecticide used (Fy 5, =31.42, P <0.0001).
The insecticides cartap, chlorfenapyr, deltamethrin, indoxacarb,
malathion, methomyl and spinosad were the most toxic to
A. monuste (100% mortality), followed by chlorantraniliprole
and cyantraniliprole, which caused larval mortality of 81.20%
and 86.32%, respectively. However, flubendiamide caused only
51.76% mortality, thus demonstrating a toxicity below the abso-
lute threshold of 80% mortality required by Brazilian legislation
(Fig. 1).

3.2 Physiological selectivity of insecticides to the predator
S. saevissima
The exposure of predator S. saevissima to the insecticide treat-
ments under investigation led to significantly different mortali-
ties (Fg 5 =227.47,P < 0.0001). Cartap, chlorfenapyr, deltamethrin,
malathion and methomyl exhibited higher toxicity to S. saevis-
sima, resulting in 100% mortality. In contrast, chlorantraniliprole,
cyantraniliprole, indoxacarb and spinosad were less toxic, resulting
in mortality ranging from nearly zero to 13.12% (Fig. 1).

The insecticides chlorantraniliprole (t,,=44.91, P <0.001),
cyantraniliprole (t,,=7.71, P<0.001), indoxacarb (t;,=264.20,
P <0.001) and spinosad (t;,=30.98, P<0.001) caused greater
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Figure 1. Mortality (mean + standard error) of Ascia monuste larvae and of Solenopsis saevissima adults exposed to the recommended field rate of
insecticides. Histogram bars with the same lower-case letter do not differ significantly by Tukey’s honestly significant difference test (P < 0.05). Histogram
bars with an asterisk indicate that the mortality caused by the same insecticide is significantly higher for A. monuste than for S. saevissima by Student’s

t-test at P < 0.05.

mortality to A. monuste than to the predator S. saevissima. There-
fore, these insecticides showed physiological selectivity in favor
of the predator. In contrast, cartap, chlorfenapyr, deltamethrin,
malathion and methomyl showed no physiological selectivity
because they caused similar mortalities to both species (Fig. 1).

The synergized insecticides had no antagonistic effect on
the toxicity to the predator for all insecticides tested. No effect
was verified for chlorantraniliprole and cyantraniliprole, but for
indoxacarb and spinosad the addition of synergists led to syner-
gism, increasing the mortalities. Piperonyl butoxide significantly
increased the mortality of S. saevissima caused by indoxacarb
(t,p =264.20, P < 0.001) and spinosad (t,, = 18.72, P < 0.001). The
synergist piperonyl butoxide led to the greatest increase in mor-
tality when it was added to indoxacarb, from nearly zero to 100%.
Diethyl maleate significantly increased the mortality caused by
spinosad (t;, = 12.53, P < 0.001) from 13% to 85%. Triphenyl phos-
phate significantly increased the mortality caused by indoxacarb
(t,o =3.25, P=0.009) from nearly zero to 30% (Fig. 2).

3.3 Residual period of control of A. monuste and impact of
insecticide on the predator S. saevissima as a function of time
after spraying in greenhouse

Regression models (P<0.05) describing the mortalities of
A. monuste and S. saevissima as functions of time after appli-
cation of insecticides to cabbage plants were obtained (Figs 3 and
4). The mortalities caused by chlorfenapyr and cyantraniliprole
to A. monuste did not vary over a 60-day period. In contrast, the
mortalities caused by cartap, chlorantraniliprole, deltamethrin,
indoxacarb, malathion, methomyl and spinosad to A. monuste
under the same conditions decreased over time. Although these
insecticides all decreased the mortality over the time, different
patterns of this mortality decrease can be observed when we con-
sider the residual period of control of each insecticide (mortality
caused > 80%).

[Cinsecticide =l Insecticide + Piperonyl butoxide
[Z)insecticide + Triphenyl phosphate []] Insecticide + Diethyl maleate

100 A *
75 A
g
=
£
£ 50 |
=
25 4
0 @ O
(]
] Q.‘é‘ _ {55‘» >
S & &
6% ‘60 =)
éra? &
& o

Figure 2. Mortality (mean =+ standard error) of adults of Solenopsis sae-
vissima exposed to selected insecticides with and without the synergists
diethyl maleate, triphenyl phosphate, and piperonyl butoxide. Histogram
bars with an asterisk are significantly different from treatments using only
the insecticide (without a synergist) by Student’s t-test at P < 0.05.

After 3 days of spraying, malathion and methomyl showed the
lowest residual period of control of A. monuste (i.e., after 3 days
they caused mortality lower than 80%). However, the other treat-
ments continued to cause high mortalities to A. monuste (>80%) at
3 days after spraying. Cartap and deltamethrin displayed a resid-
ual period of control of 16 days, followed by the insecticides chlo-
rantraniliprole and indoxacarb (22 days) and spinosad (31 days).
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Mortality (%)

Time after spraying (days)

Figure 3. Mortality curves (mean + confidence interval) of larvae of Ascia monuste as a function of time after spraying nine insecticides.

Therefore, most of the treatments did not show efficient control of
A. monuste (mortality > 80%) throughout the experimental period.
The residual period of control of A. monuste was positively corre-
lated with the half-lives of the insecticides on the leaves (r =0.65,
t=2.27,P=0.029) (Fig. 3 and Table 1).

There was no loss of mortality caused by the insecticide
malathion to the predator S. saevissima during a 60-day period
(Fig. 4). However, under the same conditions, insecticide-induced
mortality of S. saevissima decreased over time for cartap, chlorfe-
napyr, deltamethrin and methomyl. Methomyl greatly impacted
the predator (mortality > 80%) only on the first day after spraying,
and it had a lower impact (mortality < 30%) 3 days after spraying.
Deltamethrin was highly toxic to S. saevissima up to 3 days after
spraying, but we observed a low impact starting at 5 days after
spraying this same insecticide. Chlorfenapyr had a high impact
on the predator for up to 11 days after spraying, whereas toxicity
declined to <20%, 31 days after spraying. After malathion, cartap
had the greatest impact on the predator for the longest period of
time. For 22 days, it showed high toxicity to the predator, which
slowly declined to zero in the 60th day after spraying (Fig. 4).

4 DISCUSSION

The insecticides cartap, chlorantraniliprole, chlorfenapyr,
cyantraniliprole, deltamethrin, indoxacarb, malathion, methomyl
and spinosad exhibited high toxicities to A. monuste, resulting
in larval mortalities greater than the minimum efficacy thresh-
old required by Brazilian legislation (80% mortality). This result
indicates that these products may be used to control A. monuste.
Despite the high toxicity exhibited, these products must be used in
active principle rotation to control A. monuste and prevent this pest
population from selecting for resistance to these insecticides.?’”
For example, chlorantraniliprole and cyantraniliprole (diamides)
should not be applied consecutively in rotation because they
have the same active principle that acts in the modulation of
ryanodine receptors.2® Similarly, malathion (organophosphate)
and methomyl (carbamate) act primarily to inhibit the enzyme
esterase acetylcholinesterase (AChE) and thus should not be used
subsequently in rotation. Thus rotating products with different
active principles promotes an adequate pest management and
can avoid problems such as a failure of pest control due to the
emergence of insect resistance.?’-?°
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Figure 4. Mortality curves (mean + confidence interval) of adults of Solenopsis saevissima as a function of time after spraying the five insecticides that did

not show physiological selectivity.

Although the insecticides cartap, chlorfenapyr, deltamethrin,
malathion and methomyl were effective at controlling A. monuste,
none showed physiological selectivity in favor of the predator.
Therefore, the use of these insecticides must be based on the
principles of ecological selectivity. The principles of ecological
selectivity include adopting approaches in which the exposure
of natural enemies to the insecticide is minimized.? This can be
achieved by applying the insecticide to a specific location on
the plant where the pest attack occurs and/or at a time of low
incidence of natural enemies (e.g., day or night).% For instance,
the soil is the foraging site for the ant S. saevissima; there-
fore, when controlling A. monuste, the insecticide should not be
applied in soil, and the spraying must use the smallest possi-
ble volume of solution to prevent the insecticide from reach-
ing the soil.2° Moreover, the insecticide should not be sprayed
at night because the predatory activity of ants is higher in this
period.'®30

The insecticides cyantraniliprole, chlorantraniliprole, spinosad
and indoxacarb showed physiological selectivity to S. saevissima
because they exhibited lower toxicity to the predator (mortal-
ity <13%). The use of insecticides with physiological selectivity
to natural enemies is recommended in integrated pest man-
agement programs because, in addition to controlling the pest,
these insecticides preserve the biological control agents.?3! The

selectivity of the insecticides chlorantraniliprole and cyantranilip-
role has also been reported for other natural enemies.®3? These
insecticides, which belong to the group of diamides, are known
for their affinity to ryanodine receptors of lepidopterans such as
A. monuste and are thus considered safe products for non-target
organisms.%% Likewise, a variety of beneficial insects have been
observed to which the insecticide spinosad exhibits selectivity,
most of which are predators.3%33 Indoxacarb is a pro-insecticide,
which contributes it to being considered a safe and selective prod-
uct. Its decarbomethoxylated metabolite is a voltage-dependent
blocker of sodium channels. The selectivity of indoxacarb may be
related to the low bioactivation of esterases and/or transferases,
which may be observed in some parasitoids, bugs, chrysopids and
coccinellids.5-343>

The synergism obtained with piperonyl butoxide suggests
the involvement of the enzyme cytochrome P450-dependent
monooxygenase in the detoxification process of the insecticides
indoxacarb and spinosad. The addition of the synergist piperonyl
butoxide (an inhibitor of cytochrome P450-dependent monooxy-
genases) to these insecticides caused an increase in mortality of
the predator, thus indicating the relevant role of this enzyme in
the detoxification of xenobiotics in this species. The importance
of this enzyme for the metabolization and bioactivation of insec-
ticides has been reported for a variety of arthropod species, such
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as bugs, bees, caterpillars and parasitoids, and may be the case for
ant5.6’14’36

Our results also provide support for the idea that esterases
and glutathione S-transferases are involved in the detoxification
process of xenobiotics in the predator’s body. The significant
increase in predator mortality upon exposure to indoxacarb in
combination with the synergist triphenyl phosphate (an esterase
inhibitor) suggests that carboxylesterase is involved in this pro-
cess, although this enzyme is also related to the bioactivation of
indoxacarb through hydrolysis.® This dual function of esterases in
both processes has been reported, thus supporting the findings
of this study.3”-38 Similarly, inhibition of the enzyme glutathione
S-transferases by diethyl maleate synergist promoted a synergistic
effect when it was applied with spinosad, suggesting the involve-
ment of this enzyme in the detoxification process of xenobiotics.

However, the synergists had little to no effect on the toxic-
ity of insecticides chlorantraniliprole and cyantraniliprole because
their addition resulted in neither synergism nor antagonism.
Therefore, the enzymes cytochrome P450-dependent monooxy-
genases, esterases and glutathione S-transferases are not involved
in the detoxification process of these products in S. saevissima,
which indicates that the cause of selectivity of these insecticides is
likely due to their affinity for Lepidoptera ryanodine receptors.®8

The residual effect of an insecticide is related to many factors,
such as its degradation rate over time.?® This fact was confirmed
in this study when we observed a positive correlation between
the residual period of control of A. monuste and the half-life of
products on the leaves. Moreover, the different residual periods
of control of A. monuste among the insecticides have implications
for integrated management programs of this pest. For malathion
and methomyl, which showed the lowest residual period of con-
trol, a higher spraying frequency is recommended, in contrast
to spinosad and, in particular, chlorfenapyr and cyantraniliprole,
which had the highest residual periods of control. A spraying fre-
quency between these extremes is recommended for cartap, chlo-
rantraniliprole, deltamethrin and indoxacarb. It has been reported
that high spray frequencies of pesticides are related to a higher
incidence of pest resistance to pesticides, higher production costs
and occupational health problems among farmers.224%41 Thus
knowing the period of residual control for the products used in
pest control is essential and can contribute to pest management
in an economically, socially and environmentally correct way while
avoiding unnecessary pesticide applications.*?

Over the 60 days, not all of the insecticides had an impact on
the predator. Methomyl and deltamethrin, despite not showing
physiological selectivity, no longer impacted the predator after 10
days. In contrast, malathion had an impact throughout the 60-day
period. The use of the insecticide malathion should therefore be
avoided because it did not display physiological selectivity and
greatly impacted the predator after spraying. Replacing malathion
with insecticides that had lower impacts on the predator or with
insecticides such as cyantraniliprole or chlorantraniliprole, which
show more favorable environmental safety profiles, should be
considered.

5 CONCLUSIONS

We evaluated the toxicity of the ten insecticides on A. monuste
and its predator. The results support the use of novel insecticides
chlorantraniliprole, cyantraniliprole, indoxacarb and spinosad. In
addition to being efficient to the pest, these novel insecticides

exhibited physiological selectivity to the predator. If cyantranilip-
role is adopted in a management program, its spraying frequency
must be lower than that of the other insecticides, which can lead
to cost savings. In contrast, the results obtained for malathion, an
older insecticide, support its replacement with other insecticides
due its lower residual period of pest control and its greater impact
on the predator.
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