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Wheat production is dependent on costly insecticides that generate social and environmental issues.
The growing demand for a rate reduction of spray applications and increased spray efficiency make
essential the research for more adequate crop management. Therefore, this study aimed to evaluate
technologies of imidacloprid application on wheat aphid, Schizaphis graminum and its natural enemies,
Chrysoperla externa and Orius insidiosus. A set of experiments were performed to evaluate the
effectiveness of S. graminum control and the toxicity to natural enemies using imidacloprid plus
adjuvants sprayed with different nozzles and application rates. Improved S. graminum control was
observed in the association between the adjuvant lauryl ether sodium sulfate and the hollow cone
nozzle for both application rates (75 and 150 L ha™), and the adjuvant copolymer of polyester + silicone
+ d-limonene with the asymmetric twin flat-fan nozzle at a low rate (75 L ha'l), since these treatments
eliminate the wheat aphid after the fifth day of treatment application. The reduction of spray volume to
wheat aphid control is possible with no loss of insecticide effectiveness. Imidacloprid associated with
any one of the adjuvants tested is harmful to C. externa and O. insidiosus, even at the fifth day after
application the insecticide continues being harmful to the natural enemies, regardless of the
technology used.

Key words: Triticum aestivum, Schizaphis graminum, ecological disturbance, insecticide impacts, natural
control, neonicotinoid.
INTRODUCTION

The productivity of wheat, Triticum aestivum L. is strongly aphids (Hemiptera: Aphididae) are an important pest
influenced by the attack of insect pests. Among them, the problem to the cultivation of winter cereals (Salvadori and
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Salles, 2002). The ability of these insects to cause
damage is high due to the elevated biotic potential and
toxicity of the substances injected into the plant tissue
during the feeding process. In intense aphid attacks
during the emergency of the wheat tillering, in general,
causes plant death (Gassen, 1984; Salvadori and Tonet,
2001).

The chemical control is predominantly used in the
management of aphids as the green aphid of cereals, or
wheat aphid (Schizaphis graminum Rondani, 1852),
which can cause up to 50% of direct (sap suction) and
indirect (fungal growth on honeydew) vyield losses
(Kindler et al., 2002; Van-Emden and Harrington, 2007;
Royer et al., 2015). This aphid is widely distributed in the
wheat production regions of the world (Blackman and
Eastop, 2000). Thus, wheat production is very dependent
on the use of insecticides, which increases production
costs and generates several social and environmental
problems (Salvadori, 1999). Chemical control of this
insect pest is recommended when 10% of plants are
infested during the vegetative phase or when it exceeds
ten aphids per spike, until the mass phase of the wheat
grain (Silva et al., 1996).

According to Mohammed et al. (2018), the
neonicotinoid insecticide imidacloprid [1-(6-chloro-3-
pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine] is still
effective in suppressing cereal aphid populations in
wheat fields throughout the growing season; however,
the negative impact of this insecticide on the biological
control services and pollinators needs to be considered
with caution (Whitehorn et al.,, 2012; Dicks, 2013;
Gibbons et al., 2015; Kang et al., 2018; Lamsa et al.,
2018). Although imidacloprid has been banned in several
regions (Valavanidis, 2018; Fijian Government, 2019), it
has still been largely used in many countries, highlighting
the importance of the studies for more appropriate
managements and technologies of this insecticide.

For many years of the modern age, little attention was
devoted to the sustainability of agriculture, but concerning
is rising (Singh and Singh, 2017; Zhang et al., 2017). The
growing demands by eco-friendly farming press to
decrease the application rates, to reduce the costs and to
increase the efficiency of the activities. These demands
turn essential the knowledge of the application of crop
inputs and parameters that ensure the products will reach
the target efficiently, minimizing losses and leading to
more sustainable agriculture (Matuo et al., 1989; Ali et
al., 2018).

The determination of the most appropriated
parameters, such as the application rate and the size of
the droplets, is directly related to the quality of the spray
application (Matthews et al., 2014). The definition of the
spray application rate depends mainly on the type of the
target to be reached, the required coverage, the way the
pesticide acts and the application technique. The
application rate also influences the operational efficiency
of the application process because the time used to
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sprayer reload activities significantly changes the
operational capacity of the sprayers (Antuniassi, 2014).
However, the reduction of the application rate requires
an enhancement of the application technology regularly
used in the field. Thus, there is an increasing need for
studies that allow the use of efficient nozzles and
appropriate rates (Silva, 1999a). Additionally, beyond the
operational gains, it is important to study the possible
impacts generated by new technology and procedures on
the population of beneficial insects as the natural
enemies (predators) of wheat pests. Therefore, the
objectives of this study were to evaluate different
technologies for applying the imidacloprid insecticide on
the wheat crop concerning the chemical control of S.
graminum and the impacts of these application
technologies on natural enemies present in the area.

MATERIALS AND METHODS
Site study

The experiment was conducted in duplicate, Field-1 and Field-2,
installed simultaneously; both had irrigation systems via a central
pivot and were installed in areas of wheat seed production (wheat
cultivar BRS 404). The fields were distant 500 m from each other
and located in Maringa Farm, Araguari County, Minas Gerais State,
Brazil (18°34'00.23"S; 48°13'03.9"W).

Sowing of wheat crop and cultural practices

The wheat sowing was done in the no-tillage system in April 2016 in
Field-1 and Field-2, respectively. The spacing used was 17 cm
between rows, with a density of 350 plants m?2. The cropping
management followed the indications of the ‘Recommendations of
the  South-Brazilian = Commission of Wheat Research’
(Recomendacdes da Comissdo Sul-Brasileira de Pesquisa de
Trigo, 2000) regarding fertilization, weed control and disease
management.

Use of spray nozzles

The spray nozzles (MagnoJet, Brazil) for insecticide treatments
application were: (1) MGA 015, hollow cone jet, with 90° angulation
and 0.56 L min™ nominal flow; (2) MGA 03, hollow cone jet, with 90°
angulation and 1.13 L min® nominal flow; and (3) AS 7030,
asymmetric twin flat fan, with 110° angulation and 0.75 L min™
nominal flow.

Use of adjuvants

The adjuvants used were: lauryl ether sodium sulfate (LESS) -
Mirus 400Si® (Superagro, Brazil), concentration of 0.6 mL L7,
characteristics: anti-evaporation, acidifier, anti-drift and adjuvant
anti-foaming (adjuvant 01); and copolymer of polyester, silicone and
d-limonene (CPSDL) - Orlist 900Li® (Superagro, Brazil),
concentration of 1.33 mL L™, characteristics: spreader, moisturizing,
compatibilizer and penetrating adjuvant (adjuvant 02). The spray
solutions were prepared in the sprayer tank, adding first the
adjuvants in the concentration recommended by the manufacturer,
together with the imidacloprid insecticide - 200 g ha™ of the active
ingredient.
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Treatments and conditions of application

Both experiments were carried out in the strip-plot scheme, with 8
treatments: (1) control (no product application); (2) nozzle AS 7030,
75 L ha?, no adjuvant (T.1); (3) nozzle MGA 015, 75 L ha™, no
adjuvant (T.2); (4) nozzle MGA 015, 75 L ha™ + adjuvant 01 (T.3);
(5) nozzle AS 7030, 75 L ha™ + adjuvant 01 (T.4); (6) nozzle AS
7030, 75 L ha™ + adjuvant 02 (T.5); (7) nozzle MGA 030, 150 L ha’
! no adjuvant (T.6); and, (8) nozzle MGA 03, 150 L ha™ + adjuvant
01 (T.7), each were repeated thrice. The plots had 740 m long and
27 m wide. The usable area assessed corresponded to 1,800 m?,
discarding 10 m at the beginning and the end of the plot and 1 m on
each side.

The spray applications occurred when S. graminum reached 10%
of plant infestation, according to the ‘Recommendations of the
South-Brazilian Commission of Wheat Research’ (Recomendaces
da Comisséo Sul-Brasileira de Pesquisa de Trigo, 2000) and to
Cunha et al. (2016). A self-propelled sprayer (Case® Patriot 250
model) was used with 27 m length and nozzles were spaced by 0.5
m. The working speed established was 16 km h™ (4.44 m s™) for all
treatments.

The environmental conditions during the applications were
monitored using a thermo-higro-digital anemometer (SKTHAL-01,
Skill-Tec, Brazil). During the applications in Field-1, the weather
conditions presented a minimum temperature of 25.4°C and a
maximum of 29.5°C, relative humidity between 48 and 51%, and
wind speeds between 5.8 and 7.9 km h™. In Field-2, the weather
conditions presented a minimum temperature of 30.7°C and a
maximum of 32.4°C, relative humidity between 43 and 45%, and
wind speeds between 0.8 and 5.2 km h™.

Insect evaluations

The evaluation of the effectiveness of the spray treatments in the
control of S. graminum was performed by counting (surveys) of the
alive adult insects, before and after each application, using a
clashing cloth with 1 m wide by 1 m length. Similarly, the population
of Chrysoperla externa (Hagen, 1861) and Orius insidiosus (Say,
1832) (two important natural enemies of aphids that belong to the
orders Neuroptera and Hemiptera, respectively) was evaluated
(Parra et al., 2002).

A prior evaluation was performed on the same day of the
application of the treatments and, subsequently, other surveys were
carried out at 3, 5, 7 and 10 days after the application of the
treatments. The percentage of effectiveness of the treatments was
calculated by the formula of Henderson and Tilton (1955):

T, t
E=1— [(—bx —E‘)]x 100
Ta tb

where E: Efficacy (%); Tb: number of live insects in the control
treatment before application; Ta: number of live insects in the
control treatment after application; ta: number of live insects in the
treatment after application; tb: number of live insects in the
treatment before application. The values obtained during the
evaluations, after conversion to the percentage of effectiveness,
were classified as low efficacy (lower than 80%), good efficacy
(from 80 to 90%), and high efficacy (greater than 90%).

The evaluations of the effects of different application
technologies on the population density of natural enemies were
carried out with the treatments classified in classes of toxicity.
According to the International Organization for Biological and
Integrated Control (IOBC) (Hassan and Degrande, 1996; Veire et
al., 2002), the classes are: class 1- innocuous (<30%), class 2-
slightly harmful (30sT<80%), class 3- moderately harmful
(80<T<99%), and class 4- harmful (>99% of mortality); these

classes are a function of the average number of adults found in the
areas after 3, 5, 7 and 10 days of the spray treatment application.
The percentage of toxicity (T) was calculated by the formula
proposed by Henderson and Tilton (1955).

Statistical analysis

The results were submitted for the analyses of normality of residue
distribution by the test of Kolmogorov-Smirnov and to the
homogeneity of variances by the test of Levene (both at 0.01
significance level) before the analysis of variance (0.05 significance
level). Student's t-test differentiated the averages of the treatments
for each day of the evaluation for independent samples (0.05
significance level).

RESULTS AND DISCUSSION
Evaluation of the control of wheat aphid

The association between the adjuvant 01 and the hollow
cone nozzle, for both application rates, and the adjuvant
02 with the asymmetric twin flat fan nozzle (75 L ha'l)
improved efficiency in the control of the wheat aphid
(Table 1).

The improvement of the control of the S. graminum in
these treatments can be explained, mainly by the use of
adjuvants, which can modify the spray properties and
improve the quality of the droplets increasing the spray
spread and adhesion on the leaf surface (Kissmann,
1998; Hilz and Vermeer, 2013; Preftakes et al., 2019).
Such characteristics may accelerate the absorption of the
phytosanitary product, reducing its exposure to
degradation/loss factors, such as solar radiation,
temperature, and rain. Those characteristics help
achieved good efficiency of the insecticide even after five
days of spraying, where good control performance on the
S. graminum was still observed (Cunha and Alves, 2009;
Preftakes et al., 2019).

Table 2 shows the effectiveness of control of S.
graminum at 3, 5, 7 and 10 days after the application of
the insecticide. At 3 days after spray application, it could
be noted that there was a difference in the S. graminum
population among the nozzle, adjuvants and application
rates. According to the classification proposed by
Henderson and Tilton (1955), the treatments that showed
high efficiency (> 90%) during the evaluation period were
those that contained adjuvants, with emphasis to the
associations between the adjuvant 01 and the hollow
cone nozzle, both application rates (75 and 150 L ha™)
and the adjuvant 02 with the asymmetric twin flat fan
nozzle, at the rate of 75 L ha™.

Therefore, better control of the S. graminum was
observed in the associations between the adjuvant LESS
and the hollow cone nozzle for both application rates (75
and 150 L ha‘l), and the adjuvant CPSDL with the
asymmetric twin flat fan nozzle for 75 L ha™ indicating
that the reduction of spray volume in the imidacloprid
application to S. graminum control is possible with no
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Table 1. Effect of application technology on the population density of Schizaphis graminum at 3, 5, 7 and 10 days after application (DAA) of
imidacloprid, associated or not with adjuvants and types of the nozzle in two wheat fields, in the 2015/2016 harvest season.

Average number of adults®

Treatment Before application 3 DAA 5 DAA 7 DAA 10 DAA

Fd-1 Fd-2 Fd-1 Fd-2 Fd-1 Fd-2 Fd-1 Fd-2 Fd-1 Fd-2
T1 5.2+1.9% 6.2+4.1% 2.4+0.9% 2.6+1.1°  1.4+05° 1.2+1.3° 0.6+0.9° 0.4+0.9° 1.8+0.8° 2.2+0.8°
T.2 5.0+3.5° 6.0+4.1° 2.2+41.9% 2.0+2.1°  1.2+1.1° 1.2+1.3° 0.4+0.9° 0° 1.840.8° 2.0+0.7°
T.3 5.8+4.3* 6.8+2.2° 1.6+1.5° 0.6£0.9°  0.6+0.9° 0° 0° 0° 0° 0°
T.4 5.4+4.4° 6.4+3.9° 2.0+2.1% 2.0£1.0°  1.0£1.0° 0.6+0.9° 0.442.2° 0° 1.4+1.3° 1.2+0.8°
T5 6.0+2.8% 7.0+3.6° 1.840.8° 0.6+0.9°  0.8+0.4" 0.2+0.4° 0° 0° 0° 0°
T.6 5.6+2.1* 6.6+6.0° 1.8+1.5° 1.4+1.9°  0.8+0.4"° 0.6+0.5" 0.240.4° 0.2+0.4° 1.6+1.1° 1.4+0.5°
T.7 6.2+4.5% 7.245.4% 1.8+1.3° 0.6£0.9°  0.610.9" 0° 0° 0° 0° 0°
Control 4.8+2.2" 584507 5.0+2.2% 7.4+2.3% 6.0+1.9* 8.2+3.0° 8.2+2.5% 7.2+1.6° 9.2+1.5* 10.2+1.6°

!Averages followed by standard deviation. Averages followed by different letters, in column, differ among treatments by Student's t test (p < 0.05). T.1
= nozzle AS 7030, 75 L ha™, no adjuvant; T.2 = nozzle MGA 015, 75 L ha™, no adjuvant; T.3 = nozzle MGA 015, 75 L ha™, adjuvant 01; T.4 = nozzle
AS 7030, 75 L ha™, adjuvant 01; T.5 = nozzle AS 7030, 75 L ha™, adjuvant 02; T.6 = nozzle MGA 030, 150 L ha™, no adjuvant; T.7 = nozzle MGA 03,
150 L ha™, adjuvant 01. Adjuvant 01: lauryl ether sodium sulfate (LESS). Adjuvant 02: copolymer of polyester, silicone and d-limonene (CPSDL). Fd-1
= Field-1; Fd-2 = Field-2.

Table 2. Efficacy of control of Schizaphis graminum at 3, 5, 7 and 10 days after application (DAA) of imidacloprid,

associated or not with adjuvants and types of the nozzle in two wheat fields, in the 2015/2016 harvest season.

Percentage of control®

Treatment 3 DAA 5 DAA 7 DAA 10 DAA
Fd-1 Fd-2 Fd-1 Fd-2 Fd-1 Fd-2 Fd-1 Fd-2
T.1 55.69 67.13 78.46 86.31 93.25 94.80 81.94 79.82
T.2 57.76 73.87 80.80 85.85 95.32 100 81.22 81.05
T.3 73.52 93.08 91.72 100 100 100 100 100
T.4 64.44 75.51 85.18 93.36 97.83 100 86.47 89.34
T.5 71.20 93.28 89.33 97.97 100 100 100 100
T.6 69.14 83.37 88.57 93.57 95.82 97.56 85.09 87.94
T.7 72.13 93.47 92.25 100 100 100 100 100

"Low efficacy = lower than 80%; good efficacy = from 80% to 90%; high efficacy = higher than 90%. T.1 = nozzle AS 7030, 75 L ha’
! no adjuvant; T.2 = nozzle MGA 015, 75 L ha™, no adjuvant; T.3 = nozzle MGA 015, 75 L ha™, adjuvant 01; T.4 = nozzle AS 7030,
75 L ha™, adjuvant 01; T.5 = nozzle AS 7030, 75 L ha™, adjuvant 02; T.6 = nozzle MGA 030, 150 L ha™, no adjuvant; T.7 = nozzle
MGA 03, 150 L ha™, adjuvant 01. Adjuvant 01: lauryl ether sodium sulfate (LESS). Adjuvant 02: copolymer of polyester, silicone

and d-limonene (CPSDL). Fd-1 = Field-1; Fd-2 = Field-2.

loss of effectiveness, but the presence of the adjuvant is
important to assist this control.

Silva (1999b) studied the efficiency of insecticides
without adjuvants on S. graminum in corn after applying
with spray volumes of 150 or 300 L ha™, concluded that
the largest volume was the most indicated for the efficient
control of this pest. The author explains that, when using
a hollow cone nozzle, the insecticides are less efficient
than the applications with a flat fan nozzle. It is possible
that these differences, in the case of the maize crop, are
related to the great distance between the point of jet
projection and the target, and that fine droplets (hollow
cone) are more sensitive to change the trajectory.

Similarly, Cunha et al. (2006) attest that fine droplets

are ideal, because, for the same spray volume, droplets
of smaller diameter are better distributed on the leaf
surface, and provide better coverage of the target and
greater penetration into the plant canopy improving the
control efficiency. However, as mentioned, very fine
droplets are more prone to drift or evaporate and very
coarse droplets have problems due to their tendency of
outflow and less canopy coverage.

In most cases, there was no difference between the
spray volumes tested, analyzing each nozzle and
adjuvant in particular. This lack of differences indicates
that it is possible to reduce the spray volume of the
application without loss of efficiency of the imidacloprid
insecticide. It is also important to highlight that the use of
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Table 3. Toxicity of spray treatments on Chrysoperla externa at 3, 5, 7 and 10 days after application (DAA) of imidacloprid,
associated or not with adjuvants and types of the nozzle in two wheat fields, in the 2015/2016 harvest season.

Percentage of '[oxicity1

Treatment 3 DAA 5 DAA 7 DAA 10 DAA Class?
Fd-1 Fd-2 Fd-1 Fd-2 Fd-1 Fd-2 Fd-1 Fd-2
T.1 62.5 76.2 100 100 100 100 100 100 4
T.2 25.0 64.3 100 100 100 100 100 100 4
T.3 100 100 100 100 100 100 100 100 4
T.4 100 100 100 100 100 100 100 100 4
T.5 100 100 100 100 100 100 100 100 4
T.6 62.5 64.3 100 100 100 100 100 100 4
T.7 100 100 100 100 100 100 100 100 4

!Low efficacy = lower than 80%; good efficacy = from 80% to 90%; high efficacy = higher than 90%. Class of toxicity from the fifth day
after application of the spray treatments: class 1 = innocuous (T<30%), class 2 = slightly harmful (30%=<T<80%), class 3 = moderately
harmful (80%<T<99%) and class 4 = harmful (T>99%) (VEIRE et al., 2002). T.1 = nozzle AS 7030, 75 L ha™, no adjuvant; T.2 = nozzle
MGA 015, 75 L ha™, no adjuvant; T.3 = nozzle MGA 015, 75 L ha™, adjuvant 01; T.4 = nozzle AS 7030, 75 L ha®, adjuvant 01; T.5 =
nozzle AS 7030, 75 L ha™, adjuvant 02; T.6 = nozzle MGA 030, 150 L ha™, no adjuvant; T.7 = nozzle MGA 03, 150 L ha™, adjuvant 01.
Adjuvant 01: lauryl ether sodium sulfate (LESS). Adjuvant 02: copolymer of polyester, silicone and d-limonene (CPSDL). Fd-1 = Field-1;

Fd-2 = Field-2.

adjuvants improved the quality of the application and
maintain a good level of control, even with spray volume
reduction (Preftakes et al., 2019).

These results corroborate with those found by Ferrari et
al. (2014), who studied the insecticide to control bedbugs
on soybean. They observed that the use of adjuvant
resulted in the maintenance of the efficiency of control in
a terrestrial application with a reduced rate (50 L ha™). To
proceed with the reduction in the spray volume, it is very
important to make the correct adjustment of the pressure
and choice the nozzle that ensure good deposition on
plant leaves, as well as consider environmental factors to
reduce losses by drift (action of the wind) or drop
extinction (evaporation) due to wrong height of the
application boom, to low humidity and/or to high air
temperature.

Toxic effects on natural enemies

The presence of two natural enemies, C. externa and O.
insidiosus, was observed before the application of the
treatments, and the percentage of toxicity was
determined with the observation of natural enemies after
the application of the treatments.

C. externa

The treatments with the presence of adjuvants, soon after
3 days from application, showed high toxicity to C.
externa. In this way, according to the classification of the
IOBC, the insecticide imidacloprid proved to be harmful to
this species even 5 days after the insecticide application
(Table 3), independent of the application technology

employed, which compromised the ability of predation of
the wheat aphid. The quantities of C. externa found in all
treatments are presented in Table 4.

In a similar study, it was demonstrated that some
neonicotinoids may have a greater capacity to penetrate
the cuticle of insects, therefore being more toxic
(Tomizawa and Casida, 2005). This fact can affect the
development of organisms, as well as compromising the
reproduction of subsequent generations, which can be
considered as a sublethal effect. Carvalho et al. (2010)
obtained results that corroborate those presented in this
study, observing differences between the treatments in
relation to the survival probability of C. externa where
imidacloprid resulted in the survival of only 22.7%, which
suggests high toxicity of this product to adults of this
species. Similar results were obtained by Bueno and
Freitas (2003), which found that imidacloprid caused
100% mortality of the first instar larvae of C. externa.

Rocha (2008) studied the selectivity of imidacloprid (0.7
g L* of ai) and thiamethoxam (0.5 g L™ of a.i.) at
different stages of the biological cycle of C. externa,
collected in coffee plantation, reported that these
compounds caused 100% mortality of larvae of second
instar nymphs and adults, making it impossible to carry
out assessments of the fertility and viability of eggs. The
author also noted that thiamethoxam, imidacloprid,
mineral oil, endosulfan, and dimethoate, when applied
directly on pupae of C. externa, did not affect its cycle,
with an average duration of this stage varying from 10.3
to 10.9 days.

The effect on the mortality of predators observed in
treatments with imidacloprid may be related to the
neurotoxic action, even in low doses (Ware and Whitacre,
2004; Lamsa et al., 2018). These compounds can affect
various groups of insects, including natural enemies,
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Table 4. Effect of application technology on the population density of Chrysoperla externa at 3, 5, 7 and 10 days after application
(DAA) of imidacloprid, associated or not with adjuvants and types of the nozzle in two wheat fields, in the 2015/2016 harvest season.

Average number of adults®

Treatment Before application 3 DAA 5 DAA 7 DAA 10 DAA
Fd-1 Fd-2 Fd-1 Fd-2 Fd-1  Fd-2 Fd-1  Fd-2 Fd-1  Fd-2

T1 0.4+0.5%*  0.6+0.9° 0.2+0.4% 0.2+0.4° o° 0° 0° o° o° o°
T.2 0.2+0.4*  0.4+0.5% 0.2+0.4° 0.2+0.4% o° 0° 0° o° o° o°
T.3 0.4+0.5%  0.4+0.5° 0° 0° o° o° o° o° o° o°
T.4 0.4+0.5%  0.2+0.4° 0° 0° o° 0° o° o° o° o°
T5 0.240.4*  0.6+0.9° 0° 0° o° o° o° o° o° o°
T.6 0.4+0.5°  0.4+0.5% 0.2+0.4° 0.2+0.4% o° o° o° o° o° o°
T.7 0.4+0.5°  0.6+0.9% 0° 0° 0° 0° o° o° o° o°
Control 0.6+0.5"%  1.0+0.7° 0.8+1.1* 1.4+0.5° 1.6+1.8%2.2+41.3%° 2.0+1.9%3.0+0.7° 2.8+1.6% 3.6+0.5°

'Averages followed by standard deviation. *Averages followed by different letters, in column, differ among treatments by Student's t test (p <
0.05). T.1 = nozzle AS 7030, 75 L ha™, no adjuvant; T.2 = nozzle MGA 015, 75 L ha™, no adjuvant; T.3 = nozzle MGA 015, 75 L ha™, adjuvant
01; T.4 = nozzle AS 7030, 75 L ha™, adjuvant 01; T.5 = nozzle AS 7030, 75 L ha™, adjuvant 02; T.6 = nozzle MGA 030, 150 L ha™, no
adjuvant; T.7 = nozzle MGA 03, 150 L ha™, adjuvant 01. Adjuvant 01: lauryl ether sodium sulfate (LESS). Adjuvant 02: copolymer of polyester,

silicone and d-limonene (CPSDL). Fd-1 = Field-1; Fd-2 = Field-2.

Table 5. Toxicity of spray treatments on Orius insidiosus at 3, 5, 7 and 10 days after application (DAA) of imidacloprid, associated
or not with adjuvants and types of nozzle in two wheat fields, in the 2015/2016 harvest season.

Percentage of toxicity - (T%)"

Treatment 3 DAA 5 DAA

7 DAA 10 DAA

2
Fd-1 Fd-2 Fd-1  Fd-2 Fd-1  Fd-2 Fd-1 Fdo s
T1 50.0  40.00 100 100 100 100 100 100 4
T2 66.7  40.00 100 100 100 100 100 100 4
T3 100 100 100 100 100 100 100 100 4
T4 100 100 100 100 100 100 100 100 4
T5 100 100 100 100 100 100 100 100 4
T6 500  70.00 100 100 100 100 100 100 4
1.7 100 100 100 100 100 100 100 100 4

! ow efficacy = lower than 80%; good efficacy = from 80% to 90%:; high efficacy = higher than 90%. 2Class of toxicity from the fifth day after
application of the spray treatments: class 1 = innocuous (T<30%), class 2 = slightly harmful (30%<T<80%), class 3 = moderately harmful
(80%=T<99%) and class 4 = harmful (T>99%) (VEIRE et al., 2002). T.1 = nozzle AS 7030, 75 L ha™, no adjuvant; T.2 = nozzle MGA 015,
75 L ha™, no adjuvant; T.3 = nozzle MGA 015, 75 L ha™, adjuvant 01; T.4 = nozzle AS 7030, 75 L ha™, adjuvant 01; T.5 = nozzle AS 7030,
75 L ha, adjuvant 02; T.6 = nozzle MGA 030, 150 L ha™, no adjuvant; T.7 = nozzle MGA 03, 150 L ha™, adjuvant 01. Adjuvant 01: lauryl
ether sodium sulfate (LESS). Adjuvant 02: copolymer of polyester, silicone and d-limonene (CPSDL). Fd-1 = Field-1; Fd-2 = Field-2.

significantly reducing insect survival
Ruberson, 2004; Wood and Goulson, 2017).

(Torres and

O. insidiosus

The data presented in Tables 5 and 6 relate to the toxicity
and survival of O. insidiosus, and resemble those found
for C. externa. Again, the treatments with the presence of
adjuvants, soon after 3 days from application, showed
high toxicity to O. insidiosus. The insecticide imidacloprid
demonstrated, once again, to be toxic to natural enemies
studied even 5 days after the insecticide application,
regardless of the technology used, impairing their ability

to predation of aphids. The quantities of O. insidiosus
found in all treatments are presented in Table 6.

These results confirm those obtained by other
researchers with other species of the genus Orius.
Delbeke et al. (1997) verified under laboratory conditions,
that the 5th instar nymphs of Orius laevigatus (Fieber,
1860) (Hemiptera: Anthocoridae), in contact with residues
of the insecticide imidacloprid (0.04 mg a.i. L™) presented
50% of mortality. The high toxicity of insecticides was
also observed by Morais et al. (2003), who reported that
abamectin, fenpropathrin, and imidacloprid did not allow
the survival of adults of O. insidiosus. On the other hand,
cartap and cyromazine did not affect insect survival
significantly. Although such products have been classified
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Table 6. Effect of application technology on the population density of Orius insidiosus at 3, 5, 7 and 10 days after application (DAA) of
imidacloprid, associated or not with adjuvants and types of the nozzle in two wheat fields, in the 2015/16 harvest season.

Average number of adults®

Treatment Before application 03 DAA 05 DAA 07 DAA 10 DAA
Fd-1 Fd-2 Fd-1 Fd-2 Fd-1 Fd-2 Fd-1  Fd-2 Fd-1  Fd-2

T1 0.2+0.4*°  0.2+0.4° 0.2+0.4°  0.2+0.4° 0° o° o° o° o° o°
T.2 0.6+1.3% 0.2+0.4° 0.4+0.9% 0.2+0.4° 0° o° o° o° o° o°
T3 0.2+0.4%  0.2+0.4° 0° 0° o° o° o° o° o° o°
T.4 0.2+0.4*°  0.2+0.4° 0.240.4° 0° 0° o° o° o° o° o°
T5 0.2+0.4* 0.2+0.4% 0° 0° 0° o° o° o° o° o°
T.6 0.2+0.4%>  0.4+0.9% 0.240.4°  0.2+0.4° o° o° o° o° o° o°
T.7 0.4+0.5°  0.2+0.4° 0° 0° 0° 0° o° o° o° o°
Control 0.2+0.4"  0.6+0.9° 0.4+0.9* 1.0+1.0° 1.2+0.8% 1.2+0.8° 1.6+0.9% 1.6+0.9° 1.2+0.8* 1.4+0.9%

'Averages followed by standard deviation. *Averages followed by different letters, in column, differ among treatments by Student's t test (p < 0.05).
T.1 = nozzle AS 7030, 75 L ha™, no adjuvant; T.2 = nozzle MGA 015, 75 L ha, no adjuvant; T.3 = nozzle MGA 015, 75 L ha*, adjuvant 01; T.4 =
nozzle AS 7030, 75 L ha™, adjuvant 01; T.5 = nozzle AS 7030, 75 L ha, adjuvant 02; T.6 = nozzle MGA 030, 150 L ha™, no adjuvant; T.7 = nozzle
MGA 03, 150 L ha™, adjuvant 01. Adjuvant 01: lauryl ether sodium sulfate (LESS). Adjuvant 02: copolymer of polyester, silicone and d-limonene

(CPSDL). Fd-1 = Field-1; Fd-2 = Field-2.

in class 4 (harmful), it was possible to observe that
abamectin caused a delayed effect, in comparison to the
insecticides fenpropathrin and imidacloprid, while the first
killed 36.7% of the population was evaluated until 30
days after treatment, the other two caused in the same
period, 100% mortality.

Similar results were obtained by Lee et al. (1997) with
fenpropathrin, which was sprayed on adults of Orius
sauteri (Poppius, 1909) (Hemiptera: Anthocoridae) and
found no survivors. The harmful effects of imidacloprid
were also similar to those observed by Shipp et al.
(1992), by confined adults of O. insidiosus in cages with
leaves of cucumber previously treated and no survivors
were identified.

The results found here with imidacloprid approached
those found by Elzen (2001), who provided eggs of
Helicoverpa zea (Boddie, 1850) (Lepidoptera: Noctuidae)
previously treated with this insecticide to males and
females of O. insidiosus, and observed a reduction in the
survival of this predator, averaging 52.2 and 37.3%
reduction, respectively. Nemoto (1995) aimed at the
control of pests of eggplant in field conditions, found that
throughout five sprayings of imidacloprid, there was a
significant reduction in the density of O. sauteri and Orius
minutus (L., 1758) (Hemiptera: Anthocoridae).

It has been observed, again, that the treatments with
adjuvant caused higher toxicity to the natural enemy
found in this study. According to Cunha and Alves (2009),
the adjuvants, when used properly, can improve the
interaction of the insecticide with water and fix some of
their characteristics, with positive impacts on the
efficiency of insect control targets and not targets (e.g.
bees, spiders, and natural enemies).

The adjuvant 2 presents, in its composition the
essential oil D-limonene, a terpene monocyclic substance
that presents activity against insects, mites, and

microorganisms (Hollingsworth, 2005; Hikal et al., 2017).
The interest in the use of monoterpenes to control pests
is based on the need for insecticides that are less harmful
to the environment and which do not have negative
impacts on human health, when compared with
conventional chemical treatments, with low toxicity to
humans, has important commercial appeal and has been
appointed as an alternative to synthetic insecticides
(Ibrahim et al., 2001; Regnault-Roger et al., 2012).

Therefore, imidacloprid associated with any of the
adjuvants tested is harmful to the natural enemies: C.
externa and O. insidiosus, even on the fifth day after
application, regardless of the technology employed. It is
necessary to find other combinations of insecticides and
adjuvants to control the S. graminum without
compromising the natural enemies.

Imidacloprid constitutes an example of a product from
the new generation of insecticides belonging to the group
of neonicotinoids, which are compounds that act as
agonists of nicotinic receptors of acetylcholine (Ware and
Whitacre, 2004; Regnault-Roger et al., 2012) and feature
high toxicity to insects and selectivity to man. In the
present study, this effect was evident in all treatments,
also demonstrating its detrimental effect on natural
enemies of the S. graminum, C. externa and O.
insidiosus under field conditions. Thus, more studies are
necessary to find other options of chemical control,
including the adjuvants, to control the S. graminum
without compromising the natural enemies that are very
important to the integrated pest management.

Conclusion

Improved S. graminum control was observed in the
association between the adjuvant lauryl ether sodium



sulfate and the hollow cone nozzle for both application
rates (75 and 150 L ha'l) and between the adjuvant
copolymer  of  polyester+silicone+d-limonene  and
asymmetric twin flat nozzle at low spray rate (75 L ha'l).

The reduction of insecticide spray volume to S.
graminum control is possible with no loss of
effectiveness, improving the efficiency of the process of
insecticide application.

The application of this insecticide associated with any
one of the adjuvants tested is harmful to C. externa and
O. insidiosus, even on the fifth day after imidacloprid
application regardless of the technology employed.
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