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ABSTRACT

The control of Alphitobius diaperinus is based mainly on chemical
insecticides, and the indiscriminate and incorrect use of these products
has led to failures in insect control. Thus, it is important to monitor
the efficiency of the products available on the market and to develop
alternative insect control strategies. The present study evaluated the
effect of a new product (cypermethrin-6%) under laboratory and
field conditions and assessed its in-vitro compatibility with the fungus
Beauveria bassiana (Unioeste 4 isolate). Its efficiency in dry powder
and wettable powder formulations was also assessed in the laboratory
through comparison with a similar insecticide (cypermethrin-5%) at
five different concentrations. The field assays were conducted in two
commercial broiler breeder houses (Treated and Control), applying
the new product on the litter at the manufacturer’s recommended
concentration (RC). Germination, vegetative growth, conidial
production, number of colony forming units (CFUs) and insecticidal
activity of the fungus were used to evaluate the compatibility of
the insecticide. The effects of the cypermethrin-6% product and
cypermethrin-5% were equivalent in the laboratory, and the new
product exhibited better performance at lower concentrations
(YaRC, %RC). The strategy applied in the field reduced the insect
population in up to 96% after 75 days. Additionally, all concentrations
of cypermethrin-6% were compatible with the fungus under the
evaluated in-vitro conditions. Therefore, the new product is considered
selective for B. bassiana. Further studies are necessary to assess its
compatibility under field conditions, consolidating this strategy as a
viable alternative for managing this pest.

INTRODUCTION

The lesser mealworm, Alphitobius diaperinus Panzer (Coleoptera:
Tenebrionidae), is a secondary pest of stored grains. The introduction
of A. diaperinus in poultry houses most likely occur through feed, and
it quickly adapted to this environment due to the abundance of shelter
and food (Pacheco & Paula, 1995; Lopes et al., 2006).

When A. diaperinus is present in poultry houses, the birds feed on the
larvae and adults and thus cease to consume a balanced diet, reducing
feed efficiency (Chernaki-Leffer et al., 2001; Japp et al., 2010). The
occurrence of A. diaperinus is also detrimental for the health status of
rearing facilities, as it is a vector of viruses, bacteria, fungi, protozoa and
helminths that cause significant diseases in poultry (Chernaki-Leffer et
al., 2002; Bates et al., 2004; Segabinazi et al., 2005; Hazeleger et al.,
2008; Agabou & Alloui, 2010; Chernaki-Leffer et al., 2010; Alborzi &
Rahbar, 2012; Crippen et al., 2012), including salmonellosis, a disease
of great importance, especially in broiler-breeder production.

371



Oliveira DGP, Cardoso RR,
Mamprim AP, Angeli LF

A. diaperinus has a high reproduction rate and
feeds on poultry feed, droppings and dead birds when
it becomes established in poultry houses. The adults
display cryptic habits, making pest control difficult and
causing economic losses to poultry farmers (Silva et al.,
2001, 2005; Bicho et al., 2005; Lopes et al., 2007).

Management practices, such as reducing the
number of flocks of chickens reared on reused poultry
litter, paving floors with concrete or cement, and using
good management practices (GMP) are recommended
for reducing A. diaperinus populations (Bellaver et al.,
2003; Avila et al., 2007; Silva et al., 2007). However,
some of these management practices are time-
consuming, requiring poultry houses to remain empty
for an extended period of time, and compromising the
annual farm revenues.

The application of pyrethroid and organophosphate
insecticides is the most common control practice for
managing A. diaperinus adopted by the poultry
industry worldwide (Lambkin, 2005; Alves et al.,
2010). This type of chemical control is often preventive
(Oliveira et al., 2014) and it is performed during the
short time interval between the removal of one flock
of chickens and the introduction of another. Chemical
control is the most cost-effective strategy for poultry
producers in the short term.

In addition to applying chemical insecticides at the
correct concentration as part of an adequate control
strategy, studies evaluating the efficiency of the prod-
ucts and formulations used directly inside poultry hous-
es are also fundamental for insect control (Salin et al.,
2003; Lambkin, 2005; Santos et al., 2009; Mustac et
al., 2013), as application failures may occur, leading to
unsuccessful control. Furthermore, prolonged use of a
same insecticide at dosages exceeding the recommend-
ed values has resulted in the selection of resistant insects
(Japp et al., 2010 Chernaki-Leffer et al., 2011).

The fungus Beauveria bassiana (Bals.) Vuill.
(Ascomycota: Cordycipitaceae) is an alternative
strategy for the control of the lesser mealworm. This
entomopathogenic fungus occurs naturally in poultry
houses (Steinkraus et al., 1991; Alves et al., 2005) and
presents great potential for pest control (Oliveira et al.,
2014). Moreover, this fungus has been shown to be
effective both under laboratory conditions (Alexandre
etal., 2006; Rohde et al., 2006; Alves et al., 2008) and
in field assays (Alves et al., in press).

Lesser mealworm populations are difficult to con-
trol in poultry houses. Therefore, the combined use of
chemical and biological insecticides may be adopted as
part of a pest management program and it is a poten-
tially viable strategy. According to Wolf et al. (2015), the
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combined use of different methods for the control of
A. diaperinus populations can provide benefits, such as
allowing reduced use of chemical insecticides, conse-
guently reducing their detrimental effects on the envi-
ronment, and on human and animal health.

However, some chemical insecticides may affect the
biological parameters of entomopathogenic fungi(e.g.,
their viability, vegetative growth, and conidiogenesis)
and change their genetic composition, consequently
reducing their virulence and infection capacity (Alves
etal., 1998a).

This study aimed at evaluating the effect of a new
cypermethrin-6%-based insecticide recommended for
the control of the lesser mealworm under both field
and laboratory conditions and to determine its in-vitro
compatibility with the B. bassiana Unioeste 4 isolate.
The efficacy of the insecticide in dry powder and
wettable powder formulations was also assessed in the
laboratory by comparing it with a similar insecticide
(cypermethrin-5%) at five different concentrations.

MATERIALS AND METHODS

LABORATORY ASSAYS

Contact activity of cypermethrin-based
insecticides against Alphitobius diaperinus

Tested insects. The insecticidal activity of the
products was evaluated through direct contact using
lesser mealworm adults collected from a commercial
poultry farm located in Cascavel, State of Parang,
Brazil. In total, 250 insects per treatment, with five
replicates each, were used (Alves et al., 2010).

Tested products. The cypermethrin-based products
were Agnis® WP (wettable powder) (active ingredient
60 g/kg) (Dominus Quimica Ltda., Jandaia do Sul, State
of Parana, Brazil), Agnis® DP (dry powder) (a.i. 60 g/kg)
(Dominus Quimica Ltda.), and Vetancid® DP (a.i. 50 g/
kg) (Vetanco do Brasil Ltda., Chapeco, State of Santa
Catarina, Brazil). According to the manufacturers, all
products include citronella oil for its repellent effect.

Bioassay. Groups of insects (replicates) were kept
in plastic containers (152 cm?), and the products
were applied. Each product was evaluated at five
concentrations: the recommended concentration
(RC) and double (2RC), half (*2RC), one-fourth (V4RC)
and one-eighth (4RC) of the RC. The concentration
recommended by the manufacturers was standardized
for an area of 500 m? regardless of the formulation,
corresponding to 3 g of the product per m?, as follows:
RC = 45.6 mg of product/replicate; 2RC = 91.2 mg;
Y2RC = 22.8 mg; aRC = 11.4 mg; ¥%RC = 5.7 mg.
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The products in powder form (DP) were directly
sprinkled in the plastic containers, while the wettable
powder product was prepared in water, standardizing
the aforementioned amounts to a final volume of 1
mL, which was sprayed onto the insects in a Potter
Spray Tower (Burkard Manufacturing Co. Ltd.). Thirty
minutes after application, insects were transferred to
Petri dishes containing poultry feed and incubated in
a climate chamber (26+1°C; 14-hour photoperiod).
Mortality was evaluated 10 days after treatment.

Compatibility tests (B. bassiana Unioeste 4 isolate
x WP cypermethrin-6% product)

Fungal isolate. The B. bassiana Unioeste 4 isolate
of the entomopathogenic fungi collection of the
Laboratory of Agricultural Biotechnology of the State
University of West Parana (Unioeste) was used because
it exhibits a high virulence against both larval and adult
lesser mealworms (Rohde et al., 2006). The fungus
was grown in sporulation medium (SM) (20 g agar, 5 g
yeast extract, 4.6 g salt mixture, 10 g glucose and 1000
mL distilled water) (Alves et al., 1998b) and incubated
for seven days at 26+2°C under a 12 h photoperiod
until conidiogenesis, and stored at -10 °C.

Evaluated fungal parameters: The effects
of the product WP cypermethrin-6% (at RC, 2RC,
and %2RC) on the Unioeste 4 isolate were evaluated
by classifying its toxicity according to Rossi-Zalaf
et al. (2008). Four replicates per treatment were
used in all tests. The toxicity index was calculated
using the parameters viability (conidial germination),
colony diameter (vegetative growth), and conidial

47[VG]+43[SP]+10[GER]
100

= toxicity index; GER (viability) = conidial germination
percentage after 16 h; VG = colony vegetative growth
percentage after seven days relative to the control,
and SP = colony conidial production after seven days
compared with the control. The values of GER, VG and
SP were previously corrected relative to the respective
control treatments (fungal isolate without insecticide).
Tl values were classified as toxic (0 to 41), moderately
toxic (42 to 66) or compatible (above 66).

The effects of the WP cypermethrin-6% product
on the number of colony forming units (CFUs) and on
the insecticidal activity of the fungal isolate were also
evaluated.

Germination (GER). A 300-pL volume of a conidial
suspension (1x10° conidia/mL) was inoculated in the
center of a RODAC plate containing 5 mL of potato
dextrose agar (PDA) medium plus antibiotic (Oliveira,

production. Tl= , where TI
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2009). A 250-pL volume of the product was pulverized
using a manual airbrush-type atomizer on the plates,
which were then incubated for 16 h at 26+2°C under
a 12 h photoperiod. The numbers of germinated and
non-germinated conidia were counted under an optical
microscope. Approximately 200 conidia per plate were
recorded.

Vegetative growth (VG). The fungus was
inoculated at three points on the surface of PDA culture
medium in Petri dishes and then incubated at 26+2°C
under a 12 h photoperiod for 48 hours. The chemical
insecticide was subsequently sprayed on the plates as
previously described. The plates were incubated under
the same conditions for 7 days. The mean diameter
of the colonies was obtained from two measurements
using a pachymeter.

Production of conidia (SP). Two colonies from
each plate from the vegetative growth assay were
individually cut from the medium and transferred to
sterile glass tubes with 10 mL of Tween 80 solution
(0.01%), followed by stirring until conidial detachment.
The conidia were counted in a Neubauer chamber after
serial dilutions.

Colony forming units (CFU). A total of 100 pL of
the suspension (1x 103 conidia/mL) was inoculated and
spread on Petri dishes containing PDA culture medium.
The insecticide was sprayed immediately after, as
previously described. The plates were incubated for 5
days at 26x2°C under a 12 h photoperiod. Colonies
were subsequently counted.

Fungal insecticide activity. In order to evaluate
the effect of the chemical insecticide on the insecticidal
activity of the fungus B. bassiana Unioeste 4, the isolate
was inoculated into plates containing sporulation
medium. After 48 hours, 1 mL of the product at each
concentration was sprayed on the culture medium
as previously described. The plates were incubated
for seven days at 26+2°C under a 12 h photoperiod.
The conidia were sampled by scraping the surface of
the culture medium and transferred to glass tubes.
Suspensions were prepared at a concentration of
1x10° conidia/mL, and adult insects were immersed
in 1 mL of the suspension for 10 seconds, following
Rohde et al. (2006). Five replicates with 50 insects
were performed (250 insects per treatment).

FIELD ASSAY

Control of A. diaperinus with cypermethrin-
based insecticide

Poultry house description. The study was
conducted in two commercial broiler-breeder houses
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(Control and Treated) located in Cascavel, State of
Parana, Brazil, managed under a ‘dark house’ system.
Both poultry houses had concrete floors, central
extractor hoods, automated trough feeders and
environmental-control systems, and the poultry litter
consisted of wood shavings. Each poultry house had
an area of 2800 m2 (14 m width x 200 m length),
and housed approximately 22,400 birds for six-month
periods.

Insecticide treatment. The commercial product
(DP cypermethrin-6%) was applied on the poultry
litter using a motorized atomizer at 3 g/m?, totaling
8.4 kg of product per treatment. Reapplications
were performed at 30 and 60 days after the initial
treatment. The control poultry house did not receive
any insecticide application.

Insect sampling. The lesser mealworm populations
were evaluated prior to application and 15 days after
each insecticide application (15, 45 and 75 days after
the beginning of the experiment). Twelve points
were determined along the poultry house, following
Godinho & Alves (2009). At each point, sub-samples
consisting of 300 mL of poultry litter were collected
along the low walls, pillars and feeders at each site to
count live insects (larvae and adults). Each point was
considered a replicate and consisted of a set of the
three sub-samples.

Statistical Analyses

Data were tested for normality using the Shapiro-
Wilk test. Laboratory data were submitted to analysis
of variance (ANOVA), and means were compared by
Tukey’s test, with p<0.05 being considered significant.
The analyses were conducted using the software
Sisvar (Ferreira, 2011). When necessary, the average
percentages were transformed by arcseny/x /100 .

Mean insect populations in the four evaluations
performed in the same poultry house were compared
using the Wilcoxon test (p<0.05). The Mann-Whitney
test (p<0.05) was employed to compare the evaluated
poultry houses (insecticide-treated and control) using
the software Bioestat version 5.3 (Ayres & Ayres, 2007).

RESULTS

Contact activity of cypermethrin-based
insecticides at different concentrations

The cypermethrin-6% (both formulations) and
DP cypermethrin-5% products exhibited equivalent
efficiencies. ~ However,  cypermethrin-6%  was
significantly (F = 346.55; C.V. = 3.1%) more efficient
at lower concentrations than DP cypermethrin-5%,
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when the doses of ¥4RC were compared with %RC and
“%RC with ¥RC, respectively (Table 1).

The DP cypermethrin-5% product showed a similar
efficiency at 2RC, RC and %:RC, but mortality was
reduced at ¥aRC (92.4% mortality) and “RC (66.8%
mortality) (Table 1).

The efficacy of the cypermethrin-6% product in
the DP formulation was similar among the different
concentrations studied, and the maximal effect on
insect mortality was observed even at a concentration
eight times lower than that recommended by the
manufacturer. Only the lowest concentration of
cypermethrin-6% in the WP formulation (%RC)
presented inferior results, causing 92.4% insect
mortality, whereas the other concentrations resulted in
100% insect mortality. The results obtained at %RC
for cypermethrin-6% was not significantly different
between the DP and WP formulations (Table 1).

Table 1 - Mortality (%) of adult lesser mealworms
(Alphitobius diaperinus) 10 days after the application of
cypermethrin-based chemical insecticides under laboratory
conditions (26x2°C; 14 h photoperiod).

Product Concentration” % Mortality
Control - 8.8+ 1.50d
2RC 100.0 + 0.00 a
o Pomder RC 99.6 + 0.40 a
(nyperr‘;vethrm_?)% ) V2RC 98.8+0.49a
e 92.41.17b
%RC 66.8 +3.93
2RC 100.0 £ 0.00 a
o Powd RC 100.0 + 0.00 a
(c;};)e(r)r\rgvetirrinﬁ% ) Aile 100.0 £ 0.00 a
14RC 100.0 £ 0.00 a
%RC 96.4 + 1.47 ab
2RC 100.0 £ 0.00 a
Wettable Powder RC 100.0 +0.00 a
(C;pearmzthfm_;% | 12RC 100.00.00 a
14RC 100.0 0.00 a
%RC 92.4+1.94b
CV (%) 3.1

Means (+ SEM) followed by the same letter were not different by Tukey's test (p<0.05).
Cypermethrin-5% dry powder = Vetancid®; cypermethrin-6% dry powder and wetta-
ble powder = Agnis® *RC = recommended concentration; 2RC = double RC; 4RC
= half RC; %RC = one-fourth RC; %RC = one-eighth RC. The product concentration
recommended by the manufacturers was standardized, regardless of the formulation,

to 3 g/m?. Average percentages were transformed by arcsen~/x /100 for statistical
analyses.

Compatibility tests

The cypermethrin-6% product affected (either posi-
tively or negatively) all of the fungal parameters evalu-
ated for the toxicity index, showing that product affects
the germination, vegetative growth and conidial pro-
duction of the B. bassiana Unioeste 4 isolate (Table 2).
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Table 2 - Biological parameters and compatibility of the fungus Beauveria bassiana (Unioeste 4) with different concentrations
of the cypermethrin-6% wettable powder chemical insecticide under laboratory conditions (26x2°C; 12 h photoperiod).

Treatment Viability (%) Diameter (cm) Conidial Production (x106/mL) TI*
Unioeste 4 (without insecticide) 982+03a 2.0+ 0.03b 382=+17a -
Unioeste 4 (2RC*) 69.7+ 1.6 C 26+0.05a 260+36b 96.2 ()
Unioeste 4 (RC) 749+22c 2.7+0.06a 254+40b 98.9 (C)
Unioeste 4 (V2RC) 91.0+0.7b 25+007a 148+28b 83.8 (C)
CV (%) 3.7 4.9 27.0 -

Means (+ SEM) followed by the same letter in the column are not different by Tukey's test (p<0.05). Wettable powder cypermethrin-6% = Agnis®. *RC = recommended concentration
of insecticide; 2RC = double RC; %2RC = half RC. The product concentration recommended by the manufacturers was standardized, regardless of the formulation, to 3 g/m2. *Toxicity
index according to Rossi-Zalaf et al. (2008); Tl values ranging from 0 to 41 = toxic; 42 to 66 = moderately toxic; above 66 = compatible (C). Average percentages were transformed

by arcsen~/x /100 for statistical analyses.

At RC and 2RC, the product significantly reduced
conidial viability (F = 91.6; C.V. = 3.7%), resulting in
germination values of 74.9% and 69.7 %, respectively,
relative to the control. A reduction in conidial viability
was also observed at %2RC, but it was less marked,
resulting in 91% germination.

Mean colony diameter increased relative to the
control group at all tested product concentrations
(F =264, CV. = 49%) and did not differ among
concentrations. Conidial production was negatively
affected and decreased at all evaluated concentrations
(F=27.0; C.V.=9.2%).

The toxicity index (T) values obtained for the 2RC,
RC and ¥%2RC treatments were 96.2, 98.9 and 83.8,
respectively. According to Rossi-Zalaf et al. (2008),
T values ranging from 0 to 41 are considered toxic,
while those from 42 to 66 are considered moderately
toxic, and those above 66 are considered compatible.
Therefore, all of the tested concentrations of this
chemical product are compatible with the fungus
under the conditions evaluated in this study (Table 2).

Effects on the number of colony forming
units and fungal insecticide activity

Mean number of colony forming units did not
differ significantly among the control and the tested

insecticide concentrations (F=2.7; C.V. = 10.1%). This
finding indicates that the insecticide did not affect this
parameter (Table 3).

Additionally, the total mortality of A. diaperinus
caused by the fungus was not significantly affected
by the chemical insecticide (F = 2.0; C.V. = 4.1%),
with values above 94% being recorded. However,
the confirmed mortality revealed that the product
(insecticide) exerted a negative effect on the fungus
at 2RC (F = 4.5; C.V. = 3.7%), presenting a lower
value relative to the control group (Unioeste 4 without
insecticide) (Table 3).

FIELD ASSAY

Control of A. diaperinus with the
cypermethrin-6% insecticide

The treatment with the DP cypermethrin-6%
product at 3 g/m? (three applications at 30-day
intervals) was effective in causing mortality of lesser
mealworms in the evaluated poultry houses, reducing
the population by up to 96% after 75 days (Table 4).

The insect populations were similar in the control
and treated poultry houses during the pre-treatment
phase, exhibiting an average of 6.0 and 9.7 insects per
sampling point, respectively. In the other assessments,

Table 3 - Effects of the cypermethrin-6% wettable powder insecticide (different concentrations) on the number of colony
forming units and the insecticidal activity of the fungus Beauveria bassiana (Unioeste 4; 1x10° conidia/mL) against Alphitobius
diaperinus adults under laboratory conditions (26+£2°C; 12 h photoperiod).

Mortality of A. diaperinus (%)

Treatment CFU/mL Total Confirmed
Unioeste 4 (without insecticide) 112.6 £+2.50 a 99.2 +0.49 a 98.4+0.75a
Unioeste 4 (2RC) 1240+792a 94.0+2.00a 91.2+1.74Db
Unioeste 4 (RC) 129.2 £3.10 a 95.2+2.73a 93.2+2.33ab
Unioeste 4 (/2RC) 111.0+6.12 a 98.4+0.75a 97.2 +1.02 ab
CV (%) 10.1 4.1 3.7

Means (+ SEM) followed by the same letter in the column are not different by Tukey's test (p<0.05). Wettable powder cypermethrin-6% = Agnis®. RC = recommended concentration
of insecticide; 2RC = double RC; 2RC = half RC. The product concentration recommended by the manufacturers was standardized, regardless of the formulation, to 3 g/m?. The

product was applied over the culture medium. To perform the analyses, the average percentages were transformed by arcsen+/x /100 .
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the population in the control poultry house was always
significantly higher than that observed for the treated
poultry house (Table 4).

Table 4 — Mean numbers (£SEM) of Alphitobius diaperinus
per sampling point in poultry houses that were untreated
(Control) or treated with the DP cypermethrin-6%
insecticide (Cascavel, Parana, Brazil).

Evaluation Control Poultry House Treated Poultry House”
Pre-treatment 6.0+2.5 aA (100.0%) 9.7+2.8 aA (100.0%)
151 (15 DAA) 9.8+3.9 aA (163.3%) 1.5+0.9 bB (15.5%)
2" (45 DAA) 13.3+£3.7 aA (221.6%) 1.8+0.7 bB (18.6%)
31(75 DAA) 9.8+3.2 aA (163.3%) 0.3+0.1 bB (3.1%)

Mean numbers (+SEM) of individuals at the sampling points and the respective
percentages of infestation, in parentheses, relative to the pre-treatment population
followed by the same lowercase letter in a column and the same capital letter in a
row do not differ by the Wilcoxon test (p<0.05) and the Mann-Whitney test (p<0.05),
respectively. *Treatment with the product in the dry powder formulation, applied with
an atomizer at 3 g/m2. Two reapplications were conducted at 30 and 60 days after the
first treatment. DAA = days after the first application.

At the first evaluation, performed 15 days after
the initial treatment, the lesser mealworm population
in the treated poultry house was strongly reduced,
by approximately 84%, relative to the pre-treatment
population. At the other evaluations (2" and 3), the
populations of insects were similar and were smaller
than the initial population, but no significant difference
was observed, even after three applications (75 days).

In the control poultry house, the lesser mealworm
population did not differ among the evaluations
and was similar until 75 days after the beginning of
sampling (Table 4).

DISCUSSION

Todorova et al. (1998) emphasized that studies
evaluating the efficiency and selectivity of chemical
products are crucial for the development of Integrated
Pest Management (IPM) programs. One of the major
issues related to the exclusive and successive use of
chemical insecticides is the selection of resistant pest
strains (Lacey & Goetel, 1995).

Resistance of A. diaperinus to chemical insecticides,
especially pyrethroids and organophosphates, has been
reported (Hamm et al., 2006; Lambkin & Rice, 2006;
Tomberlin et al., 2008; Chernaki-Leffer et al., 2011;
Lambkin & Furlong, 2014). Thus, studies monitoring
the efficiency of the products used to control the
lesser mealworm and aimed at developing alternative
control strategies for reducing insect populations are
indispensable.

The two formulations of cypermethrin-6% showed
a similar performance in terms of insect mortality
and therefore did not affect the product’s activity.
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The mortality observed using the cypermethrin-6%
product in the laboratory indicated that it was effective,
showing a performance equal or at times superior to
(at the lower concentrations) the mortality observed
for the cypermethrin-5% product, which was used
as a comparison standard. Cypermethrin-5% is one
of the most commonly used insecticides in Brazilian
poultry houses and contains 1% less active ingredient
(a.i.) in its formulation than the new product. Alves et
al. (2010) tested two cypermethrin-based insecticides
with a higher concentration (15% a.i.) in the laboratory
and also reported that, at the concentrations
recommended by the manufacturers, the products
were 100% effective in causing mortality by contact.
Products containing cypermethrin were also tested by
Chernaki-Leffer et al. (2011; 2012) in Brazilian insect
populations, and satisfactory mortality levels induced
by direct contact were reported. Additionally, also
under laboratory conditions using a cypermethrin-
based insecticide, Wolf et al. (2015) obtained mortality
values above 93% for adults.

Tomberlin et al. (2008) tested the mortality of lesser
mealworms from poultry houses in the United States in
response to four pyrethroid insecticides and reported
better performance for a cyfluthrin-based product.
Mustac et al. (2013) also studied the efficiency of a
cyfluthrin-based product on insects from Croatian
poultry houses under laboratory conditions and
reported that the populations were highly susceptible
to cyfluthrin. However, the aforementioned authors
did not test cypermethrin-based products in either of
the above studies.

Field studies conducted in other countries have also
tested mainly cyfluthrin-based insecticides (Salin et
al., 2003; Lambkin et al., 2012). In contrast, studies
focusing on broiler houses in Brazil tested cypermethrin-
based products (Uemura et al.,, 2008; Santos et al.,
2009; Alves et al., 2010). This difference is explained
by the fact that cypermethrin-based products are
widely used in Brazil, possibly due to their lower cost,
and indicates the uniqueness of each country in the
market for insecticides for poultry use.

Santos et al. (2009) reported that a cypermethrin-
based insecticide was effective in causing lesser
mealworm mortality and in altering the spatial
distribution of insects throughout the poultry house.
Alves et al. (2010) also tested a cypermethrin-based
insecticide and reported control indexes of up to 76%
after 40 days. However, in both cases, an increase in
the size of the insect population was observed after
a one-flock period (mean of 45 days). The authors
performed a single application using the product in
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liquid form for abundant treatment of the soil in the
poultry house. This control strategy is recommended
because the product reaches insects that bury in the
soil to complete their development (Santos et al.,
2009; Alves et al., 2010).

This study was conducted in broiler-breeder
houses and not in broiler facilities, and it is important
to emphasize the lack of field studies conducted
under similar conditions. The physical structure of
broiler-breeder poultry houses favors pest population
management, as they usually have cement floors and
curtains sealing the sides and the ceiling. According to
Uemura et al. (2008), these characteristics aid lesser
mealworm management because they reduce the
occurrence of cracks or refuges that benefit the cryptic
and escape habits of A. diaperinus. In broiler-breeder
houses, the health status of the breeders must be better
than that of broilers, as they must fertile eggs free
from contamination when reaching sexual maturity.
Therefore, it is extremely important to eliminate the
lesser mealworm or at least to keep its population levels
as low as possible, especially in broiler-breeder houses,
to prevent the spread of pathogens in the production
chain. Thus, the treatment strategy used by Santos et
al. (2009) and Alves et al. (2010) was different from
the one used in the present study. In this study, the
cypermethrin-6% product in powder was applied
three times on the surface of the poultry litter using
an atomizer, at 30-day intervals. This strategy resulted
in 96% reduction in the lesser mealworm populations
after 75 days under the evaluated conditions. The
higher frequency of insecticide application allows
affecting the immature (and most susceptible) insect
phases, consequently reducing adult re-infestation in
the next cycle.

It is noteworthy that the insects were not
completely eliminated from the poultry house even
with successive treatments. However, the control index
was satisfactory and was well above the minimum
(80%) indicated by the technical regulations for the
licensing of antiparasitic pesticides for veterinary use
(Mercosul/GMC, 1996). Environmental management
was also considered. Adopting chemical control in
combination with alternative management strategies,
such as using the fungus B. bassiana, could increase
the effectiveness of the treatment and possibly reduce
the number of chemical applications, thus minimizing
the risks of contamination and the selection of resistant
individuals (Oliveira et al., 2003; Japp et al., 2010).

Although B. bassiana has been identified by
several authors as a potential control agent for A.
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diaperinus (Crawford et al., 1998; Geden & Steinkraus,
2003; Oliveira et al., 2014), its efficiency under field
conditions in Brazil was only recently shown (Alves et
al. in press). Therefore, there are no available studies
evaluating the compatibility of this microbial agent
with the chemical insecticides used to control insect
populations in Brazilian poultry production systems.
The lack of such studies emphasizes the importance
of the present study, as it is important to understand
the interactions between entomopathogenic fungi
and the different chemical products and commercial
formulations available.

Because the exposure of the fungus to such
products is extreme in compatibility tests in laboratory
conditions, when pesticides exhibits high toxicity, the
same result may not be necessarily replicated in the
field. However, if the product is harmless in vitro, it will
certainly be selective under field conditions (Alves et
al., 1998a).

The present results showed that the tested chemical
insecticide can be considered compatible at all tested
concentrations, according to the toxicity classification
index proposed by Rossi-Zalaf et al. (2008), despite its
negative effects on conidial viability and production.
The recommended concentration did not exert a
negative effect on the other evaluated parameters
of the fungal isolate (CFU and mortality by fungus),
indicating that the presence of the product on the
surface of the culture medium during germination/
growth did not affect these parameters. Therefore, the
cypermethrin-6% product may be considered selective
for B. bassiana under the tested conditions.

Paz et al. (2009) evaluated a product with
cypermethrin-5% that is registered to treat
ectoparasites in cattle and obtained different results,
with the studied acaricide being classified as toxic
to the tested B. bassiana isolate. Similar results were
found by Barci et al. (2009), who assessed acaricides
with different active ingredients, including two
cypermethrin-based products with 10% and 15% a.i.,
and reported the products to be toxic to B. bassiana
isolate IBCB21.

The difference in these results may be linked
to the characteristics of each isolate and to the
a.i. concentrations of the products tested by the
aforementioned authors, as well as to the parameters
used to calculate the toxicity index (formula). Moreover,
Tamai et al. (2002) noted that chemical products with
similar modes of action manufactured by different
companies may have different pathogen selection
responses due to differences in the ingredients (inert
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ingredients and adjuvants) used in the formulation of
each product.

Therefore, based on the results of the present
experiment, the application of the DP cypermethrin-6%
product at 3 g/m? on the surface of poultry litter is
recommended. The insecticide showed compatibility
with the fungus B. bassiana (Unioeste 4 isolate) for
the control of A. diaperinus under in-vitro conditions.
Further studies are needed to assess this compatibility
under field conditions and to determine the most
effective strategy to combine these two agents is.
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