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Abstract In laboratory tests, the toxicity of acaricides
targeted against house dust mites was tested on five species of
stored product mites (Acarus siro, Aleuroglyphus ovatus,
Carpoglyphus lactis, Lepidoglyphus destructor, and Tyrob-
orus lini). The formulations of benzyl-benzoate, benzyl-
benzoate/permethrin/pyriproxyfen, and neem were diluted in
water and applied to filter paper in an unventilated chamber.
The mortality of mites was observed after 24 h of exposure to
acaricide-impregnated filter paper. All of the tested acari-
cides were toxic to all of the mite species. There were sig-
nificant differences in mortality among the species and the
acaricides. Benzyl-benzoate/permethrin/pyriproxyfen was
the most effective, followed by benzyl-benzoate and neem.
L. destructor (LDsg 0.01-0.11 pg) was the most sensitive
mite species, followed by A. siro (LDso 0.04-0.12 pg), T. lini
(LDsg 2-21 pg), A. ovatus (LDsq 3—18 pg), and C. lactis
(LDsg 4-64 pg). Based on the highly toxic effects of the
tested acaricides against the stored product mites, the acari-
cides should be considered as a potential tool in the control of
stored product mites, although next screening is necessary.

Keywords Mites - Control - Grain - Acaricides -
Stored product

Introduction

Stored product mites (Acari: Astigmata) are associated
with various kinds of stored products, including cereals,
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oils, seeds, dried fish and fruits, seeds and bulbs of orna-
mental plants, and some traditional cheeses and ham
(Hughes 1976). Some of them also inhabit house dust along
with house dust mites (Colloff 2009). Under suitable
moisture and temperature conditions, the mite population
can multiply exponentially (Sanchez-Ramos and Castafera
2001). The damage to stored food caused by mites lies not
only in the mite infestation itself, and the result that the
products become unusable due to changes in odor, but
more principally in the production of allergens and the
transmission of pathogenic microorganisms (Spieksma
1990; Franzolin et al. 1999). Mite control is usually based
on physical and chemical methods (Sinha and Watters
1985). The chemical methods are still the most effective
due to their low cost (Zettler and Arthur 2000).

Stored product mites have usually been controlled by the
same pesticides as stored product insects, and it was
believed that they were more tolerant than insects to some
pesticides (Wilkin and Hope 1973; Zdarkova and Horak
1974). In some cases, farmers did not control stored
product mites, but only the most visible insects (Stejskal
and Hubert 2008). For such control, organophosphates
were the most frequently used chemicals. However, many
organophosphate pesticides have been banned. This situa-
tion has accelerated the studies of the use of alternative
compounds (as review Collins 2006). In spite of this
increase in studies, there are still few acaricides available
for control of stored product mites.

The aim of this study was to compare the efficacy of the
acaricides benzyl-benzoate, benzyl-benzoate/permethrin/
pyriproxyfen (70/100/5 gL respectively), and natural neem
(margosa extract) against five stored product mite species,
namely, Acarus siro (Linnaeus 1758), Aleuroglyphus ova-
tus (Troupeau 1878), Carpoglyphus lactis (Linnaeus 1758),
Lepidoglyphus destructor (Schrank 1871), and Tyroborus
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lini (Oudemans 1924). Emphasis was placed on identifying
the compounds that demonstrated high efficacy with low
dosage.

Materials and methods
Acaricides

Three different formulations of active ingredients were
analyzed: (i) benzyl-benzoate originating from Biolit Plus
(Lybar, a.s. Teplice, Czech Republic); (ii) combinations of
benzyl-benzoate/permethrin/pyriproxyfen (in the propor-
tions (70/100/5 gL respectively) from Fedorex-Profi (ICB
Pharma, Jaworzno, Poland); and (iii) neem from Acaro-
san®duo (Davimed Pharma HealthCare GmbH, Bad
Segeberg, Germany). It contains the margosa extract which
is natural product of seed of the Indian neem tree (Aza-
dirachta indica). The formulation is 0.5% margosa extract,
polymers, emulsifying agents, less than 5% anionic wetting
agent, odor-improving agent, water (according to manu-
facture description). The acaricides were diluted with water
and tested. The concentrations of acaricides were the
following: 0.25, 2.5, 25, 250, 1250, and 2500 pg of benzyl-
benzoate; 0.0007, 0.007, 0.07, 0.7, 7, and 70 ng of benzyl-
benzoate in benzyl-benzoate/permethrin/pyriproxyfen; and
0.05, 0.5, 5, 50, and 500 pg of neem. The used concen-
tration range covers the dose recommended by manufac-
tures and the doses when the mortality decreased.

Mites

Five species of stored product mites were selected for the
bioassay: Acarus siro, Aleuroglyphus ovatus, Carpoglyphus
lactis, Lepidoglyphus destructor, and Tyroborus lini.
According to the preliminary results the strains showed no
resistance to pesticides, only A. siro is tolerant to chlor-
pyriphos-ethyl (Hubert et al. 2007). The species originated
from laboratory stock cultures kept in the Crop Research
Institute (Prague, Czech Republic). For rearing conditions,
see Erban and Hubert (2008). Before the experiment, the
mites were collected from the rearing chambers with a
camel-hair brush from the surface of the tissue chambers
under a Stemi 2000 C dissection microscope (C. Zeiss, Jena,
Germany). Unsexed adults were used for the bioassay.

Bioassays

The authors chose a quick laboratory bioassay to facilitate
comparison of toxicity. The used test enables the screening
of acaricides toxicity in short time (Stara et al. 2011). The
mites were transported into weighing bottles (cat. No. 2602
Vitrum, a.s., Praha, Czech Republic) (Stara et al. 2011).

@ Springer

The bottles prevented the air from moving and the mites
from escaping. Two circles of filter paper (10 mm in
diameter) (Whatman® qualitative filter papers Grade 5, cat
No. 7240672, Sigma-Aldrich, Sant Louis, USA) were
placed into every bottle. Afterwards, 0.1 ml of acaricide
solution was added into the filter paper of every bottle. The
solutions of acaricides keep the high relative humidity in
the chamber for experimental period approximately 100%
of r.h. After 2 h, ten unsexed adults were placed into the
bottle and the bottles were incubated (25°C, in darkness)
for 24 h. For each acaricide, concentration and mite spe-
cies, six replicates were completed; it was 60 individuals
altogether per acaricide concentration and mite species.
The dead mites were counted under a dissection micro-
scope after the incubation. Any individual not exhibiting
movement under a physical stimulus was considered dead.
The same experimental design was used for the control
treatments where only distilled water without any acaricide
was applied on filter paper in the bottles.

Data analysis

To determine the significance of the tested parameters, a
logistic regression model was used. The numbers of dead
individuals were the dependent variable, while the acari-
cide concentrations, type of acaricide, species, and their
interactions were the independent variables. The model
better explained the variability when the acaricide con-
centrations were log-transformed (natural logarithm of
acaricide concentration +1 x 1077).

The effects of the acaricide concentrations on mite
mortality were tested by probit analysis using a dose-effect
analysis separately for every acaricide and mite species.
For toxicity comparisons, the lethal doses causing 50%
(LDsp) and 95% (LDys) mortality of mites were fitted with
95% confidence limits were fitted from probit regression
using data analyzed. In the analyses the concentration of
acaricide was transformed logarithmically (decimal loga-
rithm of acaricide concentration). All analyses were done
in XLSTAT 2007 (Addinsoft USA, New York, NY, USA).

Results

All of the tested acaricides were toxic to all species of
mites evaluated. The natural mortality rates were as fol-
lows: 12% A. siro, 12% A. ovatus, 10% C. lactis, 8%
L. destructor, and 2% T. lini. Mite mortality was signifi-
cantly influenced by acaricide concentrations, type of acar-
icide and interactions, namely, concentration x species and
type of acaricide x species. The interaction concentra-
tion x type of acaricide had no significant effect (Table 1).
The sensitivity of mites is clearly illustrated by the LDs
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Table 1 The logistic regression model describing the effect of
parameters to mortality of mites in experiment; the numbers of dead
individuals were the dependent variable, while the acaricide con-
centrations, type of acaricide, species, and their interactions were the
independent variables

Factor Df-error 12 (Wald) Pr > Wald
Concentration 1 249.512  <0.0001
Species 4 1082.118  <0.0001
Type of acaricide 2 384.373  <0.0001
Concentration*species 4 3491.265 <0.0001
Concentration*type of acaricide 2 3.432 0.180
Species*type of acaricide 8 554.532 <0.0001

The model better explained the variability when the acaricide con-
centrations were log-transformed

and LDos values (Table 2). According to the LDsq values,
the most sensitive mite species was L. destructor, followed
by A. siro, T. lini, and A. ovatus; the most tolerant species
was C. lactis. Among the acaricides, the toxicity effect
increased in the following order: benzyl-benzoate/perme-
thrin/pyriproxyfen, benzyl-benzoate, and neem.

According to the LDos of the tested acaricides, as
compared to rates labeled against dust mites, the acaricides
were sufficiently effective against most of the tested spe-
cies of stored product mites. The LDos of benzyl-benzoate
against tested species of stored product mites ranged from
2 to 375 pg against L. destructor and A. ovatus, respec-
tively. The low LDgs values, in comparison with the rec-
ommended rate of 2500 pg of benzyl-benzoate for use
against dust mites, indicate the extremely high efficacy of
benzyl-benzoate against stored product mites. In all cases,
the combination of benzyl-benzoate with permethrin and
pyriproxyfen increased the efficacy against the tested mite
species in comparison with benzyl-benzoate in single
compound. The LDys of benzyl-benzoate in a multi-com-
pound was always lower than the LDgs of benzyl-benzoate.
However, the LDys value of 345 pg of benzyl-benzoate
against C. lactis indicated that the labeled rate of 70 pg of
benzyl-benzoate against dust mites should be increased to
obtain sufficient efficacy against this mite species. The
LDys value of neem against tested stored product mites was
compared to the labeled rate of 500 pg of neem is labeled
against dust mites. The efficacy of neem was high against
all species except for A. ovatus.

Discussion

Some compounds have been available for the control of
house dust mites in homes (independently of the control of
stored product mites) (Colloff 1990). In a previous study, it
was found that compounds that are highly toxic to house

dust mites (e.g., Dermatophagoides pteronyssinus and
D. farinae) are also effective for the control of Tyrophagus
putrescentiae (Stara et al. 2011). Of the tested acaricides,
benzyl-benzoate, neem, and a multi-compound acaricide
based on the combination of benzyl-benzoate, permethrin,
and pyriproxyfen (hereafter denoted benzyl-benzoate/per-
methrin/pyriproxyfen) were among the most effective
acaricides. However, there are no available data on efficacy
of these compounds against a wider spectrum of stored
product mites.

The tested acaricides (benzyl-benzoate, neem, and the
multi-compound acaricide benzyl-benzoate/permethrin/
pyriproxyfen) were effective against all species of mites
used in the laboratory bioassay. These findings extended
the spectrum of possible uses of these products from house
dust mites to stored product mites (Colloff 1990; Downing
et al. 1990; Rembold 2005; Sanchez-Ramos and Castafiera
2003; Suhaili and Ho 2008; Stara et al. 2011).

The experimental design was based on short-term
observations; however, the efficacy of these acaricides after
application under field conditions could be different. The
authors have demonstrated previously that the combination
of active ingredients (benzyl-benzoate/permethrin/
pyriproxyfen) was effective in a long-term experiment. The
compounds were incorporated into the mites’ diets and
strongly suppressed the population growth of A. siro,
T. putrescentiae, and A. ovatus (Hubert et al. 2007). In this
study and in previous observation (Hubert et al. 2007), it
was confirmed the toxic effect of acaricides to stored
product mites. The both observations indicate the possi-
bility of application of acaricides in stored product,
although the results are still preliminary. The further
screening in field conditions will be necessary.

The selected species are important pests in stored food.
Acarus siro and L. destructor are among the most frequent
pests in grain stores (Athanassiou et al. 2005; Palyvos et al.
2008). A. ovatus also occurs in stored grain, but in lower
numbers than the other two species (Li and Fan 1997).
Acarus siro, A. ovatus, and L. destructor inhabit poultry
houses (Mumcuoglu and Lutsky 1990). All of these species
have been sampled in the dust of farms (Bostrom et al.
1997). Carpoglyphus lactis is an important pest of dried
fruits (Cobanoglu 2009), causes contamination of honey
(Chmielewski 1995) and has been found in fermented
liquid food, together with Tyroborus lini (Quintero and
Acevedo 1991). With the exception of T. lini and C. lactis,
the rest of the species have been shown to be producers of
allergens (Colloff 2009). Acarus siro, L. destructor, and
C. lactis were reported to cause intestinal and urinary
acariasis (Li et al. 2003). The economic and medical
impact of these mites supports the need for their control.
The tested acaricides should be considered as a potential
tool for the control of these pests.
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Table 2 Probit regression model parameters and fitted doses of tested acaricides describing the mortality of the mites

Species Acaricide Parameters of probit regression Lethal concentrations (jg)
k q R*>  LDs, LDys
Acarus siro Benzyl-benzoate 0.71 £ 0.12  0.65 £ 0.12 0.37 0.04 22
(0.004/0.15)  (9/110)
Benzyl-benzoate/permethrin/pyriproxyfen  0.89 + 0.10 0.80 £ 0.13 0.60 0.08 8
(0.04/0.14) (3/24)
Neem 0.89 £0.13 0.67 £ 0.12 048 0.12 11
(0.05/0.22) (5/41)
Aleuroglyphus ovatus Benzyl benzoate 132 £020 -1.80+0.38 0.61 17 375
(8/29) (210/951)
Benzyl-benzoate/permethrin/pyriproxyfen  1.62 & 0.29 —1.00 £ 0.28 0.51 3 39
(1.72/4.98) (22/117)
Neem 0.74 £0.13 —-1.10+ 023 0.36 18 4272
(8/35) (1,125/56,290)
Carpoglyphus lactis Benzyl-benzoate 233 +£032 —434+£0.67 0.66 64 354
(42/89) (238/638)
Benzyl-benzoate/permethrin/pyriproxyfen  0.95 + 0.14 —0.81 £0.17 048 5 345
(3/9) (126/1,806)
Neem 085 +£0.12 —-0.68 £0.17 049 4 473
(2/8) (185/2,209)
Lepidoglyphus destructor  Benzyl-benzoate 0.67 £ 021 143 £0.16 0.36  0.01 2
(0.001/0.004)  (1/13)
Benzyl-benzoate/permethrin/pyriproxyfen  0.41 £ 0.07 1.54 + 0.15 0.27 0.01 1
(0.001/1.43)  (0.3/15)
Neem 1.15 £ 0.17 099 £0.15 0.57 0.11 3
(0.06/0.18) (2/11)
Tyroborus lini Benzyl-benzoate 1.56 +£ 0.19 —2.06 £ 0.30 0.81 21 242
(14/30) (141/536)
Benzyl-benzoate/permethrin/pyriproxyfen 1.48 £ 0.25 —1.22 £0.27 0.67 6 84
(4/10) (43/292)
Neem 201 £030 —-0.77 £020 0.79 2 16
(2/3) (10/35)

The model was y = kx + ¢ and the concentration of acaricides were log-transformed. The parameters are shown with standard deviations and the
values of fitted LDsy and LDgs, with 95% lower and upper bounds, are added in parentheses. The weight of acaricide is a dose which was applied
to two circles of filter paper with 10 mm diameter. To determine the significance of the tested parameters, a logistic regression model was used.
The numbers of dead individuals were the dependent variable, while the acaricide concentrations, type of acaricide, species and their interactions
were the independent variables. The model better explained the variability when the acaricide concentrations were log-transformed (natural

logarithm of acaricide concentration +1 x 1077)
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