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Metarril SP Organic is a product based on the fungus Metarhizium anisopliae, which was developed for
controlling agricultural pests. The present study evaluated the effect of Metarril SP Organic plus 10% min-
eral oil, for controlling Rhipicephalus microplus under field conditions. Three groups were formed: Control
group, which received no treatment; Oil control group, which was bathed only with water, Tween 80
and mineral oil; and Metarril group, bathed in the oil-based formulation Metarril SP Organic. Two treat-
ments per group were performed and to verify the effect of the treatments, all R. microplus ticks between
4.5 and 8.0 mm in length on the left side of the cattle were counted on days +7, +14 and +21 after each
treatment, and a sample of engorged females was collected for evaluation of biological parameters. The
Metarril SP Organic oil formulation showed efficacy ranging from 8.53 to 90.53%. The average efficacy of
the oil-based formulation of Metarril SP Organic was 75.09 and 46.59% compared with the groups Control
and Oil control, respectively. There were no significant changes in biological parameters of engorged R.
microplus females collected from animals. Although there was no significant difference in the amount of
ticks between the Oil control and Metarril groups, it is believed that the association of mineral oil with
Metarril SP Organic product is effective in R. microplus tick control in field. Thus, this association has
potential to be used in strategic control programs of cattle tick.
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1. Introduction

Interest in biological control programs for agricultural pests and
parasites in livestock has grown considerably around the world
because of new directives for production that promotes conser-
vation and sustainable use of biological resources, in addition
to concerns about the food quality and the absence of chemical
residues in meat and dairy products. However, the use of chemical
insecticides and acaricides is still the predominant method for con-
trolling pests and parasites such as Rhipicephalus microplus ticks.
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This parasite has a major economic impact on livestock because of
the direct and indirect losses it causes. It has been estimated that in
Brazil alone, these losses reach approximately 3.24 billion dollars a
year (Grisi et al., 2014).

Lack of concern about proper use of the chemical bases that
are commercially available has reduced the effectiveness of these
products through selection and spreading of resistant ticks (Furlong
et al., 2007). In this context, biological control using arthropod-
pathogenic fungi is a promising method that should be considered
in relation to tick control.

The virulence of these fungi against ticks has already been
proven in many laboratory studies (Fernandes et al., 2006;
Leemon and Jonsson, 2008; Camargo et al., 2012; Quinelato et al.,
2012). However, under natural conditions, this virulence decreases
because the action of these pathogens is influenced by various
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environmental factors, such as temperature, relative humidity and
exposure to solar radiation (Butt et al., 2001; Leemon et al., 2008;
Ojeda-Chietal., 2010; Fernandes et al., 2012). Therefore, it is neces-
sary to evaluate the action of fungi under environmental conditions
in order to devise ways of using these pathogens without losing
their infectivity and virulence.

The formulation in which the conidia are applied is of fun-
damental importance to the success of tick biocontrol because
this maintains the viability, virulence and effectiveness of the
pathogens under field conditions. Some products composed by
arthropod-pathogenic fungi were tested against different tick
species under laboratory conditions. Oil formulations of a prod-
uct based on isolates ESALQ 1037 and ESALQ E9 of Metarhizium
anisopliae (Metarril WP Organic) were tested against R. microplus
tick and presented significant changes in all evaluated parameters
(Marciano et al., 2013). The products Metarril SC (this product is
no longer available on market) and Boveril WP were tested against
Amblyomma cajennense tick (Lopes et al., 2007). Boveril WP was
also tested against R. microplus (Perinotto et al., 2012a) and Derma-
centor nitens (Perinotto et al., 2012b). All these products referred
to above caused significant changes against ticks tested, especially
when elaborated in oil formulations.

The present study was developed through motivation from the
results found by Camargo et al. (2014). In assessing the oil-based
formulation of Metarril SP Organic, a product based on M. anisopliae
fungus, against cattle ticks in a pen-based study, these authors con-
cluded that this oil-based fungal formulation might be an important
tool for controlling R. microplus ticks, and that studies in the field
using more than one treatment would be beneficial for increas-
ing the effectiveness of this product for tick control under natural
conditions. Therefore, the aim of the current study was to evalu-
ate the formulation of Metarril SP Organic, plus 10% mineral oil, for
controlling R. microplus ticks in field tests.

2. Material and methods
2.1. Location and period of the experiment

The field test was carried out between the months of April and
June 2014, in the field area of the “W.0. Neitz” Experimental Sta-
tion for Parasitological Research of the Federal Rural University of
Rio de Janeiro (UFRR]), Seropédica campus, Rio de Janeiro, Brazil,
which is located at 22° 44’ South, 43° 42" West. This region has a
tropical climate, an altitude of 33 m, average annual temperature
of 23.5°C and average annual rainfall of 1483 mm. The evaluation
of the biological parameters of R. microplus females collected from
animals during the test was carried out from May to July 2014 in
the Microbial Control Laboratory of UFRR].

2.2. Cattle used in the experiment

A total of 30 Angus cattle, Red Angus variety, aged approxi-
mately between 1 and 4 years (mean age 1.87 years) and weighing
between 155 and 461 kg (average weight of 313.1 kg), were used.
The groups were kept in three separate paddocks, with an area of
about 2 ha per paddock with grass and water freely available. This
study was approved by the Ethics Committee for Animal Use (CEUA)
of UFRRJ, under the protocol number 017/2014.

2.3. Formulations evaluated in the experiment

Aformulation only containing water, 10% mineral oil (Vetec Fine
Chemicals Ltda., Rio de Janeiro, R], Brazil) and 1% Tween 80 was
prepared for the treatment administered to the oil control group. A
fungal formulation was prepared using Metarril SP Organic, water,
10% mineral oil and 1% Tween 80. The product Metarril SP Organic

was developed by Koppert Biological Systems to control agricul-
tural pests and consisted of the isolates ESALQ 1037 and ESALQ
E9 of M. anisopliae. The fungal formulation used in the field test
contained 1 x 108 conidia/mL.

2.4. Experimental design

All the methodology used in the field test was performed in
accordance with to the methodology described by Holdsworth et al.
(2006) and the methodology recommended by the Brazilian Min-
istry of Agriculture, Livestock and Supply (MAPA) for production,
control and use of antiparasitic drugs for veterinary purposes (Ordi-
nance No. 48 of May 12, 1997; MAPA) (Brasil, 2012).

The animals used in the field test were naturally infested with R.
microplus ticks, i.e., all animals had sufficient natural parasite load
for the field test development, not being necessary the artificial
infestation of animals with tick larvae (Holdsworth et al., 2006).
Before the experiment was started, ticks between 4.5 and 8.0 mm
long were counted weekly so as to assure the presence of at least
20 ticks on one side of each animal. The 30 cattle were distributed
among the groups according to the infestation degree, determined
according to the number of ticks between 4.5 and 8.0 mm present
on one side of the body of each animal over the three days prior to
treatment (—3, —2 and —1). The three animals with the highest aver-
age tick counts were randomly allocated, one to each group. The
next three animals were then allocated, and so on until the three
groups of ten animals each had been completed (Holdsworth et al.,
2006). Thus, the groups began the test with very similar average
number of ticks.

Two treatments with the formulations were performed on the
cattle: the first treatment on day zero and the second on day +3.
There were three test groups: a group treated with the oil-based
formulation of Metarril SP Organic (Metarril); a group treated only
with a formulation of water, mineral oil and Tween 80 (Oil Control)
and a control group that received no treatment (Control). Using
a backpack pump sprayer system, the formulations were sprayed
over the animals’ bodies, from the bottom up and in the opposite
direction to how the fur lies, giving greater attention to the areas
most affected by ticks, such as the inner thighs, dewlap, ears and
perineum. Each animal was sprayed with 4 L of the corresponding
formulation, which was enough to bathe the entire body surface of
an animal with the physical characteristics listed above.

After the cattle had been treated with the formulation, all female
ticks between 4.5 and 8.0 mm in length, present on the left side of
each animal were counted on days +7, +14 and +21 after each treat-
ment, i.e. a total of six counts (+7, +10, +14, +17, +21 and +24). A
sample of ten engorged females per group per day was randomly
collected to evaluate the biological parameters. They were taken
to the laboratory, individually weighed, fixed in Petri dishes and
incubated at 27 41 °C and relative humidity >80%. The eggs pro-
duced by the females were weighed and incubated under the same
temperature and humidity conditions for further evaluation of the
larvae that hatching.

To evaluate the efficacy of the oil-based formulation of Metarril
SP Organic on R. microplus ticks in the field tests, the following bio-
logical parameters were investigated: initial weight of the female,
weight of the egg mass, larvae hatching percentage, and nutritional
and egg production indexes (Bennett, 1974).

The efficacy of the Metarril SP Organic formulation was calcu-
lated using the following formula (Henderson and Tilton, 1955;
Holdsworth et al., 2006; Brasil, 2012):

. _ Ta x Cp
Efficacy = (1 m) x 100 (1)

where T4 =average number of ticks that fell from treated ani-
mals after the day of treatment; T}, = average number of ticks that
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Table 1

Average number of Rhipicephalus microplus ticks, according to the day of evaluation,
obtained after treatments of the animals with the formulation of Metarril SP Organic
plus 10% mineral oil, and in the two control groups, in the field test.

Table 2

Daily and average efficacies (%) of the Metarril SP Organic formulation plus 10%
mineral oil for controlling Rhipicephalus microplus ticks, in relation to the control
groups, in the field test.

Days Average number of ticks
Control Qil Control Metarril

Day 0 65.3 a* £35.0 65.4a+31.0 65.4a+28.5
Day +7 41.6 a+24.22 45.3 a+36.69 19.5a+17.10
Day +10 38.5a £22.74 55.6a+51.52 34.7a+17.17
Day +14 30.9a+23.71 28.9a+23.32 16.7 a+8.83
Day +17 65.5a+42.22 25.3b+26.49 20.0b+13.70
Day +21 129.6 a+97.89 23.0b+23.48 123 b+7.65
Day +24 165.3 a+132.04 42.0 b+43.46 174b+7.35

2 Means followed by the same letter on the same line do not differ significantly
from each other (p > 0.05), according to the Student-Newman-Keuls test.

fell from treated animals over the three days prior to treatment;
Cq =average number of ticks that fell from control animals after
the day of treatment; Cp =average number of ticks that fell from
control animals over the three days prior to treatment.

2.5. Statistical analysis

Analysis of variance (ANOVA) was performed, followed by the
Student-Newman-Keuls (SNK) test for parametric data analysis.
To evaluate the nonparametric data, the Kruskal-Wallis test fol-
lowed by SNK was used. In all analyses, the significance level was
5% (p <0.05) (Sampaio, 2002).

3. Results

There was a reduction in the average number of ticks in the
Metarril group, compared with the Control group, starting from the
second count after the second treatment (day +17). However, there
was also areduction in the number of ticks in the Oil Control group,
compared with the Control group, starting from day +17 (Table 1).
The average numbers of ticks in the Oil Control and Metarril groups
remained lower than the number in the Control group until the last
day, withreductions in the number of ticks in Oil Control and Metar-
ril groups of up to 5.63 and 10.54 times, respectively, in relation to
the Control group, in the last week (Table 1).

During the first week after treatment, the three groups con-
tinued to present similar average numbers of ticks. From the
second week on, significant differences in the average number of
ticks began to be seen between the groups, and these differences
increased considerably in the third week after the treatments.

The oil-based formulation of Metarril SP Organic presented daily
efficacy ranging from 8.53% to 90.53% and from 19.68% to 57.81%,
compared with the Control and Oil Control groups, respectively.
The average efficacy of the Metarril SP Organic formulation plus
10% mineral oil was 75.09% and 46.59%, in relation to the Control
and Oil Control groups, respectively (Table 2).

The efficacy of the oil-based formulation of Metarril SP Organic
began to increase in the second week after treatment, reaching
peaks of 90.53% over the Control group and 57.81% over the Oil
Control group, respectively, in the third week.

There were no significant changes in biological parameters of
engorged R. microplus females collected from the animals’ bodies
in the field test on any of the days on which ticks were collected.

4. Discussion

Numerous studies have demonstrated the in vitro pathogenic-
ity of arthropod-pathogenic fungi in relation to different species
of ticks (Reis et al., 2001; Fernandes and Bittencourt, 2008). How-
ever, few studies have tested the action of these pathogens under

Days Daily efficacy
Control® 0il Control®

Day +7 52.43% 56.24%
Day +10 8.53% 36.59%
Day +14 45.15% 41.29%
Day +17 69.01% 19.68%
Day +21 90.53% 45.53%
Day +24 89.29% 57.81%
Average efficacy 75.09% 46.59%

2 Efficacy of the oil-based formulation of Metarril SP Organic calculated relative
to the Control group.

b Efficacy of the oil-based formulation of Metarril SP Organic calculated relative
to the Qil Control group.

environmental conditions. One important factor that aids in con-
solidating microbial control programs is to evaluate the influence
not only of environmental factors, but also of the fungus/tick/cattle
relationship under realistic conditions, within which all factors
exist and contribute. With this in mind, the aim of the present study
was to evaluate the action of Metarril SP Organic associated with
mineral oil, against R. microplus tick under ambient conditions.

A downward trend in the average number of ticks in the group
treated with the Metarril oil formulation when compared to Con-
trol and Oil control groups was observed. However, there was no
significant difference between the Oil control and Metarril groups
(Table 1). The high standard deviation values observed in this study,
probably caused by differences between the animals, may have
influenced the statistical analysis of the average number of ticks,
making it difficult to detect significant difference between the Oil
control and Metarril groups. Factors, such as age and animal weight
may have interfered in obtaining the data and hindered the results
interpretation. For example, older animals may have had more
contact with ticks and consequently developed greater resistance
when compared with younger animals. It is believed that the stan-
dardization of animals and its appropriate distribution between the
groups has utmost importance for the assays development. There-
fore, in view of the difficulty of having a large number of animals
available with similar characteristics (weight, age, breed, blood
level, infestation degree, etc.) and the importance of the devel-
opment of the field test for the best understanding of the effect
of the fungal formulation on the tick in environmental conditions,
it was decided in this study the animals standardization accord-
ing to the characteristics that are believed to have more influence
on the results. These characteristics were: (1) Breed and degree of
blood: animals were selected from the same breed (Angus cattle,
Red Angus variety) and very similar blood level due to the large
variability in susceptibility to tick R. microplus presented by differ-
ent cattle breeds. (2) Infestation degree: animals were distributed
among the groups according to the infestation degree, making the
three groups present an initial average number of ticks very simi-
lar (Table 1). Therefore, even the cattle showed different resistance
degree to the ticks due to differences in age, for example, it was
expected that this difference was diluted with stratification by the
infestation degree. (3) High replication: it was decided to use of a
large number of animals per group (10 animals per treatment), thus
aiming to reduce the effect of other factors that might have inter-
fered, including individual susceptibility of animals to tick. Thus,
the importance of standardization to the maximum characteristics
of animals to be used in field trials is noted.

Development of a treatment protocol for cattle using the oil-
based formulation of Metarril SP Organic may be an important
step for adding to the potential effectiveness of the product for
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controlling ticks under natural conditions. Through establishing
an ideal number of treatment baths for cattle using fungal formu-
lations, and an ideal interval between treatments, it ought to be
possible to increase the efficacy of the product and maintain the tick
population at an acceptable level. In assessing the product Metar-
ril SP Organic plus mineral oil against cattle ticks in a pen study,
Camargo et al. (2014) observed average efficacy of 47.74% from a
single treatment applied to the animals. In the present study, the
same fungal formulation was used, in field tests comprising two
treatments applied to cattle, and average efficacy of 75.09% was
achieved. In other words, just a single additional round of spray-
ing with fungal formulation increased the efficacy of the product
by 57%. Alonso-Diaz et al. (2007) observed efficacy of between 0
and 91.2% from a suspension of M. anisopliae that was used to
bathe cattle presenting natural infestation with R. microplus, every
15 days for two months, under field conditions. Kaaya et al. (2011)
assessed the effect of an oil-based formulation of M. anisopliae that
was sprinkled onto cattle infested with R. evertsi and R. decoloratus
ticks, once every three weeks for one year, under field conditions,
and observed a reduction in the tick population of up to 83%. These
results emphasize that there is a need to develop a cattle treatment
protocol focusing on enhancing the action of fungal formulations
for controlling ticks under field conditions.

In the field test, there were no significant changes in biological
parameters of engorged R. microplus females on any of these days
which ticks were collected. Kaaya et al. (2011) observed 93-100%
mortality of R. evertsi and R. decoloratus, respectively, among cat-
tle bathed using a formulation of M. anisopliae plus 20% sunflower
oil, in a field test. However, these researchers collected the ticks
from the bodies of the cattle immediately after treatment with the
fungal formulation, which differed from the methodology used in
the present study, in which ticks were collected on days +7, +14
and +21 after each treatment. Although the fungus was able to kill
a large proportion of the larvae and nymphs present on the cattle
at the times of the treatments, given that there was a consider-
able decrease in the number of ticks in the group treated with the
fungal formulation in the present study, it is believed that over
time, some of the fungus may have been removed from the ani-
mals’ bodies through their licking action and through contact with
the ground when lying down. Another factor that may have influ-
enced this result is the possibility of natural re-infestation of cattle,
since they remained unrestrained in the pasture. Larvae that may
have become attached to the animals after the treatments possibly
had less contact with the fungal formulation than did the larvae
that were on the cattle at the time of the treatment. Thus, both the
ticks that survived the treatment and those that climbed onto the
animals after the treatments were collected as adults for evaluation
of biological parameters and their development was unaffected.

A decrease in the average number of ticks on the cattle in the
Oil Control group, compared with the animals in the Control group,
was observed in this study. Deleterious effects on ticks caused by
different oils had previously been reported (Camargo et al., 2012,
2014; Samish et al., 2014). It is believed that the oils interfere with
the physiology of arthropods, through penetrating into tissues and
causing cell death, locomotor disability and dehydration (Najar-
Rodriguezetal., 2008), and also through interfering in the breathing
of the arthropods. It would be necessary to conduct a thorough
analysis on the oil constituents and their effect on ticks in order
to assert that there could be a possible toxic effect. However, it is
possible that the interference of the oil in tick physiology may have
caused the changes that were observed in the group treated only
with mineral oil in the present study. However, the action of the
mineral oil used singly is not satisfactory so that it is used alone in
R. microplus tick control.

Previous studies have shown the action of commercial prod-
ucts based on fungi from different tick species under laboratory

conditions (Lopes et al., 2007; Perinotto et al., 2012a,b; Marciano
et al., 2013). The product Metarril WP Organic, a wettable powder
alsobased onisolates ESALQ 1037 and ESALQ E9 of M. anisopliae was
tested against R. microplus ticks under laboratory conditions, and
it significantly reduced all parameters of eggs, larvae and females
when compared to aqueous control and oil control groups. Control
groups containing 1,3 and 5% oil showed 1.85, 6.59 and 16.34% con-
trol percentage, respectively; instead of the product formulations
containing 1, 3 and 5% oil showed 22.66, 85.26, 97.35% control per-
centage, respectively (Marciano et al., 2013). Similar results were
observed in other studies that evaluated oily fungal formulations
against ticks (Camargo et al., 2012; Perinotto et al., 2012b). These
studies demonstrated that the products marketed for the control of
agricultural pests can take action also against other parasites such
as ticks. Moreover, these results support the idea that the oil may
have an effect against ticks, however, it does not possess sufficient
efficacy to be used alone in the control of ticks, for this reason it
should be used as an adjuvant in fungal formulations.

5. Conclusions

It is believed that the standard deviations occurred in the field
assay have hampered the observation of difference between Metar-
ril and Oil control groups. However, there was significant reduction
in an average number of tick observed in relation to the Control
group, in addition to high efficacies caused by oil formulation of
product. Thus, it is believed that the association of the product
Metarril SP Organic with mineral oil is more effective in the control
of R. microplus than these used singly, and this association shows
potential for the biological control of cattle tick under field condi-
tions.

Acknowledgements

This research was supported by grants from the Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq) of
Brazil and Fundagdo Carlos Chagas Filho de Amparo a Pesquisa do
Estado do Rio de Janeiro (FAPER]) from Rio de Janeiro State, Brazil.
We also thank the Coordenacdo de Aperfeicoamento de Pessoal de
Nivel Superior (CAPES). Vania R.E.P. Bittencourt and Fabio B. Scott
are CNPq researchers. We thank the company Koppert Biological
Systems for providing the Metarril SP Organic used in the current
study.

References

Alonso-Diaz, M.A,, Garcia, L., Galindo-Velasco, E., Lezama-Gutierrez, R.,
Angel-Sahagtn, C.A., Rodriguez-Vivas, R.I, Fragoso-Sanchez, H., 2007.
Evaluation of Metarhizium anisopliae (Hyphomycetes) for the control of
Boophilus microplus (Acari: Ixodidae) on naturally infested cattle in the
Mexican tropics. Vet. Parasitol. 147, 336-340.

Bennett, G.F., 1974. Ovoposition of Boophilus microplus (Canestrini) (Acarida:
Ixodidae) I. Influence of tick size on egg production. Acarologia 16, 52-61.

Brasil, 2012. Ministério da Agricultura, Pecudria e Abastecimento, Legislacdo
relacionada aos produtos de uso veterinario, MAPA/ACS, Brasilia.

Butt, T.M.,, Jackson, C., Magan, N., 2001. Fungi as Biological Control Agents:
Progress, Problems and Potential. CAB International, Wallingford.

Camargo, M.G., Golo, P.S., Angelo, I.C., Perinotto, W.M.S., S4, F.A.,, Quinelato, S.,
Bittencourt, V.R.E.P., 2012. Effect of oil-based formulations of acaripathogenic
fungi to control Rhipicephalus microplus ticks under laboratory conditions. Vet.
Parasitol. 188, 140-147.

Camargo, M.G., Marciano, A.F,, Sa, F.A., Perinotto, W.M.S., Quinelato, S., Golo, P.S.,
Angelo, I.C., Prata, M.C.A,, Bittencourt, V.R.E.P., 2014. Commercial formulation
of Metarhizium anisopliae for the control of Rhipicephalus microplus in a pen
study. Vet. Parasitol. 205, 271-276.

Fernandes, E.K.K., Costa, G.L., Moraes, A.M.L., Zahner, V., Bittencourt, V.R.E.P., 2006.
Study on morphology, pathogenicity, and genetic variability of Beauveria
bassiana isolates obtained from Boophilus microplus tick. Parasitol. Res. 98,
324-332.

Fernandes, E.K.K., Bittencourt, V.R.E.P., 2008. Entomopathogenic fungi against
South American tick species. Exp. Appl. Acarol. 46, 71-93.


http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0005
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0010
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0020
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0020
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0020
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0020
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0020
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0020
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0020
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0020
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0020
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0020
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0020
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0020
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0025
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0030
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0035
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0040
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0040
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0040
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0040
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0040
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0040
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0040
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0040
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0040
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0040
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0040
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0040
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0040
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0040

42 M.G. Camargo et al. / Veterinary Parasitology 223 (2016) 38-42

Fernandes, E.K.K,, Bittencourt, V.R.E.P., Donald, W.R., 2012. Perspectives on the
potential of entomopathogenic fungi in biological control of ticks. Exp.
Parasitol. 130, 300-305.

Furlong, J., Martins, ].R.S., Prata, M.C.A., 2007. O carrapato dos bovinos e a
resisténcia: temos o que comemorar? Controle estratégico do carrapato dos
bovinos. A Hora Vet. 27, 53-56.

Grisi, L., Leite, R.C., Martins, J.R.S., Barros, A.T.M., Andreotti, R., Can¢ado, P.H.D.,
Leén, A.A.P., Pereira, ].B., Villela, H.S., 2014. Reassessment of the potential
economic impact of cattle parasites in Brazil. Rev. Bras. Parasitol. Vet. 23,
150-156.

Henderson, C.F., Tilton, EW., 1955. Tests with acaricides against the brown wheat
mite. J. Econ. Entomol. 48, 157-161.

Holdsworth, P.A., Kemp, D., Green, P., Peter, R.J., De Bruin, C., Jonsson, N.N., Letonja,
T., Rehbein, S., Vercruysse, J., 2006. World Association for the Advancement of
Veterinary Parasitology (W.A.A.V.P.) guidelines for evaluating the efficacy of
acaricides against ticks (Ixodidae) on ruminants. Vet. Parasitol. 136, 29-43.

Kaaya, G.P., Samish, M., Hedimbi, M., Gindin, G., Glazer, 1., 2011. Control of tick
populations by spraying Metarhizium anisopliae conidia on cattle under field
conditions. Exp. Appl. Acarol. 55, 273-281.

Leemon, D.M., Jonsson, N.N., 2008. Laboratory studies on Australian isolates of
Metarhizium anisopliae as a biopesticide for the cattle tick Boophilus microplus.
J. Invertebr. Pathol. 97, 40-49.

Leemon, D.M., Turner, L.B., Jonsson, N.N., 2008. Pen studies on the control of cattle
tick (Rhipicephalus (Boophilus) microplus) with Metarhizium anisopliae
(Sorokin). Vet. Parasitol. 156, 248-260.

Lopes, R.B., Alves, S.B., Padulla, L.F.L.,, Pérez, C.A., 2007. Efficiency of Beauveria
bassiana and Metarhizium anisopliae formulations on Amblyomma cajennense
(Fabricius, 1787) nymphae. Rev. Bras. Parasitol. Vet. 16, 27-31.

Marciano, AF,, Fiorotti, J.P., Souza, L.A., Camargo, M.G., Perinotto, W.M.S., Angelo,
I.C,, Gdlo, P.S., S§, F.A., Coutinho-Rodrigues, CJ.B., Quinelato, S., Bittencourt,
V.R.E.P., 2013. Efficiency in vitro of an oil formulation of Metarhizium anisopliae
sensu lato in the control of Rhipicephalus microplus. Rev. Bras. Med. Vet. 35
(Suppl. 2), 28-34.

Najar-Rodriguez, AJ., Lavidis, N.A.,, Mensah, R.K., Choy, P.T., Walter, G.H., 2008.
Evidence for an alternative mode of action and possible new control options.
Food Chem. Toxicol. 46, 3003-3014.

Ojeda-Chi, M.M., Rodriguez-Vivas, R.I,, Galindo-Velasco, E., Lezama-Gutiérrrez, R.,
2010. Laboratory and field evaluation of Metarhizium anisopliae
(Deuteromycotina: Hyphomycetes) for the control of Rhipicephalus microplus
(Acari: Ixodidae) in the Mexican tropics. Vet. Parasitol. 170, 348-354.

Perinotto, W.M.S., Angelo, I.C., Gdlo, P.S., Camargo, M.G., de S4, F.A., Monteiro,
C.M.O., Coutinho-Rodrigues, CJ.B., Quinelato, S., Marciano, A.F., Bittencourt,
V.R.E.P., 2012a. Efficiency of Beauveria bassiana commercial formulation in
control of Rhipicephalus microplus under laboratory conditions. Rev. Bras. Med.
Vet. 34 (Suppl. 1), 95-101.

Perinotto, W.M.S., Angelo, I.C., Gdlo, P.S., Camargo, M.G., de S4, F.A., Monteiro,
C.M.O., Coutinho-Rodrigues, CJ.B., Quinelato, S., de Paulo, J.F., Bittencourt,
V.R.E.P., 2012b. Efficiency in vitro of Beauveria bassiana commercial formulation
in control of Dermacentor nitens. Rev. Bras. Med. Vet. 34 (Suppl. 1), 83-88.

Quinelato, S.B., Golo, P.S., Perinotto, W.M.S,, Sa, F.A., Camargo, M.G., Angelo, I.C.,
Moraes, A.M.L,, Bittencourt, V.R.E.P., 2012. Virulence Potencial of Metarhizium
anisopliae s.l. isolates on Rhipicephalus (Boophilus) microplus larvae. Vet.
Parasitol. 190, 556-565.

Reis, R.C.S., Melo, D.R,, Souza, E/J., Bittencourt, V.R.E.P., 2001. A¢do in vitro dos
fungos Beauveria bassiana (Bals.) Vuill. e Metarhizium anisopliae (Metsch.)
Sorok. sobre ninfas e adultos de Amblyomma cajennense (Fabricius, 1787)
(Acari: Ixodidae). Arq. Bras. Med. Vet. Zootec. 53, 544-547.

Samish, M., Rot, A., Ment, D., Barel, S., Glazer, L., Gindin, G., 2014. Efficacy of the
entomopathogenic fungus Metarhizium brunneum in controlling the tick
Rhipicephalus annulatus under field conditions. Vet. Parasitol. 206, 258-266.

Sampaio, I.B.M., 2002. Estatistica Aplicada a Experimentac¢do Animal, FEPMVZ-
Editora, Belo Horizonte.


http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0045
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0050
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0055
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0060
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0065
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0070
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0075
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0080
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0085
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0090
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0095
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0100
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0105
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0110
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0115
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0120
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125
http://refhub.elsevier.com/S0304-4017(16)30108-X/sbref0125

	Metarhizium anisopliae for controlling Rhipicephalus microplus ticks under field conditions
	1 Introduction
	2 Material and methods
	2.1 Location and period of the experiment
	2.2 Cattle used in the experiment
	2.3 Formulations evaluated in the experiment
	2.4 Experimental design
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	Acknowledgements
	References


