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Introduction
Ticks are ectoparasites characterized mainly by blood feeding, 

independently of family, genus or species,1 and the species 
Rhipicephalus microplus causes substantial losses for beef and milk 
cattle due to spoliation of cattle and the high cost of current control 
techniques.2‒4 These parasites have a lifecycle in the host and another 
in the pasture, and only females fill with blood, after they release 
themselves from the host and fall to the ground, where they seek a dark 
and humid place, suitable to lay their eggs.5 The weather conditions 
in Brazil contribute to the development of the ectoparasite, allowing 
ticks populations to be virtually established in the entire country.6 The 
chemical control is currently the preferred for the combat of ticks; 
however, the incorrect use of this method favors the occurrence of 
multiple or cross resistance.7,8 In addition, the permanence of residues 
in animals and their products, thereby, alternatives to the control of 
this parasite are highly relevant.9

There are several natural enemies that contribute to the control of 
this parasite in the host or in the soil, such as fungi, bacteria, vertebrate 
and invertebrate animals, which have already been identified for 
use in biological control.10 Particularly, fungi show a series of 
favorable factors that make them an excellent choice for the control 
of ectoparasites. They are able to affect insects and mites, some are 
very virulent, and are of broad spectrum, infect different stages of 
development of the parasites such as eggs, larvae, pupae, nymphs and 
adults, what are desirable and particular features of the group.11

Unlike other micro-organisms, fungi do not need to be ingested 
by the host for infection. If only they have contact with the target, 

their conidia can germinate.12 The ease of propagation, production 
in artificial means, dispersal, lack of environmental pollution and 
toxicity to humans among other bodies, make fungi highly efficient 
agents for tick’s control.13 Agribusiness represents one-third of 
Brazilian gross domestic product (PIB), and in this sense, the cattle 
raising represents one of the main branches, once Brazil is amidst 
the largest producers of meat and dairy products. In opposite, one of 
the main limitations for Brazilian cattle breeding is the economic loss 
occasioned by ticks.13,9

The use of chemicals in sub and overdose, inadequate preparations 
and applications, beyond other factors, cause ticks do survive after the 
contact with the product. Once ticks survive a chemical application, 
these will transfer genetic information to subsequent generations 
regarding resistance to that product.14 The exclusive use of acaricides 
is each day less feasible in practical and economic terms, making 
necessary exploring alternative methods for such control systems.15 
Researches aimed at assessing the potential of entomopathogenic 
fungi are essential in order to understand the efficiency difference of 
the isolates and choose the most suitable for its use in tick’s biocontrol 
programs.11 Thus the present study aimed to isolate, identify and select 
efficient strains in the biological control of Rhipicephalus microplus 
at the tropics.

Methods
Representative random samples of soil and Brachiaria brizantha 

were obtained on the premises of the cattle sector of the Federal 
Goiano Institute (IF Goiano), campus Ceres. The region is located in 
the State of Goiás, Central-Western Brazil. The sampled area has a 
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Abstract

Rhipicephalusmicroplus is an ectoparasite that causes significant losses to livestock 
due to spoliation of cattle and the high cost of current control techniques. The control 
of this parasite is chemically accomplished, but the incorrect use of this method is 
causing resistance in this species. An alternative to control would be the use of fungi, 
as they do not need to be ingested by the host, being only necessary to have contact with 
the target such that it can grow and colonize. Thus, the present study aimed to isolate, 
identify and select efficient fungal strains in the biological control of Rhipicephalus 
microplus in tropical weather, such as found in Brazil. Soil and Brachiaria brizantha 
forage samplings were carried out for isolation, quantification and identification of 
fungal species. Engaged females of R. Microplus were collected for the bioassay of 
colonization rate, hatchability of eggs and production of mycotoxins. A total of 2x10-3 
CFU g-1 fungi were found and five genera were identified. Aspergillus spp. was the 
most frequent genus amidst the isolates obtained from both environments. The forage 
presented a greater amount of fungal colonies. g-1 when compared to the soil. We 
identified entomopathogenic, saprophytic, pathogenic and keratinophilic species with 
biotechnological potential as well as for use for biological control. Aspergillus was 
the most prevalent genus in both soil and forage of tropical regions. Elevated fungal 
variety was observed in the ecosystems we studied. Metarhizium anisopliae efficiently 
colonized the parasites in an 80% rate, and differed from other treatments (p<0.01). 
These study open doors for investigations concerning the evaluation of other fungi 
colony counting’s, forms of manipulation and other bioassays.
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typical dystrophic red latosoil, cultivated with Brachiaria brizantha. 
The forager studied was not under animal grazing.

The material sampled was homogenized according to each 
treatment, for subsequent removal of a subsample of 1 g. The 
subsamples were added sterile distilled water at a ratio of 1:10 (final 
volume of 10mL), serially, until 10-5 dilution was reached. A 1mL 
aliquot was taken from the last dilution, and inoculated into Petri 
dishes containing Potato Dextrose Agar culture medium (BDA, 
Difco, USA). The solution was spread-plated with the help of a sterile 
drigalsky strap. Then, the plates were incubated at 37°C for growth 
and sporulation of fungi, for up to 15days.

A Metarhizium anisopliae strain (reference fungus in biological 
control of ticks) was purchased and multiplied in the same means of 
culture in the laboratory of the IF Goiano, Ceres. We also evaluated 
strains of Aspergillus spp. from the rumen of cattle reared in extensive 
grazing system, ceded from the Federal University of Minas Gerais 
(UFMG).16 The colonies developed were quantified (colony forming 
units-CFU) and a representative of each morpho type was grown in 
solid media and separated for later manipulation and identification. 
The identification was based on macroscopic characteristics of the 
colony, such as color, shape and appearance, as well as microscopic 
and reproductive structures, through the technique of slide culture.17 
Metarhizium anisopliae isolates (conidiophores in compact columns; 
globose elongated or rod-shaped conidia; green colony, green yellow, 
gray or yellowish white) was also grown in solid media and separated, 
along with the other obtained fungi and stored in the collection by the 
technique of Castellani.

Samples of engaged females (soft ticks) of the species 
Rhipicephalus microplus were collected randomly from cattle of 
Ceres-GO and brought to our laboratory. Subsequently, each parasite 
was collected and separated by weight for the bioassay. Each individual 
represented a repeat. Each fungal strain evaluated consisted in a 
treatment. Solutions of the fungal isolates obtained were standardized 
according to the McFarland scale 3 (concentration: 1011 conidia mL-1). 
The conidia were scraped from the surfaces of the plates containing 
the fungus and resuspended in sterile distilled water with two to three 
drops of Tween 20 surfactant.16 The control treatment (negative) was 
represented by sterile distilled water sprinkling in the experimental 
units.

The female sticks were stored inside petri dishes (90×90×90cm) 
and individually plated with 10µL of a standardized solution for 
the inoculum of the respective fungi. Each fungus was sprayed in 
5 experimental units. After spraying, the boards were incubated at 
26ºC and followed to a 12h photo phase. Readings were taken for 
determining capacity for colonization and antagonism of inocula 
every five days until the 30th day after the treatment. Dead ticks were 
quantified by observing the Mycelial growth and conidiogenesis in 
the surface of the parasites and the rate of colonization was measured 
qualitatively by visual observation (-, +, ++, +++), methodology 
adapted from Leo et al. After, we determined the mortality rate for 
each treatment.

We also evaluated the antagonist activity against eggs. We 
performed the asepsis of the cuticle of the females of R. Microplus, 
using a 1% sodium hypochlorite solution, and then we fitted them 
out at room temperature to obtain eggs. The posture of eggs until 
the 10th day was weighed on aliquots of 50mg, packed in sealed test 
tubes with cotton wool and kept in a heated chamber. An aliquot of 

1 mL of suspensions of fungal spores were added to the tubes, and 
the eggs were exposed for three minutes. Following, the tubes were 
reversed so that the excess of suspension was absorbed by the cotton 
that was sealing the tubes. The groups were incubated at 27±1ºC 
(humidity≥80%). The percentage of hatching of each group was 
evaluated every five days until the 30thday after the treatment. Each 
isolated obtained was evaluated as the production of mycotoxins as 
described by Abrão FO et al.16

The experimental design was completely randomized, using 
exploratory analysis for all variables analyzed, in order to verify and 
normality through the Liliefors and Bartlett tests. Non-parametric 
variables were compared by Kruscall-wallis test or Mann-Whitney, as 
need (p=0.05). All analyses were carried out in the statistical package 
ASSISTAT 7.7 Beta.18

Results
The forage of this study showed the highest CFU.g-1 counting’s, 

and differed statistically from soil samples (p< 0.05) (Figure 1). 
During the experiment we quantified an average of 2.0 x 103CFU g-1 
fungi and identified the genus Aspergillus, Gliocadium, Paecilomyces, 
Trichoderma, Trichophyton and Scedosporium (Table 1). Regarding 
the capacity for colonization of females (Table 2), M. anisopliae 
colonized the parasites with 80% efficiency, and differed statistically 
from other treatments (p<0.01). However, the parasite was colonized 
by other genera such as Aspergillus.

Figure 1 Number of CFU.g-1 in different sampling locations. Medium followed 
by distinct letters, differ by the Mann-Whitney test a 1% probability.

The colonization of the tick was observed between 48 and 72h after 
infection, being characterized by the presence of fungal structures on 
the parasite (Figure 2). Shortly after the death of engorged females, 
the first points of fungus growth externally were observed, as well as 
the fungal mycelium on the parasites, and the growth reached all the 
body of the female. The conidiogenesis began between the 8th and 
10th days after the infection. The treatment with M. Anisopliae conidia 
resulted in high production of conidia, what was not observed in other 
treatments. Regarding the colonization rate of eggs, unexpectedly, 
we did not notice any antagonist activity. Other studies should be 
conducted in order to elucidate this observation, once M. Anisopliae 
was expected to be efficient. Mycotoxin production was observed 
only in two isolates, Aspergillus spp. (strain S1) and Trichophyton 
spp. (strain F6).
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Figure 2 Colonization of engorged females of Rhipicephalus microplus by fungi 
isolated.

Table 1 Distribution of the genera of fungi, identified by microculture 
technique, isolates of Brachiaria brizantha and latosol

Genera B.brizantha* Soil

Aspergillus 5 4

Gliocladium 1 0

Paecilomyces 1 0

Trichoderma 1 0

Trichophyton 1 0

Scedosporium 0 1

Mycelia Isterina 1 0

Total 10 5

*Brachiaria brizantha

Table 2 Rate of colonization of engorged females of Rhipicephalus microplus subjected to treatment with their fungal isolates

Isolated Origin Mass of females (g) Colonization rate (%) Mortality (%)

Metarhizium Anisopliae Commercial 1,07 80 a* 80 a*

Aspergillus Fumigatus(R1) Rumen 1,03 4 b 60 b

Aspergillus spp.(F1) Forage 1,02 20 b 20 b

Aspergillus spp.(S1) Latosol 1,04 7 b 60 b

Aspergillus Terreus(S2) Latosol 1,04 20 b 40 b

Aspergillus spp.(F2) Forage 1,02 7 b 20 b

Aspergillus Terreus(F3) Forage 1,08 8 b 0 b

Aspergillus Terreus(R2) Rumen 1,03 0 b 20 b

Aspergillus spp.(S3) Latosol 1,08 6 b 60 b

Trichoderma spp.(F4) Forage 1,09 18 b 0 b

Scedosporium Prolificans (S4) Latosol 1,08 7 b 20 b

Aspergillus Terreus(F5) Forage 1,06 0 b 20 b

Trichophyton spp.(F6) Forage 1,06 0 b 0 b

Aspergillus spp.(R3) Rumen 1,04 0 b 0 b

Aspergillus Terreus(F7) Forage 1,07 0 b 0 b

Negative Control H2O 1,05 0 b 0 b

Averages followed by the same letter in column does not differ statistically by Kruskall-Wallis at 5% probability. *indicate statistically (p value=0,05) different 
from the other fungus

Discussion
Among the factors that may have contributed to the low fungal 

counting’s from soil samples, according to Klich,19 include the reduced 
floristic diversity, abiotic factors and inadequate management of the 
explored areas. The greatest diversity of fungal genera in forage can 
be related to the moisture content.20 Was observed abundance of fungi 
in soil-derived material and air that was dead or senescent, developing 
specifically in native grasses on saproling form.21 Considering the 
presence of saprophytic genera in this environment, authors described 

that the presence of fungi in forages can be related to parasitism, 
reflecting diseases or saprophytismon plant.22

The correct management of soil and crops may influence the 
dynamics of populations of soil organisms, and crop rotation, 
cultivation in coverage, use of manures are practices that supports a the 
diversity of the population in soils.23 Entomopathogenic, pathogenic, 
saprophytes and keratinophylic species are present in the ecosystems 
we studied here. In spite of the nutrient poor environment in which 
they were obtained, we observed a great diversity of fungal organisms, 
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including species with potential for showing use in biological control 
programs, such as Trichoderma spp.

Aspergillus was the most prevalent genus, corroborating with the 
results obtained by Borges et al. All genera we identified here are 
commonly found in soil of forests, fields, sandy soils or cultivated 
areas.24 Other studies should be conducted seeking to evaluate other 
fungi concentrations, forms of manipulation, among other parameters, 
as it was possible to observe Apergillus spp. strains with significant 
antagonist activity, although it is not statistically similar to the positive 
control, suggesting a biologically relevant tendency.

Wasassessed the mechanism of infection by M. Anisopliae in 
experimental conditions and observed that the fungus is able to 
invade and colonize R. Microplus when viable conidia are sprayed, 
occurring the penetration of the fungus in the cuticle of the parasite.25 
In surveys conducted by Kaaya & Garcia26,27 it was described that 
suspensions of M. Anisopliae in high concentrations resulted in 
considerable reduction in egg hatching rate of engorged female ticks, 
when compared to the control.

Authors reported the formation as one of the major points of the 
penetration of entomopathogenic fungi in the tegument of the host, 
and its formation is associated to the intense metabolism required 
for the synthesis of exoenzymes involved in the degradation of the 
cuticle.25 We have not noticed the penetration in natural openings of 
the tick (mouthparts, respiratory spiracles, anal and genital orifices), as 
described in bugs infected with several species of fungi, corroborating 
the results found by Garcia.27 In a similar study, reported the anal 
penetration of Aspergillus ochraceus in engorged female tick R. 
Sanguineus.28

In this sense the tegument penetration becomes an interesting 
feature in the choice of fungi that can be explored for the control of 
arthropods, considering that the sucking mouthparts of the arthropod 
are inserted in the body of its host, making it not feasible to oral 
infection.3 The time required for germination and penetration in the 
host is also an important feature for the choice of the strains. 

According to Iamanaka29 the fungal genera most commonly 
associated with toxins are Aspergillus, Penicillium and Fusarium, 
being the first and the last distinguished by contaminated agricultural 
products and/or foodstuffs, and also for the production of secondary 
metabolites, mycotoxins, which and may cause harms in humans and 
animals.30

Conclusion
Under the conditions of this experiment, Aspergillus fungus most 

prevalent both in the soil and in tropical regions forage. High fungal 
diversity is observed in the ecosystem. M. Anispliae is the female 
antagonist engorged of R. Microplus, therefore the effective agent in 
cattle tick biocontrol in tropical regions. In the current study, no other 
fungus was superior to Metarhizium anisopliae, a reference fungus 
currently used in biological control of ticks.31‒37
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