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Abstract
Mycoacaricides represent a promising alternative for managing resistant tick popula-
tions. This study evaluated the efficacy of corn oil–based Cordyceps javanica formula-
tions against non-parasitic stages the southern cattle tick Rhipicephalus microplus under 
laboratory and semi-field conditions. Additionally, fungal persistence in soil and possible 
alterations in soil composition were assessed using ATR-FTIR spectroscopy combined 
with chemometric analysis. Corn oil (1%, 3%, and 5%) combined with 0.01% silicone 
oil did not affect conidial germination (> 98.4%). Corn oil and C. javanica suspensions 
alone yielded larval average mortality of 20.1% and 18.8%, respectively, 15 days after the 
treatment. When formulated in corn oil, averages of larval mortality ranging from 64.1% 
on day 5 to 100% on day 15, indicating a synergistic effect between fungus and oil. Corn 
oil alone resulted in a female tick control percent ranged from 20.5 to 73.3%, while the 
fungus alone achieved 28.2% and 14.9% control at 10⁷ and 10⁸ conidia/mL, respectively. 
All fungus–oil formulations significantly reduced female reproductive efficiency, achiev-
ing 90–100% tick control. Under semi-field conditions, the 10⁸ conidia/mL + 3% corn oil 
formulation reduced larval recovery from Urochloa decumbens pots by 98.6% compared 
to the oil and silicone control. Thirty days after application, C. javanica persisted in soil at 
2.1 ± 0.3 × 10⁵ CFU/g (39.4% recovery). ATR-FTIR analysis showed no detectable altera-
tions in the soil’s chemical profile following application of any formulation. These results 
highlight the potential of oil-based C. javanica formulations as an effective and sustainable 
tool for integrated tick management in livestock systems.
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Introduction

Rhipicephalus microplus is an ectoparasite of great importance in livestock farming, espe-
cially for cattle, due to the damage caused to meat and dairy productivity and the potential 
for transmission of pathogens (da Silva et al. 2013; Klafke et al. 2024). Currently, R. micro-
plus control is performed by synthetic acaricides, however, the improper use of this method 
has led to the selection of resistant tick populations (Klafke et al. 2024), including multiple 
resistance to different classes of acaricides (Reck et al. 2014; Dzemo et al. 2022). This sce-
nario drives the search for sustainable control alternatives.

Entomopathogenic fungi such as Beauveria spp. and Metarhizium spp. have been studied 
as alternatives for tick control under both laboratory and field conditions (Beys-da-Silva et 
al. 2020; Camargo et al. 2014; 2016; Meirelles et al. 2023; Mesquita et al. 2020; Marciano 
et al. 2021; Castro-Saines et al. 2024). These fungi act as natural control agents by infecting 
and colonizing the host, leading to the parasite’s death and reducing the tick population. 
Recent studies demonstrate the high efficacy of oil-based formulations with these fungi 
(Barbieri et al. 2023). Some authors discuss the oil action on the cuticular adhesion of the 
fungus, which may contribute to its effectiveness and persistence on tick surfaces (Camargo 
et al. 2012; Marciano et al. 2020, 2021; Mesquita et al. 2020).

Another entomopathogenic fungus, Cordyceps spp., formerly known as Isaria, has been 
shown potential as a biological agent for tick control (Angelo et al. 2012; Wang et al. 2023). 
Lee et al. (2022) screened various Cordyceps isolates against the tick Haemaphysalis lon-
gicornis and found that Cordyceps militaris produced bioactive compounds with antipara-
sitic properties. Similarly, Cordyceps sp. has demonstrated significant virulence against R. 
microplus, with conidia formulations effectively reducing tick larval densities under both 
laboratory and field conditions (Angelo et al. 2012; Wang et al. 2023). This is supported by 
the findings of Lopes et al. (2023), who investigated the diversity of anamorphic Cordyceps 
spp. from Brazilian agricultural sites, highlighting the fungi’s broader biocontrol potential.

Several studies have investigated the use of oil-based formulations combined with ento-
mopathogenic fungi for tick control (Nogueira et al. 2020; Camargo et al. 2016; Muniz et 
al. 2020; Marques et al. 2019). One of the main purposes of these formulations is to protect 
fungal conidia from abiotic stressors such as solar radiation, high temperatures, and desic-
cation, thereby enhancing their persistence and efficacy under field conditions (Murillo-
Alonso et al. 2023). Additionally, the effectiveness of fungal conidia in adhering to the 
arthropods’ cuticle increased with oily adjuvants (Beys-da-silva et al. 2020; Nogueira et al. 
2020). Kim et al. (2011) formulated Cordyceps fumosorosea conidia using corn oil, demon-
strating improved long-term storage stability and enabling its use in the biological control 
of the whitefly Trialeurodes vaporariorum. In addition to these adjuvants, silicone oil has 
also been used for herbicides, insecticides, and acaricides as it improves the spreadability of 
active components, also impacting the physiology of arthropods by promoting asphyxiation 
(Cowles et al. 2000; Chen et al. 2022). A field trial by Barbieri et al. (2023) demonstrated that 
Metarhizium anisopliae mineral oil-based formulations (2.5% mineral oil + 0.01% silicone 
oil) effectively reduced R. microplus infestations in cattle; one of the formulations achieved 
up to 66% efficacy by day 21. Although these adjuvants enhanced fungal performance, it is 
equally important to assess their potential environmental impact. Oil residues, particularly 
those derived from mineral sources, may alter soil structure and microbial activity (Tamada 
et al. 2012; Klamerus-Iwan et al. 2015; Polyak et al. 2023). On the other hand, vegetable 
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oils can offer advantages over mineral oils due to their renewable and biodegradable nature, 
which can reduce long-term environmental impact and ensure a more sustainable approach 
(Siniawski et al. 2007; Rosado-Aguilar et al. 2017; Lee et al. 2022).

The present study aimed to test the compatibility of different formulations based on corn 
vegetable oil and silicone oil with the fungus C. javanica, as well as their efficacy in con-
trolling the non-parasitic stages of the tick R. microplus under laboratory and semi-field 
conditions. Additionally, the persistence of the fungus in the soil was assessed. ATR-FTIR 
spectroscopy combined with chemometric techniques was also employed to detect the pres-
ence of silicone and to investigate potential alterations in the soil profile resulting from the 
field application of the different formulations. The C. javanica isolate BRM 27,666 used in 
our study originates from the commercial product Lalguard® C99, which was registered for 
the control of the whitefly Bemisia tabaci in 2022, following seven years of collaborative 
research between Embrapa and Lallemand Plant Care Brazil (Patos de Minas, MG) (BRA-
SIL 2022). This product has demonstrated high efficacy in managing whitefly populations 
across commercial cropping areas in all regions of Brazil (Boaventura et al. 2021, 2025).

Materials and methods

Rhipicephalus microplus ticks

Rhipicephalus microplus ticks used in the experiments originated from the Laboratory of 
Microbial Control of Arthropods of Veterinary Importance of Federal Rural University of 
Rio de Janeiro (UFRRJ). Tick larvae (Porto Alegre strain, known to be susceptible to syn-
thetic acaricides) were used to artificially infest calves, in accordance with the protocol 
approved by the Ethics Committee on the Use of Animals (CEUA) of the Veterinary Insti-
tute (IV) of UFRRJ, Brazil (protocol number 9714220419). The animals were housed in 
dedicated pens at the Experimental Station for Parasitological Researchers, Wilhem Otto 
Neitz (EEPPWON) of UFRRJ. Fully engorged females were collected directly from the 
pen floors 21 days post-infestation, washed with tap water, and then immersed in a 0.05% 
sodium hypochlorite solution for three minutes. After disinfection, the females were dried 
and divided into groups with homogeneous weights for the corresponding treatments. Part 
of the engorged females was used directly in bioassays with adult ticks, while the remainder 
was maintained to obtain larvae from their oviposition, which were subsequently used in 
separate larval bioassays.

Fungal strain

The Cordyceps javanica isolate BRM 27666 was obtained from Bemisia tabaci nymphs 
infected in soybean fields in Porangatu, Goiás, Central Brazil. The isolate is preserved in the 
Invertebrate Fungal Collection at Embrapa Rice and Beans, Santo Antônio de Goiás, Brazil, 
and was identified as C. javanica by Lopes et al. (2023).

Aerial conidia of C. javanica were suspended in sterile distilled water containing 0.01% 
(v/v) polyoxyethylene sorbitan monooleate (Tween 80®, Vetec Fine Chemicals LTDA, Bra-
zil). The fungal concentration was adjusted to 1 × 108 conidia/mL using a hemocytometer. 
Before the assay, conidial viability was determined by plating a 10 µL aliquot of a 1 × 105 
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conidia/mL suspension on potato dextrose agar medium (PDA) and incubating at 25 ± 1 °C 
and relative humidity (RH) ≥ 80%. Germination of propagules was determined 24 h after 
incubation. An aliquot of 10 mL of fungal suspension was inoculated into spawn bags with 
1 kg of rice and 300 mL of 0.5% pre-autoclaved peptone solution (Santi et al. 2011). The 
rice bags were stored at 25 ± 1 °C and RH ≥ 80% for 21 days. The fully colonized substrates 
were then washed with sterile distilled water containing 1% Tween 80, sieved, and used in 
the experiments.

Effect of corn and silicone oils on Cordyceps javanica conidial germination

Formulations were prepared by sequentially adding the following components: 1% Tween 
80 aqueous solution, fungal conidia (1 × 10⁵ conidia/mL), 1%, 3%, or 5% corn oil, and 
0.01% silicone oil (Silicone®, Loja Synth, Brazil). Formulations were incubated for one 
hour to assess whether pre-application exposure to corn oil and silicone oil could compro-
mise fungal viability.

To assess fungal viability in the formulations, the oil phase of the emulsions was 
removed prior to inoculation onto PDA using 100 µL of Solub’Oil (General Chemicals®, 
Brazil), according to Paixão et al. (2017). The suspensions were prepared according to the 
percentage of corn oil and a fixed concentration of silicone oil, all with a final volume 
of 2 mL. Conidia were washed with an aqueous Solub’Oil solution and then transferred 
to a 15 mL centrifuge tube. Samples were vigorously shaken for 2 min and centrifuged 
(Daiki DT-4500, IonLab, Brazil) at 1578 g for 5 min. The supernatant was discarded, and 
conidia were resuspended in 1% (v/v) Tween 80® aqueous solution. Fungal germination was 
assessed by plating 20 µL of each conidial suspension of each treatment on PDA supple-
mented with 0.002% (w/v) benomyl. The low concentration of benomyl prevents excessive 
growth of the germ tube without negatively affecting the germination process, allowing 
the counting of germinated and non-germinated conidia. The plates were then incubated at 
25 ± 1 °C and RH ≥ 95%. Conidial germination was evaluated by microscopy (400×; E200, 
Nikon®, Japan) 24 h and 48 h post-incubation. All treatments were tested in triplicate, and 
the experiment was repeated three times.

In vitro bioassay with Rhipicephalus microplus larvae

The virulence bioassay with tick larvae was conducted according to Camargo et al. (2012). 
Ten glass test tubes (15 mL each) were used per group, containing approximately 1000 
larvae (50 mg of R. microplus eggs) in each tube. The eggs were previously incubated at 
27 °C ± 1 °C and RH ≥ 80% for 15 days until larval hatching. The tubes with less than 95% 
hatchability were discarded. The treatments were arranged in thirteen groups, as follows: 
Controls – two groups (Control 1–1% aqueous suspension of Tween 80; Control 2 – emul-
sion containing 0.01% silicone and 1% Tween 80), Oil-only groups – three groups (Corn oil 
at 1, 3 and 5% emulsified with 1% Tween 80 and 0.01% silicone oil); Fungus-only groups 
– two groups (C. javanica at 1 × 10⁷, and 10⁸ conidia/mL, each prepared in a 1% aqueous 
suspension of Tween 80). Fungus + oil groups – six groups (C. javanica at 1 × 107 and 108 
conidia/mL combined with corn oil at 1%, 3%, and 5%, all emulsified with 1% Tween 80 
and 0.01% silicone oil). Each group of larvae was immersed in 1 mL of each treatment for 
3 min. The test tubes were then inverted to remove excess conidial suspension/formula-
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tion, allowing absorption through a cotton plug. All treatments were incubated at 25 ± 1 °C 
and RH ≥ 80%. Larval mortality was assessed every five days for 15 days. Each treatment 
was performed in triplicate, and the entire experiment was repeated three times using new 
conidial suspensions each time.

In vitro bioassay with Rhipicephalus microplus engorged females

Rhipicephalus microplus engorged females were weighed individually and divided into 
homogeneous weight classes (all groups had females weighing from 0.1400 to 0.2150 g). 
The treatments were similar to those described above for larvae, except for control 2, which 
consisted of an emulsion containing 0.01% silicone and 1% Tween 80. For each treatment, 
10 engorged tick females were used, with each tick considered an independent experimental 
unit. The ticks were individually submerged for three minutes in 1 mL of each treatment. 
Then, each female was placed in Petri dishes (90 × 15 mm) and incubated at 25 ± 1 °C and 
RH ≥ 80%. The egg mass of each female was collected, weighed, stored individually in a 10 
mL injectable glass vial, and incubated at 25 ± 1 °C and RH ≥ 80%. The evaluated param-
eters included larval hatching percentage, egg production index (EPI), nutritional index 
(NI) (Bennett 1974), and the percentage of tick control (CP). The reproductive efficiency 
(RE) was determined to calculate CP, with EPI and NI derived from the ratio of egg mass 
to initial weight of engorged females, and CP calculated as the reduction in RE of treated 
groups compared to controls (Drummond et al. 1971; Camargo et al. 2012). Tick females 
were considered dead when they failed to respond to stimulation, presented a darkened or 
shriveled cuticle, and/or exhibited visible mycelial growth on the body surface. The bioas-
say was repeated three times, using new conidial suspensions each time.

Semi-field bioassay with Rhipicephalus microplus females

Fifty plastic pots (22 cm height and 24 cm width) were filled with a substrate consisting 
of one-third sand and gravel for water drainage and two-thirds non-sterile soil conditioner 
composed of peat, crushed pine bark, wood sawdust, vermiculture, rock dust, decomposed 
plant, and forest organic matter (Natussolos do Brasil LTDA®, Brazil).

Commercial Urochloa decumbens seeds Stapf (Poales: Poaceae) cv. Marandu (Wolf® 
Seeds do Brasil, Brazil) encrusted with antifungal coating formulation (Maxim XL, Fludiox-
onil Metalaxyl-M) (Hochst. Ex A. Rich.) were sown into soil conditioner. The pots were 
placed in an outdoor area of the EEPPWON of UFRRJ (Seropédica, RJ, Brazil; 22°44′S and 
43°42′W) from May to October 2024. They remained exposed to direct sunlight until 3:00 
p.m., receiving partial shade for the rest of the day. The plants were grown for 110 days prior 
to treatment with daily irrigation and regular monitoring to ensure uniformity. According 
to the Brazilian National Institute of Meteorology, during the experimental period (post-
treatment), weekly mean temperatures ranged from 24.1 °C to 27.2 °C, and weekly mean 
relative humidity ranged from 57% to 75%.

 Based on the in vitro results of the bioassay with larvae and engorged females of R. 
microplus, the 3% corn-oil formulation was selected for the semi-field test. Five groups with 
ten pots each were tested: (I) Control 1–1% aqueous suspension of Tween 80, (II) Control 2 
– emulsion of 0.01% silicone oil and 1% Tween 80, (III) 3% Corn oil in 1% Tween 80, (IV) 
3% Corn oil in 1% Tween 80, and 0.01% silicone oil, (V) Fungus at 1 × 108 conidia/mL + 3% 
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corn oil in 0.01% silicone oil in 1% Tween 80. For treatment application, 100 mL of each 
formulation was applied using a small low-volume hand sprayer (1.2 L Pre-Compression 
Spray Nozzle, Guarany®; Brazil) designed to ensure homogeneous coverage over the entire 
soil surface. The fungal concentration used in group V was equivalent to 2.21 × 107 conidia/
cm2. On the same day, after the application, three completely engorged females, with homo-
geneous weight, were placed on each of the 50 grass pots. The pots were surveyed daily for 
female oviposition and larval hatching. The larvae were collected from the tops of the U. 
decumbens leaves and counted starting 38 days after the fungal treatment. The leaves were 
cut, and larvae were collected from the cut grass material, frozen and counted. The pots 
were then surveyed daily until no more larvae were observed.

Persistence of Cordyceps javanica in the treated soil

Soil samples were collected from each pot (Controls [I and II] or treated [III, IV and V]) at 
three time points: collected at 24 h before treatment, 24 h after, and 30 days after treatment. 
Soil was collected with a spatula from three random points in each pot to a depth of no more 
than 5 cm and combined into a single homogeneous sample. A portion of soil (0.35 ± 0.05 g) 
place it in a 1.5 mL microtube with 1 mL of 0.01% Tween 80 sterile distilled water solution. 
Fifty microliters of this homogenized suspension were plated on CTC medium (Fernandes 
et al. 2010) (PDA supplemented with 0.25 g/L of cycloheximide, 0.01 g/L of thiabendazole, 
0.05 g/L of chloramphenicol), using a Drigalski handle (one plate per pot per date). The 
number of C. javanica colony forming units (CFUs) per gram was determined based on 
the number of C. javanica colonies observed in each Petri dish, considering samples from 
all 10 pots. Colonies of C. javanica were re-isolated from each plate, transferred to PDA 
medium, and identified based on colony morphology, color, background, and conidial shape 
(Humber 2012).

Analysis of soil samples by attenuated total reflection fourier transform infrared 
spectroscopy (ATR – FTIR)

Soil samples from the U. decumbens pots (50 g from each pot) were collected from each 
treated pot (Aqueous control - I; Silicone oil control - II; Oil control 3% - III; Oil control 3% 
and silicone oil - IV; and Fungus formulated - V) and homogenized (final weight of ~ 500 g 
per treatment). Thirty soil samples were analyzed considering: five treatment groups, three 
dates of sampling (24 h before the treatment, 24 h and 30 days after the treatment), and 
two replicates per treatment. The soil samples (= 250 g) were freeze-dried (LIOTOP L101, 
Series 62215, Liobras®, Brazil) for 10 days. One gram of each lyophilized sample was used 
for the analysis.

The spectra were recorded in the 4.00 to 4.000 cm− 1 region at a 4 cm− 1 resolution. For 
this purpose, a (VERTEX 70/70v FTIR spectrometer, Bruker Corporation®, Germany) was 
coupled to a platinum diamond attenuated total reflection device (ATR), in which the dia-
mond disk functioned as an internal reflection element. The lyophilized soil samples were 
placed in the ATR crystal to record the spectra. An air spectrum was recorded and used as 
a blank before each analysis. The spectra were collected at a room temperature of approxi-
mately 25 °C. The spectra were collected using OPUS-Bruker software. The spectral work 
was performed using the ACD/Labs Software v.2020.1.1. A total of 38 ATR-FTIR spectra 
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were obtained, comprising 30 soil samples from previously described treatments, six sam-
ples consisting of two replicates of commercial standard silicone added to soil from aqueous 
control group (1:1; MIX) from tree different times (collected at 24 h before treatment, 24 h 
after and 30 days after treatment), and two reference spectra acquired directly from the pure 
silicone standard (Sigma-Aldrich®,USA ). All the spectra were subjected to baseline correc-
tion, and a Savitzky–Golay smoothing algorithm was applied to increase the signal-to-noise 
ratio. Characteristic bands were identified by plotting the peak positions with the PeakPick-
ing tool (Prieto García et al. 2016).

Chemometric analyses of ATR-FTIR spectral data

The ATR-FTIR spectra loadings generated a 38 ⋅ 3997 matrix of samples. The ATR-FTIR 
matrix was displayed as a line plot for visual inspection and subsequently transformed 
through “normalization”, “smoothing-Savitsky-Golay”, and baseline correction (that is, an 
offset-linear baseline correction). The transformed matrix was plotted using the matrix color 
tool.

The average spectra were obtained using the descriptive statistics tool and plotted in line 
form after accessing the results matrix. The matrix corresponding to the average spectra for 
each soil type was then added to the original matrix to perform a multivariate data analysis. 
The standardized matrix was used to perform a principal component analysis (PCA). A total 
of seven components and automatic outlier detection were used in the PCA model. A non-
linear iterative partial least squares (NIPALS) algorithm and cross-validation were applied. 
The scores and loadings were graphed separately, where the loadings were plotted in line 
form to visualize the weights as a spectral pattern.

Statistical analysis

Data were checked for normality using a Shapiro–Wilk test. A 4-sample test for equality of 
proportions without continuity correction was conducted to compare the germination rates 
across the different groups (fungal suspension without oil, and 1%, 3%, and 5% corn oil fun-
gal formulations) at both time points (24 h and 48 h after incubation). The in vitro bioassay 
with larvae and engorged females, and the analysis of adult ticks’ survival had non-normal 
distributions and were analyzed with Kruskal–Wallis followed by Dunn’s test in Graph-
Pad Prism version 8.4.2 for Windows (GraphPad Software, USA). Mortality curves for R. 
microplus females were adjusted according to a nonlinear Weibull model and compared 
using the Chi-square test (P < 0.05). This nonparametric statistical method was used for the 
comparison of two unpaired groups to verify whether or not they belong to the same popu-
lation, and when the requirements for the application of the Student’s t-test were not met. 
To estimate the median lethal time (LT50), the Weibull model was fitted, and values were 
compared by the overlapping of their 95% confidence intervals (95% CI) using the package 
“drc 3.0–1”. The LT50 was not estimated for treatments where mortality did not reach 50%.

Larval recovery from the bioassay under semi-field conditions and the persistence of 
C. javanica in the soil had normal distributions. CFU persistence of C. javanica data were 
analyzed using one-way ANOVA followed by a t-test (LSD). Larval recovery data were 
analyzed by one-way ANOVA followed by Tukey’s test using GraphPad Prism 8.4.2., P-val-
ues < 0.05 were considered significant.
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The combinations (different oil concentrations plus fungus) were considered synergistic 
if the calculated χ2 value was greater than 3.84 and the observed mortality was higher than 
the expected mortality. The treatment was considered antagonistic if the calculated χ2 value 
for any combination exceeded 3.84, but the observed mortality was lower than expected. 
Combinations with a calculated χ2 value less than 3.84 were categorized as having no inter-
action effect (Et-tazy et al. 2025).

Results

Effect of corn oil and silicone on Cordyceps javanica conidial germination

Conidial germination averages of C. javanica, 24 h after incubation, reached 99.8 ± 0.24% 
in the control and 99.3 ± 0.22%, 98.4 ± 0.22%, and 98.8 ± 0.17% in the 1%, 3%, and 5% corn 
oil treatments, respectively. No significant differences were observed among treatments at 
this time (χ² = 3.81, df = 3, P = 0.282). At 48  h after incubation, germination rates were 
99.96 ± 0.11% (control and 1% corn oil), 99.59 ± 0.54% (3% corn oil), and 99.67 ± 0.28% 
(5% corn oil), with χ² = 1.13 (df = 3, P = 0.771). Therefore, corn oil, had no effect on conidial 
germination, and fungal viability remained stable across all concentrations.

In vitro bioassay with Rhipicephalus microplus larvae

Larval mortality (%) in the control groups (1% Tween 80 and 0.01% Silicone oil + 1% Tween 
80) was below 1.2%, exhibiting significantly lower values than all other treatments at 5, 10 
and 15 days after treatment (Table 1). Corn oil, at all tested concentrations, resulted in less 
than 20.1% mortality: however, larval mortality increased with higher corn oil concentra-
tions across all evaluation dates (Table 1). C. javanica suspension at 1 × 10⁸ conidia/mL 
caused significantly higher larval mortality than the lower concentration (1 × 10⁷ conidia/

Treatments1 5 days 10 days 15 days
Control 1 (Tween 80 
1%)

0.67 ± 1.7 i 1.17 ± 3.1 h 1.16 ± 3.1 g

Control 2 (Silicone 
0.01% + Tween 80 1%)

0.50 ± 1.5 i 0.83 ± 2.6 h 1.0 ± 2.7 g

Corn oil 1% 2.8 ± 4.1 d, h 4.5 ± 5.9 g 4.83 ± 6.3 f

Corn oil 3% 10.5 ± 6.2 g 13.1 ± 6.6 f 4.17 ± 6.9 e

Corn oil 5% 14.0 ± 5.8 f 16.8 ± 5.16 e 20.1 ± 4.2 d

107 conidia/mL
Fungus 9.0 ± 3.5 g 12.33 ± 3.6 f 16.6 ± 2.7 e

Fungus + corn oil 1% 64.1 ± 7.8 e 74.8 ± 6.7 d 95.3 ± 7.4 c

Fungus + corn oil 3% 88.1 ± 9.6 b 94.6 ± 6.8 b 99.1 ± 3.7 
a, b

Fungus + corn oil 5% 81.3 ± 14.1 c 92.5 ± 9.8 b 100% a

108 conidia/mL
Fungus 12.8 ± 4.4 f 16 ± 3.8 e 18.8 ± 3.8 d

Fungus + corn oil 1% 72.1 ± 8.2 d 87.1 ± 7.2 c 98.5 ± 4.1 b

Fungus + corn oil 3% 89.3 ± 9.1 b 98 ± 3.8 a 100 a

Fungus + corn oil 5% 95.1 ± 6.2 a 99.5 ± 2.7 a 100 a

Table 1  Mean mortality (%) ± 
standard deviation of Rhipiceph-
alus microplus larvae treated 
with different concentrations of 
corn oil and Cordyceps javanica 
at 107 and 108 conidia/mL alone 
and formulated with corn oil

1Emulsions of corn oil in Tween 
80 at 1%, and silicone at 0.01%; 
fungal suspensions in 1% Tween 
80; Conidia of the fungus 
formulated in corn oil at 1%, 3% 
and 5%) and silicone (0.01%) in 
Tween 80 at 1%. Means with the 
same letter in the same column 
(days) do not differ significantly 
considering P < 0.05 (Kruskal–
Wallis test)
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mL) on all three evaluation dates; however, mortality remained ≤ 18.8% (Table 1). When 
C. javanica was formulated in corn oil, R. microplus larval mortality ranged from 64.1% 
on day 5 to 100.0% on day 15, significantly enhancing the fungal efficacy (Table 1). All 
treatments with the formulated fungus differed significantly from the other treatments, and a 
synergistic effect was observed for all fungus–corn oil combinations (Table 2).

In vitro bioassay with Rhipicephalus microplus engorged females

All concentrations of corn oil significantly reduced R. microplus egg production compared 
to the control group (Table 3). Although C. javanica alone, at 10⁷ and 10⁸ conidia/mL, did 
not affect EPI values, its formulation in corn oil, regardless of the oil concentration, resulted 
in a significant reduction in EPI in comparison to the control (Table 3). NI values were 
similar to the control for corn oil at 1% and the fungus at both concentrations (Table 3). 
As observed for the EPI, the oil-based formulation of the fungus significantly reduced the 
NI values. Corn oil concentrations reduced RE compared to the control, and the reduction 
increased with higher oil concentrations. Corn oil alone controlled 20.5% to 73.3% of tick 
females. The fungal suspension at 1 × 10⁷ conidia/mL significantly reduced RE compared to 
the control, whereas 1 × 10⁸ conidia/mL exhibited no effect. Female control by C. javanica 
alone reached 28.2% and 14.9% at 1 × 10⁷ and 10⁸ conidia/mL, respectively. In contrast, 
all formulations combining the fungus with corn oil caused a significant reduction in RE, 
achieving 90% to 100% female control (Table 3). The survival analysis revealed significant 
differences among treatments (Table 4). Comparison of survival curves by the chi-square 
test (P ≤ 0.05) showed that the oil-based fungal formulations (both concentrations of 1 × 10⁷ 
and 10⁸ conidia/mL) differed significantly from the control and from the individual com-
ponents (fungus or oil alone). The most pronounced effects were observed for the formula-
tions with 3% and 5% corn oil, which were statistically distinct from all other treatments 
(P < 0.001).

Combined 
treatment

Observed 
mortality 
(OM)

Expected 
mortality 
(EM)a

χ² calcb Type of 
interac-
tionc

107 conidia/mL + 
corn oil 1%

95.33 20.69 269.17 Syner-
gistic

107 conidia/mL + 
corn oil 3%

99.17 28.48 175.48 Syner-
gistic

107 conidia/mL + 
corn oil 5%

100 33.48 132.18 Syner-
gistic

108 conidia/mL + 
corn oil 1%

98.50 22.75 252.21 Syner-
gistic

108 conidia/mL + 
corn oil 3%

100 30.33 160.02 Syner-
gistic

108 conidia/mL + 
corn oil 5%

100 35.20 119.28 Syner-
gistic

aExpected mortality EM = Mf + Mi (1-Mf/100), with Mf and Mi being 
the observed per cent mortalities caused by the fungus and the oil 
respectively. bChi-squared values calculated by the equation: χ² = 
(OM-EM)2 /EM, and then compared to the chi-squared table value 
for df = 1 at a = 0.05 (χ² ) table = 3.84). cAdditive effect: χ² calcs 3.84, 
synergistic effect: χ² calc ˃ 3.84 and (OM-EM) >0, and no effect: χ² 
calc ≤ 3.84 and EM OM

Table 2  Interactions between 
Cordyceps javanica and corn oil 
+silicone oil based on observed 
mortality to Rhipicephalus 
microplus larvae 15 days after 
the treatment
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Formulations combining C. javanica with corn oil at 1% and 3% promoted a rapid 
decline in tick female survival, reaching 100% mortality within the first few days after 
immersion, whereas females treated with C. javanica alone or with corn oil alone exhibited 
a slower mortality pattern, similar to that of the control (Fig. 1). Estimated median lethal 
times (LT₅₀) confirmed the high virulence of the formulations, with the lowest LT₅₀ values 
for C. javanica + 3% corn oil: 0.97 days (10⁷ conidia/mL) and 1.6 days (10⁸ conidia/mL) 
(Table 5). Treatments with corn oil alone at 5% or with the fungus unformulated presented 
higher LT₅₀ values (> 14 days), indicating reduced pathogenicity. The synergistic effect 
between C. javanica suspensions and the corn oil was evident, as all formulated treatments 
reduced LT50 by more than 85% compared to the unformulated fungus (Table 5).

Semi-field bioassay with Rhipicephalus microplus females

Only the treatment with C. javanica at 1 × 108 conidia/mL formulated in 3% corn oil, 0.01% 
silicone, and 1% Tween 80 resulted in a significant reduction in R. microplus larval recovery 
from U. decumbens pots with an average of 10.8 ± 15.2 larvae recovered (F92.48 = 4.49 and 
P < 0.0001) (Fig. 2). In comparison, the number of larvae recovered from the pots treated 
with Tween 80 1% was 1035 ± 221.9 and 807.2 ± 258.8 in the silicone (0.01%) + Tween 80 

Treatments1 Egg produc-
tion index 
(%)

Nutrient 
index (%)

Reproductive 
efficiency (%)

Tick 
Con-
trol 
(%)

Control 1 
(Tween 80 1%)

49.4 ± 11.4 a 
(26)

74.5 ± 16.0 
a (26)

49.3 ± 11.3 a 
(26)

-

Corn oil 1% 39.2 ± 17.0 b 
(26)

66.6 ± 27.8 
a (26)

39.2 ± 17.0 b 
(26)

20.5

Corn oil 3% 30.2 ± 25.4 
c (26)

49.6 ± 42.3 
b (26)

29.7 ± 24.7 c 
(26)

39.8

Corn oil 5% 26.0 ± 21.2 
c (26)

48.1 ± 35.9 
b (26)

13.2 ± 16.4 d 
(26)

73.3

Dose 107 conidia/mL
Fungus 43.6 ± 16.5 

a, b (26)
70.4 ± 22.2 
a (26)

35.1 ± 20.4 b 
(26)

28.2

Fungus + corn 
oil 1% (n)

14.2 ± 15.9 d 
(26)

29.6 ± 27.0 
c (26)

4.9 ± 10.6 e 
(26)

90.0

Fungus + corn 
oil 3% (n)

1.6 ± 7.5 e 
(26)

4.5 ± 21.4 d 
(26)

0.60 ± 3.0 f 
(26)

98.8

Fungus + corn 
oil 5% (n)

1.7 ± 8.7 e 
(26)

3.5 ± 17.7 d 
(26)

1.7 ± 8.7 f 
(26)

96.5

Dose 108 conidia/mL
Fungus 43.1 ± 17.2 

a, b (26)
66.2 ± 22.9 
a (26)

42.0 ± 17.9 a, b 
(26)

14.9

Fungus + corn 
oil 1% (n)

15.0 ± 15.5 d 
(26)

30.7 ± 29.3 
c (26)

5.0 ± 12.3 e 
(26)

89.8

Fungus + corn 
oil 3% (n)

3.3 ± 10.0 e 
(26)

6.7 ± 20.0 d 
(26)

0.90 ± 3.6 f 
(26)

98.2

Fungus + corn 
oil 5% (n)

0.13 ± 0.68 
e (26)

0.45 ± 2.29 
d (26)

0.0 ± 0 f (26) 100.0

Table 3  Biological parameters 
of Rhipicephalus microplus 
engorged females immersed in 
different concentrations of corn 
oil, Cordyceps javanica at 107 
and 108 conidia/mL alone and 
formulated with corn oil

1Emulsion of corn oil in Tween 
80 at 1%, and silicone at 0.01%; 
fungal suspension at 107 and 
108 conidia/mL in 1% Tween 
80; Fungus conidia formulated 
in corn oil (1%, 3% or 5%) and 
silicone (0.01%) in Tween 80 at 
1%. Means with the same letter 
in the same column do not differ 
significantly considering P < 
0.05 (Kruskal–Wallis test). (n = 
26) indicates the total number 
of ticks used for each treatment, 
considering all replicates
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(1%). The corn oil (3%) yielded 811.3 ± 251.0 R. microplus larvae, while 790 ± 253 larvae 
were recovered from oil control 3% + silicone 0.01% + Tween 80 1%.

Persistence of Cordyceps javanica in treated soil

Colonies of C. javanica were abundant in all soil samples collected from the fungus-
treated group (fungus formulated 3%). C. javanica persisted in the soil up to 30 days after 
application, as evidenced by the number of viable conidia recovered from treated pots: 
5.23 ± 1.09 × 10⁵ CFU/g of soil at 24 h and 2.06 ± 0.32 × 10⁵ CFU/g at 30 days post-treatment 
(t = 3.36; df = 19; P = 0.0083). No Cordyceps-colonies were.

detected in the soil from soil samples in control pots (i.e., tween 80 1%, silicone control, 
oil control 3%, and oil control 3% plus silicone) before or after the treatment (Fig. 3).

Detection of silicone in soil samples by ATR-FTIR

The ATR-FTIR spectra of soil samples collected (Table 6) confirmed a material with high 
organic complexity, rich in hydroxyl, carboxylic, and aromatic groups; containing polysac-
charides, lignin, phenols, and humic/fulvic acids; and exhibiting secondary signs of associ-
ated inorganic salts or minerals (phosphates and silica, for example). This profile is fully 
consistent with a soil enriched with plant or humic material. The comparison between the 
infrared spectra of the treated soil samples and the standard silicone at 0.01% revealed strik-
ing differences in terms of chemical composition, according to the identified bands and their 
relative intensities (Fig. 4). The absence of fundamental silicone bands in the spectrum of 
treated soil samples, especially in the range 400–500 cm⁻¹ (Si–O–Si), 800–850 cm⁻¹ (CH₃–
Si) and ~ 1100 cm⁻¹ (Si–O–Si stretching), reinforces that there was no clear spectroscopic 
evidence of the presence of silicone in the soil sample analyzed.

Application of chemometric techniques to evaluate possible changes in the soil 
pattern through the application of different formulations

The analysis of the grouped spectra (Fig. 4a) revealed that the commercial standard silicone 
added to the soil from the aqueous control group (MIX) was chemically distinct from the 
others, exhibiting bands characteristic of siloxane structures. In contrast, the soil samples, 
regardless of the treatment applied, displayed a complex chemical composition dominated 
by oxygenated organic compounds, primarily polysaccharides.

When compared directly with the standard silicone spectrum, silicone-containing soil 
samples were clearly separated, occupying isolated quadrants distant from the positive val-
ues of PC-1 (Fig. 5). In contrast, the treated and untreated soil samples remained grouped in 
distinct, but separate, regions. The chemical profile observed in the soil samples analyzed, 
regardless of the treatment applied, was entirely different from that of standard silicone 
(Fig. 5).
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Discussion

The initial steps in developing an oil-based formulation for an entomopathogenic fungus 
involve several critical evaluations and optimizations, including the selection of compatible 
oils to ensure that formulation adjuvants do not inhibit fungal growth or conidia germi-
nation. A second step involves conducting preliminary efficacy assays to confirm that the 
oil-based formulation retains the fungal isolate’s pathogenicity against the target pest. By 
beginning with these foundational steps, it is possible to identify early issues and build a 
robust baseline for subsequent field testing and develop formulations that are effective for 
tick control (Samish et al. 2014).

Adjuvants are commonly incorporated into fungal formulations to improve stability, 
adhesion, and overall efficacy (Rosado-Aguilar et al. 2017). Germination is a critical param-
eter to ensure that adjuvants do not compromise fungal viability, as conidia are the infective 
propagules responsible for initiating tick infection. In the present study, the germination of 
C. javanica conidia was assessed 24 h and 48 h after incubation with corn oil (1%, 3%, and 
5% and silicone oil at 0.01%). Here, the statistical analysis confirmed that the presence of 
corn and silicone oils did not significantly affect conidial germination. Regardless of con-

Fig. 1  Mean mortalities at 
different days post-inoculation 
for Rhipicephalus microplus 
engorged females immersed in 
corn oil at (a) 1, 3, 5% and (b) 
Cordyceps javanica at 107 and 
108 conidia/mL alone and (c) 
formulated with corn oil at 1, 3, 
and 5%. Curves were adjusted 
according to non-linear model 
Weibull
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centration, fungal viability remained high, indicating that both adjuvants were compatible 
with C. javanica and suitable for use in oil-based formulations. These findings ensure that 
the emulsified systems preserve the infective potential of conidia before application. Addi-
tionally, both corn and silicone oils are expected to exhibit favorable adhesion properties, 
potentially enhancing the fixation of conidia on the tick cuticle and thereby improving con-
tact with the biological agent (Lei et al. 2023). Collectively, these findings suggest that the 
evaluated adjuvants are compatible with C. javanica, maintaining high germination rates 
while offering stability and adhesion benefits essential for successful formulation and field 
application.

Table 5  Estimates of parameters of non-linear model Weibull and median lethal time (LT50) of Rhipicephalus 
microplus females after treatment with Cordyceps javanica at 107 and 108 conidia/mL formulated with corn 
oil at 1, 3, and 5%
Treatments Weibull Model parameters a LT 50 (LC 95%)

b e c d
Control 1 (Tween 80 1%) 2.96017 -0.00114 1 22.58284 -
107 1.85269 -0.00491 1 18.8735 -
108 2.23161 -0.00228 1 18.69446 -
Oil 1% 2.74318 -0.00208 1 20.59023 -
Oil 3% 0.87327 -0.00117 1 26.87371 -
Oil 5% 1.30031 -0.00038 1 17.31871 14.1 (14.01 - 14.27)
107 conidia/mL + corn oil 1% 1.20268 -0.00085 1 8.02941 6.02 (5.2 - 6.7)
107 conidia/mL + corn oil 3% 0.65949 -0.00116 1 1.41464 0.97 (0.78 - 1.16)
107 conidia/mL + corn oil 5% 0.28971 -1.80722 1 0.07847 -
108 conidia/mL + corn oil 1% 0.87337 -0.00032 1 7.83144 5.1 (4.6 - 5.5)
108 conidia/mL + corn oil 3% 0.77368 -0.0014 1 2.5497 1.6 (1.3 - 1.9)
108 conidia/mL + corn oil 5% 36.80722 0.83472 1 8.15028 -
a Model parameters: b = B is the slope factor around the “e” parameter; c = is the lowest asymrate of the 
curve; d = is the upper asymrate of the curve; e = is the inflection point of the curve

Fig. 2  Mean and standard deviation of Rhipicephalus microplus larvae recovered from Urochloa de-
cumbens pots 35 days after application of the following treatments: CTR 1: Control 1 - control aqueous 
Tween 80 at 1%; CTR 2: Control 2 - silicone at 0.01% + 1% aqueous Tween 80; CO: corn oil at 3%; 
CO + S: corn oil at 3% emulsified in Tween 80 at 1% and silicone at 0.01%; F: C. javanica at 108 conidia/
mL formulated in corn oil (3%), silicone (0.01%) and Tween 80 at 1%. Each group had ten pots, which 
received three fully engorged females of homogeneous weight. Means followed by the same letter do not 
differ significantly P < 0.05 (one-way ANOVA followed by a Tukey test)

 

1 3

26  Page 14 of 24



Experimental and Applied Acarology (2026) 96:26

After assessing the positive results of corn oil, silicone, and C. javanica’s biocompat-
ibility, our study moved to the in vitro bioassays with tick females and larvae. Many studies 
have already tested the efficacy of entomopathogenic fungi against R. microplus larvae and 
engorged females (Camargo et al. 2012; Quinelato et al. 2012; Angelo et al. 2012; Nogueira 
et al. 2020), reporting high pathogenicity of a variety of fungal species and strains. In the 
present study, fungal suspension (no oil added) yielded low tick mortality, indicating the 
limited virulence of this unformulated fungal isolate under the tested conditions (Table 1; 
Fig. 1). Additionally, corn oil plus silicone with no fungus also caused low tick mortality 
(Table 1; Fig. 1).

ν (cm⁻¹) Probable Assignment Observations
426–532 Inorganic vibrations (PO₄³⁻, 

Si–O, SO₄²⁻)
Clay minerals, phos-
phates or sulfates

688–794 C–H out of plane (aromatic) 
or rings

Lignin, phenolic 
compounds

912 C–O, C–H out of plane (aro-
matics), polysaccharides

Cellulose/lignin 
indicator

1003–1030 C–O, C–O–C, C–C stretches Polysaccharides (cel-
lulose, hemicellulose)

1115 C–O, C–N Phenols, sugars, amines
1392–1412 Deformations CH₃/CH₂ ou 

COO⁻
Salts of organic acids 
(humic/fulvic acids)

1624 C=C aromatic or C=O (am-
ides, carboxylic acids)

Lignin, humic com-
pounds, adsorbed water

2795–2982 C–H stretching (aliphatic) Presence of chains–
CH₂–, –CH₃

3273–3693 Stretchings O–H / N–H Alcohols, phenols, 
water, humic acids

Table 6  Assignment of the 
main bands by spectral regions 
in the FTIR spectra of the soil 
after application of the different 
treatments

The spectral range (ν, in cm⁻¹), 
the probable assignments of 
the main absorption bands and 
observations related to the soil 
constituents

 

Fig. 3  Mean number of colony forming 
units (CFU) of Cordyceps javanica re-
covered from the pots at 24 h (D + 1) and 
30 days (D + 30) after application of the 
fungus at 108 conidia/mL formulated in 
corn oil 3%, Tween 80 1% and silicone 
0.01%. Different letters differ significant-
ly considering P < 0.05 according to t test

 

1 3

Page 15 of 24  26



Experimental and Applied Acarology (2026) 96:26

The results of the in vitro bioassay with larvae and females highlighted the superior viru-
lence of the fungus formulated with corn oil, compared to the control groups and unformu-
lated fungal suspensions, regardless of conidial concentration. At both 10⁷ and 10⁸ conidia/
mL, fungal emulsions demonstrated significantly higher mortality of R. microplus larvae and 
engorged females, with effectiveness increasing over time. As expected, among the tested 
treatments here, fungal formulations with corn oil (1, 3, and 5%) consistently outperformed 
the unformulated suspensions, achieving larval mortality rates of 100% 15 days after the 
treatment. Statistical testing confirmed a significant difference among treatments, indicating 
a synergistic interaction between the fungal conidia and the corn oil carrier (Table 2). This 
synergism likely results from improved adhesion and penetration of the fungus through the 
tick cuticle, which accelerates mortality and enhances virulence. These findings underscore 
the potential of corn oil-based formulations as effective adjuvants that enhance the speed 
and intensity of entomopathogenic fungal action against cattle tick, what can be explained 
by the increased adherence of conidia on the cuticle provided by the oil adjuvants present 

Fig. 4  Chemometric analyses based on ATR-FTIR of soil treated with silicone 24 h before the treatments 
and 24 h and 30 days after the treatments. (a) Representation by line plot of all ATR-FTIR spectral and 
mean spectral (blue line) obtaining by chemometric analysis; (b) Graphics of PCA scores of CTR and 
FORM in the three different collection times; (c) Graphics of PCA scores of CTR and OV in the three 
different collection times; (d) Graphics of PCA scores of CTR and OV + SIL in the three different collec-
tion times; (e) Graphics of PCA scores of CTR and SIL in the three different collection times. (CTL) soil 
treated with Tween 80 (1%) aqueous suspension; (Sil) soil treated with aqueous emulsion of 0.01% sili-
cone plus Tween 80 (1%); (OV) soil treated with aqueous emulsion of corn oil (3%) and Tween 80 (1%); 
(OV + Sil) soil treated with aqueous emulsion of corn oil (3%), Tween 80 (1%), and silicone (0.01%); 
(Form) soil treated with emulsion of conidia in corn oil (3%), silicone (0.01%), and Tween 80 (1%); 
(MIX) commercial standard silicone (Sigma) added to soil from aqueous control group (1:1); (Silicone) 
Standard silicone from Sigma. Before: soil collected 24 h before the treatment. After: soil collected 24 h 
after the treatment. Month: soil collected 30 days after the treatment
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in the emulsions, which has a lipophilic property similar to the outermost part of the tick 
cuticle (Angelo et al. 2010; Camargo et al. 2012, 2014, 2016; Kaay and Hassan 2000).

Here, the oil percentage in the tested emulsions was similar [Barbieri et al. 2023 (2.5% 
mineral oil)] or much lower than in previous reports [Angelo et al. 2010 (15% mineral oil), 
Camargo et al. 2012 (10% mineral oil), Kaay and Hassan 2000 (15% peanut oil)]. Besides 
the lower oil concentration, the corn oil was chosen because vegetable oils are more readily 
biodegradable, reducing their environmental impact and the risk of long-term soil or water 
contamination (Siniawski et al. 2007; Rosado-Aguilar et al. 2017; Lee et al. 2022). To be 
precise, tests have indicated that vegetable oils undergo about 70–100% biodegradation in a 
period of 28 days (Aluyor et al. 2009). The lower hatching rates and egg production indices 
observed in the lab with the oil-based fungal formulations (3% or 5%) suggested that these 
treatments not only killed the ticks but also created a hostile environment that disrupted 
their life cycle.

Fig. 5  Principal Component Analysis (PCA) based on ATR-FTIR pure spectral data of standard silicone 
and soil samples treated with silicone. (a) Soil from OV + SIL compared to standard silicone; (b) Soil 
from OV compared to standard silicone; (c) Soil from SIL compared to standard silicone; (d) Soil from 
Form compared to standard silicone. (Sil) soil treated with aqueous emulsion of silicone (0.01% ) and 
Tween 80 (1%); (OV) soil treated with aqueous emulsion of corn oil (3%) and Tween 80 (1%); (OV + Sil) 
soil treated with aqueous emulsion of corn oil (3%), Tween 80 (1%), and silicone (0.01%); (Form) soil 
treated with emulsion of conidia in corn oil (3%), silicone (0.01%), and Tween 80 (1%); (Silicon) Stan-
dard silicone from Sigma. Before: soil collected 24 h before the treatment. After: soil collected 24 h after 
the treatment. Month: soil collected 30 days after the treatment
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The emulsion of 3% corn oil, 0.01% silicone, 1% Tween 80 and 108 conidia/mL was 
used in the semifield tests because it yielded, in the laboratory tests, the best results (statisti-
cally not different from 5% corn oil), in this way, it was possible to use a lower percentage 
of oil, allowing a more rational and economical use of inputs without compromising the 
performance of tick control. The values for use in the field are the equivalent of 22 kg/ha 
of fungus, according to the applications in the pots of the semi-field test, which results in 
using a higher percentage of oil and a smaller quantity of fungal isolate, evidencing a better 
economic viability of the treatments. U. decumbens was selected as the forage in this trial to 
simulate typical Brazilian pasture conditions, as it is widely used in Brazilian cattle farming 
due to its adaptability to various biomes. It is worth noting that the seeds used were com-
mercially coated with an antifungal agent, a common practice for phytosanitary protection. 
However, according to our results, the presence of the antifungal coating did not interfere 
with the action of Cordyceps on the tick present in the same pasture environment.

In the semi-field trial, the group treated with the fungal emulsion exhibited a drastically 
lower larval recovery in comparison to the control groups (Fig. 2). Drastic reduction of R. 
microplus larval outbreak in artificially infested grass was also reported with Metarhizium 
oil-in-water formulations (Mesquita et al. 2020; Marciano et al. 2020). Here, fungal suspen-
sions were not tested in the semi-field trial due to their low efficacy in the laboratory tests. 
The significant reduction in larval recovery in the present study suggests a direct impact 
on the biological parameters and mortality of engorged females, reinforcing the acaricidal 
potential of this Cordyceps emulsion even under the effect of abiotic stressors such as high 
temperatures and solar UV radiation, which are deleterious for the fungus. Previous studies 
assessed the tolerance of fungal conidia in oil-in-water emulsions indicating higher toler-
ances of formulated fungi in comparison to unformulated (Paixão et al. 2017; Corval et al. 
2020), suggesting the key oil role in protecting conidia viability against abiotic factors under 
field conditions (Mesquita et al. 2020; Marciano et al. 2020).

According to the literature, conidial survival under abiotic stressors can be enhanced by 
oil, contributing to greater fungal persistence in the soil (Marciano et al. 2020; Mesquita et 
al. 2020). Here, soil analysis of fungus-treated pots revealed the persistence of C. javanica, 
with 5.23 ± 1.09 × 10⁵ CFU/g recovered 24 h after application and 2.06 ± 0.32 × 10⁵ CFU/g 
30 days later, indicating the fungus remained viable in the soil for an extended period fol-
lowing a single treatment. The decrease in CFU observed here (Fig. 3) can be attributed to 
the influence of abiotic factors, such as high temperature, low humidity, and high UV radia-
tion, which often impact the viability of entomopathogenic fungi in the soil, but also may 
be attributed to the adaptability of the fungus in the soil environment (Mesquita et al. 2023). 
Despite this, here the total number of CFU per gram of soil, D + 30 after the treatment, was 
higher (i.e., 206.000 CFU/g of soil) than in other studies with similar conditions [i.e., Mes-
quita et al. (2020) ~ 50000 CFU/g of soil], suggesting that even though C. javanica conidia 
persistence 30 days after the treatment was lower than D + 1, the number of conidia was still 
enough to act against newly hatched R. microplus larvae.

As previously mentioned, the fungal emulsion was formulated with a minimal proportion 
of silicone (0.01%) in its composition. To support the development of a more sustainable 
bioproduct for controlling R. microplus, soil samples were analyzed over time to detect pos-
sible silicone residues. Thirty days after treatment, comparisons between standard silicone, 
silicone mixed with soil (MIX), and the treated soil samples revealed chemically distinct 
profiles (Fig. 4). These results suggest that either the silicone concentration in the treated 
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soils was below the detection limit or that the organic components of the soil masked the 
siloxane signals, an inherent limitation of the FTIR technique used.

The application of chemometric techniques, specifically principal component analysis 
(PCA), allowed an in-depth evaluation of possible changes in the chemical pattern of the 
soil as a function of the different formulations applied. The data obtained demonstrate that 
the application of the different formulations tested (i.e., vegetable oil, vegetable oil with 
silicone at 0.01% and silicone alone at 0.01%) did not promote detectable changes in the 
overall chemical pattern of the soil samples, maintaining its composition dominated by 
organic compounds of plant origin.

The findings of the present study align with previous research emphasizing the impor-
tance of exploring combinations between entomopathogenic fungi and oils (Camargo et al. 
2012; Marciano et al. 2020; Mesquita et al. 2020; Barbieri et al. 2023). The selection of corn 
oil as an adjuvant in the formulation is suggested to enhance conidial adhesion to the tick 
cuticle, while silicone improves the spreadability of the final product. Given that the use of 
C. javanica remains underexplored, this study represents a significant contribution to the 
state of the art in the biological control of hard ticks using bioinputs.

Although, as far as we know, the extent to which larval suppression in pasture directly 
translates into reduced tick infestation in cattle has not yet been studied, effective tick con-
trol necessarily involves interventions targeting the environment, as much of the tick life 
cycle occurs off host. From an integrated tick management perspective, the application of 
entomopathogenic fungi to pasture soil represents a preventive strategy aimed at reduc-
ing larval pressure before host infestation. This approach aligns with integrated manage-
ment frameworks that combine biological control, environmental interventions, and rational 
acaricide use to achieve sustainable control and delay resistance development (Lagunes-
Quintanilla et al. 2024). By lowering the abundance of larvae in pasture, soil-applied fungal 
biocontrol may reduce the need for treatments applied directly to cattle, contributing to 
improved animal welfare and reduced chemical inputs.

Conclusion

The tests performed, including in vitro and semi-field assays, demonstrated the high effec-
tiveness of C. javanica formulated in corn oil against R. microplus, highlighting the impor-
tance of the oils added in the acaricidal effect of the formulations.

Acknowledgements  We appreciate the support of the Laboratory of Soil Biological Chemistry, Department 
of Soils, Institute of Agronomy from Federal Rural University of Rio de Janeiro.

Author contributions  JRM conceived and designed the research; performed data curation, formal analysis, 
investigation, and methodology; and wrote the original draft. ASC, TAC, EM, LNM, VSB, ACMS, MGC, 
and JFAS performed data curation. TATC and ACG contributed to data curation and formal analysis. EDQ 
provided resources. ICA, EDQ, PSG, and VREPB conceived and designed the research; acquired funding; 
administered the project; supervised the work; and contributed to writing – review and editing. All authors 
read and approved the manuscript.

Funding  The Article Processing Charge (APC) for the publication of this research was funded by the Coor-
denação de Aperfeiçoamento de Pessoal de Nível Superior - Brasil (CAPES) (ROR identifier: 00x0ma614). 
This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - Bra-
sil (CAPES) ‐ Finance Code 001, providing master’s scholarship for JRM, TAC, and LNM. The Conselho 

1 3

Page 19 of 24  26



Experimental and Applied Acarology (2026) 96:26

Nacional de Desenvolvimento Científico e Tecnológico (CNPq) of Brazil provided scholarships for EM, 
VSB, and ACMS. Rio de Janeiro State Research Support Foundation Carlos Chagas Filho (FAPERJ) pro-
vided scholarships for TATC. The research was supported by grants from FAPERJ and CNPq/INCT Innova-
tive Bioinputs (#406803/2022-6) and Carlos Chagas Filho Foundation for Research of the State of Rio de 
Janeiro (FAPERJ) grant number E-26/210.143/2023.

Data availability  The data used to support the findings of this study are available from the corresponding 
author on reasonable request.

Declarations

Competing interests  The authors declare no competing interests.

Declaration of competing interest  No potential conflict of interest was reported by the authors.

Ethics approval  This study was performed in line with the principles of the Brazilian Guideline for the Care 
and Use of Animals for Scientific and Education Purposes and the study was approved by the Animal Use 
Ethics Committee (CEUA) of the Veterinary Institute (IV) of UFRRJ (nº 9714220419, date: 30/08/2019).

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons 
licence, and indicate if changes were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. 
If material is not included in the article’s Creative Commons licence and your intended use is not permitted 
by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Aluyor EO, Obahiagbon KO, Ori-Jesu M (2009) Biodegradation of vegetable oils: A review. Sci Res Essays 
4(6):543–548

Angelo IC, Gôlo PS, Camargo MG, Kluck GE, Folly E, Bittencourt VR (2010) Haemolymph protein and 
lipid profile of Rhipicephalus (Boophilus) Microplus infected by fungi. Transbound Emerg Dis 57(1–
2):79–83. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​1​​1​1​/​j​.​​1​8​6​5​-​​1​6​8​2​.​2​​0​1​0​.​​0​1​1​1​9​.​x

Angelo IC, Fernandes ÉK, Bahiense TC, Perinotto WM, Golo PS, Moraes AP, Bittencourt VR (2012) Viru-
lence of Isaria sp. and Purpureocillium lilacinum to Rhipicephalus microplus tick under laboratory 
conditions. Parasitol Res 111(4):1473–1480. https://doi.org/10.1007/s00436-012-2982-y

Barbieri A, Rico IB, Silveira C, Feltrin C, Dall Agnol B, Schrank A, Lozina L, Klafke GM, Reck J (2023) 
Field efficacy of Metarhizium anisopliae oil formulations against Rhipicephalus microplus ticks using 
a cattle spray race. Ticks Tick Borne Dis 14(3):102–147. https://doi.org/10.1016/j.ttbdis.2023.102147

Bennett GF (1974) Oviposition of Boophilus Microplus (Canestrini) (Acarida: Ixodidae). I. Influence of tick 
size on egg production. Acarologia 16(1):52–61

Beys-da-silva WO, Rosa RG, Berger M, Coutinho-Rodrigues CJB, Vainstein MH, Schrank A, Bittencourt 
VREP, Santi L (2020) Updating the application of Metarhizium anisopliae to control cattle tick Rhipi-
cephalus microplus (Acari: Ixodidae). Experimental Parasitology 208:1–29. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​j​.​​
e​x​p​p​a​​r​a​.​2​0​1​​9​.​1​0​​7​8​1​2

Boaventura HA, Quintela ED, Santos EN, Silva JFA, Humber RA (2021) Susceptibility of all nymphal 
stages of bemisia tabaci biotype B (Hemiptera: Aleyrodidae) to three Brazilian isolates of cordyceps sp. 
(Hypocreales: Cordycipitaceae) in a screenhouse under variable temperature and moisture conditions. 
Neotrop Entomol 50:100–113. https://doi.org/10.1007/s13744-020-00823-5

Boaventura HA, Queirós LA, Silva JFA, Goble TA, Pazolini K, Marciano AF, Quintela ED (2025) Tem-
perature-dependent modelling and Spatial predictions for identification of geographic areas in Brazil 
suitable for the use of Cordyceps javanica in the control of whitefly. J Fungi 11:125. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​
.​3​3​9​0​/​j​o​f​1​1​0​2​0​1​2​5​​​​​​​

BRASIL (2022) Ministry of Agriculture, Livestock and Food Supply. Agrofit: phytosanitary pesticide system. ​
h​t​t​p​:​/​​/​a​g​r​o​​f​i​t​.​a​g​​r​i​c​u​​l​t​u​r​a​​.​g​o​v​.​​b​r​/​a​g​r​​o​f​i​t​​_​c​o​n​s​​/​p​r​i​n​​c​i​p​a​l​_​​a​g​r​o​​f​i​t​_​c​o​n​s Accessed on: December 19, 2022

1 3

26  Page 20 of 24

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/j.1865-1682.2010.01119.x
https://doi.org/10.1007/s00436-012-2982-y
https://doi.org/10.1016/j.ttbdis.2023.102147
https://doi.org/10.1016/j.exppara.2019.107812
https://doi.org/10.1016/j.exppara.2019.107812
https://doi.org/10.1007/s13744-020-00823-5
https://doi.org/10.3390/jof11020125
https://doi.org/10.3390/jof11020125
http://agrofit.agricultura.gov.br/agrofit_cons/principal_agrofit_cons
http://agrofit.agricultura.gov.br/agrofit_cons/principal_agrofit_cons


Experimental and Applied Acarology (2026) 96:26

Camargo MG, Golo PS, Angelo IC, Perinotto WM, Sá FA, Quinelato S, Bittencourt VR (2012) Effect of oil-
based formulations of acaripathogenic fungi to control Rhipicephalus microplus ticks under laboratory 
conditions. Vet Parasitol 188(1–2):140–147. https://doi.org/10.1016/j.vetpar.2012.03.012

Camargo MG, Marciano AF, Sá FA, Perinotto WM, Quinelato S, Gôlo PS, Angelo IC, Prata MC, Bitten-
court VR (2014) Commercial formulation of Metarhizium anisopliae for the control of Rhipicephalus 
microplus in a pen study. Vet Parasitol 205(1–2):271–276. https://doi.org/10.1016/j.vetpar.2014.07.011

Camargo MG, Nogueira MR, Marciano AF, Perinotto WM, Coutinho-Rodrigues CJ, Scott FB, Angelo IC, 
Prata MC, Bittencourt VR (2016) Metarhizium anisopliae for controlling Rhipicephalus microplus ticks 
under field conditions. Vet Parasitol 223:38–42. https://doi.org/10.1016/j.vetpar.2016.04.014

Castro-Saines E, Lagunes-Quintanilla R, Hernández-Ortiz R (2024) Microbial agents for the control of ticks 
Rhipicephalus microplus. Parasitol Res 123:275. https://doi.org/10.1007/s00436-024-08291-1

Chen J, Ling M, Wan L, Chen C, Liu P, Zhang Q, Zhang B (2022) The construction of molybdenum disulfide/
cobalt Selenide heterostructures @ N-doped carbon for stable and high-rate sodium storage. J Energy 
Chem 71:1–11. https://doi.org/10.1016/j.jechem.2022.03.033

Corval ARC, Mesquita E, Corrêa TA, Silva CSR, Bitencourt ROB, Fernandes EKK, Bittencourt VREP, Gôlo 
OS (2020) UV-B tolerances of conidia, blastospores, and microsclerotia of Metarhizium spp. Entomo-
pathogenic fungi. J Basic Microbiol 61(1):15–26. https://doi.org/10.1002/jobm.202000515

Cowles RS, Cowles EA, McDermott AM, Ramoutar D (2000) Inert formulation ingredients with activity: 
toxicity of trisiloxane surfactant solutions to twospotted spider mites (Acari: Tetranychidae). J Econ 
Entomol 93(2):180–188. https://doi.org/10.1603/0022-0493-93.2.180

da Silva JB, Rangel CP, de Azevedo Baêta B, da Fonseca AH (2013) Influence of the physiological state on 
infestation by Rhipicephalus microplus in dairy cows. Ticks Tick Borne Dis 4(1–2):52–56. ​h​t​t​p​s​:​/​/​d​o​i​.​
o​r​g​/​1​0​.​1​0​1​6​/​j​.​t​t​b​d​i​s​.​2​0​1​2​.​0​7​.​0​0​3​​​​​​​

Drummond RO, Gladney WJ, Whetstone TM, Ernst SE (1971) Laboratory testing of insecticides for control 
of the winter tick. J Econ Entomol 64(3):686–688. https://doi.org/10.1093/jee/64.3.686

Dzemo WD, Thekisoe O, Vudriko P (2022) Development of acaricide resistance in cattle tick populations: 
a systematic review and meta-analysis. Heliyon 8(1):e08718. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​j​.​​h​e​l​i​y​​o​n​.​2​0​2​​2​.​e​
0​​8​7​1​8

Et-tazy L, Lamiri A, Krimi Bencheqroun S et al (2025) Exploring synergistic insecticidal effects of binary 
mixtures of major compounds from six essential oils against Callosobruchus maculatus. Sci Rep 
15:15180. https://doi.org/10.1038/s41598-025-98566-z

Fernandes EKK, Keyser CA, Rangel DEN, Fostaer RN, Roberts DW (2010) CTC medium: a novel dodine-
free selective medium for isolating entomopathogenic fungi, especially Metarhizium acridum, from 
soil. Biol Control 54:197–205. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​j​.​​b​i​o​c​o​​n​t​r​o​l​.​​2​0​1​0​​.​0​5​.​0​0​9

Humber R (2012) Preservation of entomopathogenic fungal cultures. Man Techniques Invertebrate Pathol. ​h​
t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​B​9​​7​8​-​0​-​​1​2​-​3​8​6​​8​9​9​-​​2​.​0​0​0​1​0​-​5

Kaay GP, Hassan S (2000) Entomogenous fungi as promising biopesticides for tick control. Exp Appl Acarol 
24(12):913–926. https://doi.org/10.1023/a:1010722914299

Kim JS, Je YH, Woo EO, Park JS (2011) Persistence of Isaria fumosorosea (Hypocreales: Cordycipitaceae) 
SFP-198 conidia in corn oil-based suspension. Mycopathologia 171(1):67–75. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​
/​s​1​1​0​4​6​-​0​1​0​-​9​3​3​6​-​z​​​​​​​

Klafke GM, Golo PS, Monteiro CMO, Costa-Júnior LM, Reck J (2024) Brazil’s battle against Rhipi-
cephalus (Boophilus) Microplus ticks: current strategies and future directions. Rev Bras Parasitol Vet 
33(2):e001423. https://doi.org/10.1590/S1984-29612024026

Klamerus-Iwan A, Błońska E, Lasota J et al (2015) Influence of oil contamination on physical and biological 
properties of forest soil after chainsaw use. Water Air Soil Pollut 226(10):337. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​
/​s​1​1​2​7​0​-​0​1​5​-​2​6​4​9​-​2​​​​​​​

Lagunes-Quintanilla R, Gómez-Romero N, Mendoza-Martínez N, Castro-Saines E, Galván-Arellano D, 
Basurto-Alcantara FJ (2024) Perspectives on using integrated tick management to control Rhipicepha-
lus microplus in a tropical region of Mexico. Front Vet Sci 11:1497840. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​3​3​8​9​/​f​v​e​t​s​.​
2​0​2​4​.​1​4​9​7​8​4​0​​​​​​​

Lee CT, Lee MB, Mong GR, Chong WWF (2022) A bibliometric analysis on the tribological and physi-
cochemical properties of vegetable oil-based bio-lubricants (2010–2021). Environ Sci Pollut Res Int 
29(37):56215–56248. https://doi.org/10.1007/s11356-022-19746-2

Lei CJ, Ahmad RHIR, Halim NA, Asib N, Zakaria A, Azmi WA (2023) Bioefficacy of an oil-emulsion for-
mulation of entomopathogenic fungus, Metarhizium anisopliae against adult red palm weevil, Rhyn-
chophorus ferrugineus. Insects 14:482. https://doi.org/10.3390/insects14050482

Lopes RB, de Souza DA, Inglis PW, Faria M (2023) Diversity of anamorphic Cordyceps (formerly Isaria) 
isolated from Brazilian agricultural sites. J Invertebr Pathol 200:107956. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​j​i​p​.​
2​0​2​3​.​1​0​7​9​5​6​​​​​​​

1 3

Page 21 of 24  26

https://doi.org/10.1016/j.vetpar.2012.03.012
https://doi.org/10.1016/j.vetpar.2014.07.011
https://doi.org/10.1016/j.vetpar.2016.04.014
https://doi.org/10.1007/s00436-024-08291-1
https://doi.org/10.1016/j.jechem.2022.03.033
https://doi.org/10.1002/jobm.202000515
https://doi.org/10.1603/0022-0493-93.2.180
https://doi.org/10.1016/j.ttbdis.2012.07.003
https://doi.org/10.1016/j.ttbdis.2012.07.003
https://doi.org/10.1093/jee/64.3.686
https://doi.org/10.1016/j.heliyon.2022.e08718
https://doi.org/10.1016/j.heliyon.2022.e08718
https://doi.org/10.1038/s41598-025-98566-z
https://doi.org/10.1016/j.biocontrol.2010.05.009
https://doi.org/10.1016/B978-0-12-386899-2.00010-5
https://doi.org/10.1016/B978-0-12-386899-2.00010-5
https://doi.org/10.1023/a:1010722914299
https://doi.org/10.1007/s11046-010-9336-z
https://doi.org/10.1007/s11046-010-9336-z
https://doi.org/10.1590/S1984-29612024026
https://doi.org/10.1007/s11270-015-2649-2
https://doi.org/10.1007/s11270-015-2649-2
https://doi.org/10.3389/fvets.2024.1497840
https://doi.org/10.3389/fvets.2024.1497840
https://doi.org/10.1007/s11356-022-19746-2
https://doi.org/10.3390/insects14050482
https://doi.org/10.1016/j.jip.2023.107956
https://doi.org/10.1016/j.jip.2023.107956


Experimental and Applied Acarology (2026) 96:26

Marciano AF, Golo PS, Coutinho-Rodrigues CJB, Camargo MG, Fiorotti J, Mesquita E, Corrêa TA, Perinotto 
WMS, Bittencourt VREP (2020) Metarhizium anisopliae sensu Lato (s.l.) oil-in-water emulsions drasti-
cally reduced Rhipicephalus microplus larvae outbreak population on artificially infested grass. Med 
Vet Entomol 34(4):488–492. https://doi.org/10.1111/mve.12445

Marciano AF, Mascarin GM, Franco RFF, Golo PS, Jaronski ST, Fernandes ÉKK, Bittencourt VREP (2021) 
Innovative granular formulation of Metarhizium Robertsii microsclerotia and blastospores for cattle 
tick control. Sci Rep 11(1):4972. https://doi.org/10.1038/s41598-021-84142-8

Marques CB, Ramos F, Fernandes F, Sangioni LA, Kommers G, Unterleider CE, Flores-Vogel FS (2019) In 
vitro and in vivo acaricidal activity evaluation of organo-modified siloxanes in populations of Rhipi-
cephalus microplus. Vet Parasitol 269:53–56. https://doi.org/10.1016/j.vetpar.2019.04.013

Meirelles LN, Mesquita E, Corrêa TA, Bitencourt ROB, Oliveira JL, Fraceto LF, Camargo MG, Bittencourt 
VREP (2023) Encapsulation of entomopathogenic fungal conidia: evaluation of stability and control 
potential of Rhipicephalus Microplus. Ticks Tick Borne Dis 14(4):102184. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​t​
t​b​d​i​s​.​2​0​2​3​.​1​0​2​1​8​4​​​​​​​

Mesquita E, Marciano AF, Corval ARC, Fiorotti J, Corrêa TA, Quinelato S, Bittencourt VREP, Golo PS 
(2020) Efficacy of a native isolate of the entomopathogenic fungus Metarhizium anisopliae against 
larval tick outbreaks under semifield conditions. Biocontrol 65:353–362. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​/​s​1​0​5​
2​6​-​0​2​0​-​1​0​0​0​6​-​1​​​​​​​

Mesquita E, Hu S, Lima TB, Golo PS, Bidochka MJ (2023) Utilization of Metarhizium as an insect bio-
control agent and a plant bioinoculant with special reference to Brazil. Front Fungal Biol 4:1276287. 
https://doi.org/10.3389/ffunb.2023.1276287

Muniz ER, Paixão FRS, Barreto LP, Luz C, Arruda W, Angelo IC, Fernandes EKK (2020) Efficacy of 
Metarhizium anisopliae conidia in oil-in-water emulsion against the tick Rhipicephalus Microplus 
under heat and dry conditions. Biocontrol 65:339–351. https://doi.org/10.1007/s10526-020-10002-5

Murillo-Alonso KT, Salazar-Magallón JÁ, Olarte-Lozano MO, Peña-Chora G, Hernández-Baltazar E, Toi-
ello C, Hernández-Velázquez VM (2023) Evaluation of Isaria Javanica (Hypocreales: Cordycipitaceae) 
oil dispersion formulations for the control of Bemisia tabaci (Hemiptera: Aleyrodidae). Int J Trop Insect 
Sci 43:2179–2187. https://doi.org/10.1007/s42690-023-01120-5

Nogueira MRS, Camargo MG, Rodrigues CJBC, Marciano AF, Quinelato S, Freitas MC, Fiorotti J, Sá FA, 
Perinotto WMS, Bittencourt VREP (2020) In vitro efficacy of two commercial products of Metarhi-
zium anisopliae s.l. For controlling the cattle tick Rhipicephalus Microplus. Rev Bras Parasitol Vet 
29(2):e000220. https://doi.org/10.1590/S1984-29612020035

Paixão FRS, Muniz ER, Barreto LP, Bernardo CC, Mascarin GM, Luz C, Fernandes EKK (2017) Increased 
heat tolerance afforded by oil-based conidial formulations of Metarhizium anisopliae and M. robertsii. 
Biocontrol Sci Technol 27(3):324–337. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​8​0​/​0​9​​5​8​3​1​5​​7​.​2​0​1​7​​.​1​2​8​​1​3​8​0

Polyak YM, Tikhonov AN, Frolova EV et al (2023) Long-term effects of oil contamination on soil quality 
and metabolic function. Environ Sci Pollut Res 30(10):28567–28579. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​/​s​1​0​6​5​3​-​0​
2​3​-​0​1​7​7​9​-​2​​​​​​​

Prieto García F, García Alonso J, Garrido Hoyos SE, López López JM, Esteban Santos A, Prieto González A 
(2016) Determination of organic matter by infrared spectroscopy (FTIR) in soil barley growers. Asian J 
Chem 28(12):2798–2804. https://doi.org/10.14233/ajchem.2016.20130

Quinelato S, Golo PS, Perinotto WM, Sá FA, Camargo MG, Angelo IC, Moraes AM, Bittencourt VR (2012) 
Virulence potential of Metarhizium anisopliae s.l. Isolates on Rhipicephalus (Boophilus) Microplus 
larvae. Vet Parasitol 190(3–4):556–565. https://doi.org/10.1016/j.vetpar.2012.06.028

Reck J, Klafke GM, Webster A, Dall’Agnol B, Scheffer R, Souza UA, Corassini VB, Vargas R, dos Santos JS, 
Martins JR (2014) First report of Fluazuron resistance in Rhipicephalus microplus: a field tick popula-
tion resistant to six classes of acaricides. Vet Parasitol 201(1–2):128–136. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​v​e​
t​p​a​r​.​2​0​1​4​.​0​1​.​0​1​2​​​​​​​

Rosado-Aguilar JA, Arjona-Cambranes K, Torres-Acosta JFJ, Rodríguez-Vivas RI, Bolio-González ME, 
Ortega-Pacheco A, Alzina-López A, Gutiérrez-Ruiz EJ, Gutiérrez-Blanco E, Aguilar-Caballero AJ 
(2017) Plant products and secondary metabolites with acaricide activity against ticks. Vet Parasitol 
238:66–76. https://doi.org/10.1016/j.vetpar.2017.03.023

Samish M, Rot A, Ment D, Barel S, Glazer I, Gindin G (2014) Efficacy of the entomopathogenic fungus 
Metarhizium brunneum in controlling the tick Rhipicephalus annulatus under field conditions. Vet Para-
sitol 206(3–4). https://doi.org/10.1016/j.vetpar.2014.10.019. 258 – 66

Santi L, Silva LAD, Silva WOB, Corrêa APF, Rangel DEN, Carlini CR, Schrank A (2011) Virulence of the 
entomopathogenic fungus Metarhizium anisopliae using soybean oil formulation for control of the cot-
ton stainer bug Dysdercus Peruvianus. World J Microbiol Biotechnol 27:2297–2303. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​
.​1​0​0​7​/​s​1​1​2​7​4​-​0​1​0​-​0​6​6​9​-​3​​​​​​​

1 3

26  Page 22 of 24

https://doi.org/10.1111/mve.12445
https://doi.org/10.1038/s41598-021-84142-8
https://doi.org/10.1016/j.vetpar.2019.04.013
https://doi.org/10.1016/j.ttbdis.2023.102184
https://doi.org/10.1016/j.ttbdis.2023.102184
https://doi.org/10.1007/s10526-020-10006-1
https://doi.org/10.1007/s10526-020-10006-1
https://doi.org/10.3389/ffunb.2023.1276287
https://doi.org/10.1007/s10526-020-10002-5
https://doi.org/10.1007/s42690-023-01120-5
https://doi.org/10.1590/S1984-29612020035
https://doi.org/10.1080/09583157.2017.1281380
https://doi.org/10.1007/s10653-023-01779-2
https://doi.org/10.1007/s10653-023-01779-2
https://doi.org/10.14233/ajchem.2016.20130
https://doi.org/10.1016/j.vetpar.2012.06.028
https://doi.org/10.1016/j.vetpar.2014.01.012
https://doi.org/10.1016/j.vetpar.2014.01.012
https://doi.org/10.1016/j.vetpar.2017.03.023
https://doi.org/10.1016/j.vetpar.2014.10.019
https://doi.org/10.1007/s11274-010-0669-3
https://doi.org/10.1007/s11274-010-0669-3


Experimental and Applied Acarology (2026) 96:26

Siniawski MT, Saniei N, Adhikari B, Doezema LA (2007) Influence of fatty acid composition on the tribo-
logical performance of two vegetable-based lubricants. Lubri Sci 24(2):101–110. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​
0​2​/​j​s​l​.​3​2​​​​​​​

Tamada IS, Montagnolli RN, Lopes PRM, Bidoia ED (2012) Toxicological evaluation of vegetable oils and 
biodiesel in soil during the biodegradation process. Braz J Microbiol 43(4):1576–1581. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​r​​g​/​​
1​0​.​​1​5​​9​0​/​​S​1​​5​1​7​​-​8​3​8​2​​2​0​1​2​​0​0​0​4​0​0​0​4​2

Wang L, Lai Y, Chen J, Cao X, Zheng W, Dong L, Zheng Y, Li F, Wei G, Wang S (2023) The ASH1-PEX16 
regulatory pathway controls peroxisome biogenesis for appressorium-mediated insect infection by a 
fungal pathogen. Proc Natl Acad Sci U S A 120(4):e2217145120. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​7​3​/​p​n​a​s​.​2​2​1​7​1​
4​5​1​2​0​​​​​​​

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Authors and Affiliations

Joana da  Rocha Matos1  · Adriani da  Silva Carneiro1  · Thaís Almeida Corrêa1  · 
Emily Mesquita6  · Laura Nobrega Meirelles1  · Victória Silvestre Bório1  · 
Américo de  Castro Monteiro-Sobrinho1  · Tadeu Augusto van Tol de  Castro2  · 
Andrés Calderín García2  · Mariana Guedes Camargo3  ·  
Isabele da  Costa Angelo4  · José Francisco Arruda e Silva5  · Eliane Dias Quintela5 · 
Patrícia Silva Gôlo6  · Vânia Rita Elias Pinheiro Bittencourt6

	
 Vânia Rita Elias Pinheiro Bittencourt
vaniabit@ufrrj.br

Joana da Rocha Matos
rochajoana51@gmail.com

Adriani da Silva Carneiro
adrianilopes@gmail.com

Thaís Almeida Corrêa
thaisalmeida_tac@yahoo.com.br

Emily Mesquita
emilymesquita@ufrrj.br

Laura Nobrega Meirelles
laura-meirelles@hotmail.com

Victória Silvestre Bório
vicborio@hotmail.com

Américo de Castro Monteiro-Sobrinho
am_ene@hotmail.com

Tadeu Augusto van Tol de Castro
tadeuvantol@gmail.com

Andrés Calderín García
cg.andres@gmail.com

Mariana Guedes Camargo
marigcamargo@gmail.com

Isabele da Costa Angelo
isabeleangelo@yahoo.com.br

José Francisco Arruda e Silva
jose.arruda-silva@embrapa.br

1 3

Page 23 of 24  26

https://doi.org/10.1002/jsl.32
https://doi.org/10.1002/jsl.32
https://doi.org/10.1590/S1517-83822012000400042
https://doi.org/10.1590/S1517-83822012000400042
https://doi.org/10.1073/pnas.2217145120
https://doi.org/10.1073/pnas.2217145120
http://orcid.org/0009-0007-7195-7976
http://orcid.org/0000-0001-6141-8548
http://orcid.org/0000-0001-6909-2925
http://orcid.org/0000-0002-4263-1332
http://orcid.org/0000-0002-2214-5038
http://orcid.org/0000-0002-1748-0747
http://orcid.org/0000-0003-4046-6668
http://orcid.org/0000-0003-4095-3976
http://orcid.org/0000-0001-5963-3847
http://orcid.org/0000-0003-4132-8910
http://orcid.org/0000-0003-3698-8340
http://orcid.org/0000-0002-0604-8174
http://orcid.org/0000-0003-1854-7488
http://orcid.org/0000-0001-8473-8501


Experimental and Applied Acarology (2026) 96:26

Eliane Dias Quintela
eliane.quintela@embrapa.br

Patrícia Silva Gôlo
patriciagolo@gmail.com

1	 Postgraduate Program in Veterinary Sciences, Veterinary Institute, Federal Rural University of 
Rio de Janeiro, RJSeropédica, Brazil

2	 Laboratory of Soil Biological Chemistry, Department of Soils, Institute of Agronomy, Federal 
Rural University of Rio de Janeiro, Seropédica, RJ, Brazil

3	 University of Vassouras, Vassouras, RJ, Brazil
4	 Department of Epidemiology and Public Health, Veterinary Institute, Federal Rural University 

of Rio de Janeiro, Seropédica, RJ, Brazil
5	 Laboratory of Entomology, EMBRAPA Rice and Beans, GOSanto Antônio de Goiás, Brazil
6	 Department of Animal Parasitology, Veterinary Institute, Federal Rural University of Rio de 

Janeiro, Seropédica, RJ, Brazil

1 3

26  Page 24 of 24


	﻿Corn oil-formulated ﻿Cordyceps javanica﻿: a high-performance, low-impact tool for integrated tick management
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Rhipicephalus microplus ticks
	﻿Fungal strain
	﻿Effect of corn and silicone oils on ﻿Cordyceps javanica﻿ conidial germination
	﻿In vitro bioassay with ﻿Rhipicephalus microplus﻿ larvae
	﻿In vitro bioassay with ﻿Rhipicephalus microplus﻿ engorged females
	﻿Semi-field bioassay with ﻿Rhipicephalus microplus﻿ females
	﻿Persistence of ﻿Cordyceps javanica﻿ in the treated soil
	﻿Analysis of soil samples by attenuated total reflection fourier transform infrared spectroscopy (ATR – FTIR)
	﻿Chemometric analyses of ATR-FTIR spectral data
	﻿Statistical analysis

	﻿Results
	﻿Effect of corn oil and silicone on ﻿Cordyceps javanica﻿ conidial germination



