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Abstract Lone star ticks are aggressive ectoparasites of domestic and wild animals, as

well as humans. These ticks can transmit many pathogens that cause disease including

Erhlichia and tularemia. Common compounds used for personal protection and area sprays

are N-diethyl-3-methyl benzamide (DEET) and permethrin, but public concern over per-

sonal and environmental safety require the development of new, safer products. In the

current study, four commercially available products (Wondercide, Essentria IC3, Vet’s

Best, and Mosquito Barrier) were tested for both repellent and toxic effects against lone

star tick nymphs and adults. Overall, all four products were more effective against nymphs

than against adults. Wondercide and Essentria IC3 were as toxic to nymphs as permethrin

at concentrations of 3.13% and higher, and as repellent as DEET at all concentrations.

Nymphs were also repelled by Mosquito Barrier and Vet’s Best, but these products had

about half or less of the repellent effects of Wondercide and Essentria IC3 at most of the

concentrations. Adult ticks were repelled similarly by all products at all tested concen-

trations, but at lower levels than nymphs. Toxicity of the four tested products on adults was

similar at concentrations of 12.5% and below, less than half of what was observed with

permethrin with declining effectiveness as concentrations decreased. Overall, these four

products may offer a natural way to repel lone star ticks, but further field testing is needed

to determine rates of application and residual activity.
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Introduction

Lone star ticks (Amblyomma americanum L.) are aggressive ectoparasites affecting human

and animal health. Although already widely distributed, a range expansion of A. ameri-

canum has been observed in the northeastern and midwestern USA (Ginsberg et al. 1991;

Means and White 1997; Springer et al. 2014; Barrett et al. 2015). Many pathogens can be

transmitted by these ticks including Borrelia spp., Southern Tick-Associated Rash Illness

(STARI), human monocytic ehrlichiosis, and tularemia (Childs and Paddock 2003; God-

dard and Varela-Stokes 2009; Stromdahl et al. 2011; Stromdahl and Hickling 2012). These

pathogens can have very serious health consequences (Childs and Paddock 2003; Schulze

et al. 2005; Goddard and Varela-Stokes 2009).

Both environmental control and personal control and protection are important to reduce

the risk of tick bites and tick-borne disease transmission. Area-wide applications with

many formulations of primarily pyrethroid-based acaricides have been shown to reduce

populations of several tick species including A. americanum (Stafford and Kitron 2002;

Ginsberg and Stafford 2005; Piesman and Eisen 2008). However, homeowners may be

reluctant to use residual pesticides because of health concerns, and potentially negative

environmental effects. Other area-wide sprays with more natural products containing the

entomopathogenic fungi Beauvaria bassiana and Metarhizium anisopliae sensu lato have

reduced tick numbers in field trials (Stafford and Allan 2010), but current formulations, in

some cases, do not allow application near waterways due to toxicity to aquatic wildlife. An

evaluation of EcoExempt IC2, a rosemary (Rosmarinus officinalis) and peppermint

(Mentha 9 piperita) oil-based product, showed efficacy similar to the pyrethroid bifen-

thrin in field trials (Rand et al. 2010). Unfortunately, EcoExempt IC2 is no longer com-

mercially available. Efficacy studies on the tick controlling ability of other commercially

available botanically-based products are limited.

The Centers for Disease Control and Prevention (CDC) recommends the use of repel-

lents as personal protection against tick bites, although there are limited proven and safe

options. The most commonly recommended and used product for personal protection is

N,N-diethyl-3-methyl benzamide (DEET) (Bissinger and Roe 2010). However, while

considered safe it has an unpleasant odor and oily texture that may reduce public use. In

addition, continuing public concern about potential toxic effects of DEET has increased the

interest in investigating natural products for tick repellency and toxicity. To increase the

protection of the public from tick bites, alternative effective and safe repellents and area

sprays are needed.

Several natural, plant-derived products have been reported to kill or repel ticks,

including A. americanum (Jaenson et al. 2005; Carroll et al. 2007; Garboui et al. 2007;

Bissinger et al. 2014). Essential oils and other natural plant products have been considered

safe as they may have fewer side-effects than DEET or permethrin. A recent review of the

repellency of natural products to ticks reported a total of 27 plants that exhibit some

repellent activity to various tick species (Bissinger and Roe 2010). Botanical extracts from

clove (Syzygium aromaticum), geranium (Pelargonium graveolens), Alaska yellow cedar

(Chamaecyparis nootkatensis), rosemary and peppermint have been found to be repellent

to some species and life stages of ticks (Panella et al. 1997, 2005; Jaenson et al. 2006;

Thorsell et al. 2006; Meng et al. 2016). Subsequently, commercially available products

containing some of these previously tested plant-derived ingredients have been developed
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and marketed for tick control, although very little or no testing has been done on the

efficacy of these products in formulation. The objective of the current study was to

evaluate the repellent and toxic effects of four natural products marketed for tick control

against lone star ticks.

Materials and methods

Ticks

Both adults and nymphs of the lone star tick, A. americanum, were from a colony main-

tained in a tick rearing facility at Oklahoma State University, Stillwater, OK, USA. Ticks

were held at 22–23 �C, 95 ± 2% RH, and 16:8 h (L:D) photoperiod for at least 7 days

prior to use in bioassays. Nymphs were 2–3 months old (age from last molt), and adults

were 2–4 months old.

Commercial products and control compounds

Technical N,N-diethyl-meta-toluamide (DEET) (97% active ingredient) and technical

permethrin (97% active ingredient) were used as positive controls. DEET was tested as a

standard for evaluation of repellency and permethrin for toxicity against A. americanum.

DEET and permethrin were serial diluted in ethanol and tested at the following concen-

trations of technical material; 100, 50, 25, 12.5, 6.25, 3.12, 1.56, 0.78, 0.39, and 0.19%.

Ethanol is included in many commercial insect repellents, and has been used as negative

control and solvent in previous assays (Mehlhorn et al. 2005; Bissinger et al. 2009; Meng

et al. 2016).

The commercial products tested were Essentria IC3, Wondercide, Mosquito Barrier, and

Vet’s Best. Active ingredients and sources are listed in (Table 1). Each replicate was

evaluated using product from a different distributor and batch number. As with DEET and

permethrin, serial dilutions of each product were made using ethanol for testing at the

following concentrations; 100, 50, 25, 12.5, 6.25, 3.12, 1.56, 0.78, 0.39, and 0.19%.

Repellency bioassay

Repellency was evaluated using the vertical filter paper bioassay (Meng et al. 2016) that

has been described in detail by Carroll et al. (2007). Using this bioassay exploits the natural

climbing behavior of lone star ticks using a 4 9 7 cm rectangular piece of Whatman No. 4

filter paper. This paper was marked with pencil into two 1 9 4 cm areas at each end of the

paper which left a central 4 9 5 cm treatment zone.

For each dilution, 165 ll of DEET and each product was pipetted individually in this

central treatment area ensuring even and complete coverage of each compound across this

4 9 5 cm section, but not crossing the marked end lines.

Each applied product was given 10–15 min to dry prior to use. The treated paper was

held by a bulldog clip and hung from a thin dowel, held by an Aptex No. 10 double clip

work holder (Aptex, Bethel, CT, USA). An arena constructed using a 9-cm-diameter Petri

dish glued in the center of a 15-cm Petri dish was placed below the bioassay apparatus.

This created an area for ticks to drop during the bioassay. The space created between the
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two edges of the Petri dishes was filled with water to create a ‘‘moat’’ area that kept ticks

from escaping.

Ten naı̈ve A. americanum nymphs or five adults at a time (total of 10 adults per

replicate, five male and five female) were released from a plastic snap cap vial and

transferred to the lower untreated zone for testing each concentration on the filter paper

strip. A tick was considered repelled if they stayed in this lower untreated zone, or if they

dropped from the filter paper without having crossed into the upper untreated zone after a

maximum of 15 min. Ticks that climbed to the upper untreated zone were removed to

prevent return to the lower zones. Ethanol was tested at each concentration as a negative

control. Each treatment and concentration was replicated four times.

Toxicity bioassay

The same concentrations used in the repellency bioassays were tested for toxicity to lone

star ticks. Vial coating with treatment products or compounds followed the methodology of

Panella et al. (2005) with modifications. Four-dram size vials (27.25 x 67 mm; Fisher

Scientific, Pittsburgh, PA, USA) were treated by adding 0.25 ml of the appropriate com-

pound and concentration. Vials were then placed horizontally on a commercial hot dog

Table 1 Active and inert ingredients from four commercial products, DEET, and Permethrin tested for
repellency and toxicity to lone star tick (Amblyomma americanum) nymphs and adults

Product Supplier
(all USA)

Active
ingredients

Other ingredients

DEET (technical) Sigma-
Aldrich

St. Louis,
MO

97% N,N-
diethyl-3-
methyl
benzamide

None

Permethrin (technical) Sigma-
Aldrich

97% permethrin None

Essentria IC3 Central Life
Sciences

Council
Bluffs, IA

10% rosemary
oil

5% geraniol 600
2% peppermint

oil

83% oil of wintergreen, white mineral oil,
vanillin, polyglyceryl oleate

Wondercide Natural
Products Flea and
Tick Control

Wondercide
Austin, TX

5.7% cedar oil
2.2% sodium

lauryl sulfate
0.1% sesame oil

92.0% water, polyglyceryl oleate, glycerin,
sodium chloride, ethyl lactate, sodium
citrate, citric acid, vitamin E

Vet’s Best Flea and
Tick Yard and Kennel
Spray

The
Bramton
Company

Irving, TX

0.60%
peppermint oil

1.40% eugenol
(clove extract)

3.45% sodium
lauryl sulfate

94.55% water, sodium benzoate, citric acid

Mosquito Barrier Garlic
Research
Labs

Glendale,
CA

99.3% garlic
extract

0.5% citric acid
0.2% potassium sorbate
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roller (Best Choice Products, Ontario, Canada), and allowed to dry in a fume hood for

24–48 h, or until the product or compound had dried completely. Many of the products had

an oil base so drying times varied by product and compound. The concentration series for

each treatment was completed at the same time as one replicate. Additional vials with

ethanol were prepared at each concentration as a negative control. For the bioassay, 10

naı̈ve A. americanum nymphs or 10 adults (5 males and 5 females) were introduced into

each vial and the vials were then capped with a piece of cotton ball moistened with water.

Vials with ticks were placed in an environmental chamber at 23 �C, 85–90% RH, and a

photo period of 16:8 (L:D). Mortality was evaluated 24 after exposure. Individuals were

considered alive if they exhibited normal behavior, and considered moribund or dead when

they were incapable of movement, failed to maintain normal posture, exhibited uncoor-

dinated movement, were unable to right themselves, or showed no sign of life (motionless).

Data analysis

Because ticks did not exhibit 100% repellency or toxicity to 100% concentration of pro-

duct, meaningful dose response curves could not be generated. Therefore, the percent

mortality was subjected to an analysis of variance (ANOVA) using JMP v.12.1 (SAS

Institute, Cary, NC, USA). Tukey’s honestly significant difference (HSD) test (a = 0.05)

was performed to determine the differences between means produced by different products

(Martinez-Velazquez et al. 2011). There were no differences in response by adult males or

females, so the data were pooled for analysis.

Results

Nymph repellency to Wondercide and Essentria IC3 was not different from DEET at

concentrations of 0.19 and 0.78–100% (Fig. 1a). At 0.39% Wondercide was not statisti-

cally different from DEET, but Essentria IC3 had lower repellency. Overall, Mosquito

Barrier and Vet’s Best were less repellent. At 100%, Vet’s Best was not different in

repellency from Essentria IC3 or Mosquito Barrier, but from 1.56 to 50%, both Vet’s Best

and Mosquito Barrier had lower repellency than the other two products and DEET,

although they were still more effective than the negative control.

The repellency of the tested products to adults was variable. DEET was effective, but

not statistically different from Vet’s Best and Wondercide at concentrations of 25–100%.

At 6.25%, DEET and all products were not different from one another and this patterned

continued throughout the remaining concentrations (Fig. 1b). Several products did not

differ from the control at these lower concentrations, but Wondercide had consistently

greater repellency than the control. At 0.19% DEET, all products, and the control did not

differ in repellency to adult ticks.

Permethrin was highly effective at killing both nymph (Fig. 2a) and adult (Fig. 2b) lone

star ticks. Nymph mortality was at or near 100% from concentrations 1.56–100%. Nymph

mortality declined at subsequent concentrations, but remained more than double than all

tested products. Adult mortality ranged from 70 to 100% with permethrin treatments at

concentrations over 0.39%. Efficacy dropped to 30% adult mortality at 0.19%

concentration.

Toxicity to nymphs was near 100% for all products at 50 and 100% concentration with

little to no variability (Fig. 2a). The toxicity of Wondercide and Essentria IC3 remained
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above 85% mortality at descending concentrations to 6.25%, but declined in subsequent

concentrations. Nymph mortality was below 50% at a concentration of 6.25% of Mosquito

Barrier and Vet’s Best. However, Mosquito Barrier was as effective as Wondercide, and

more effective than Essentria IC3 at concentrations of 0.39–1.56%.

Essentria IC3 was as effective as permethrin at the higher concentrations (25–100%) at

causing adult tick mortality, but toxicity of this product dropped at 12.5%, and was not

different from the other products for the remaining concentrations (Fig. 2b). Overall,

Wondercide, Vet’s Best, and Mosquito Barrier were less effective than permethrin or

Essentria IC3 at the higher concentrations.

Fig. 1 Repellent effects of four botanically based and commercially available natural products marketed
for tick control to lone star tick (Amblyomma americanum) a nymphs and b adults compared to DEET.
Means within a concentration capped with the same letter are not significantly different (Tukey’s HSD test:
p[ 0.05)
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Discussion

The current study evaluated the repellent and toxic effects of four commercially available

products marketed, at least in part, for tick control on lone star tick nymphs and adults.

These compounds were evaluated in comparison with DEET and permethrin, two com-

pounds commonly used against ticks for personal protection and area sprays (Bissinger and

Roe 2010). Nymphs were repelled by Wondercide and Essentria IC3 at similar levels to

DEET at the majority of the tested concentrations. Similarly, both of these compounds had

toxic effects to nymphs that rivaled permethrin at concentrations of 3.13% and higher.

Adult repellency and toxicity was more variable, and all products showed fewer effects

than with the nymphs. However, at lower concentrations all four products were generally

Fig. 2 Mortality of lone star tick (Amblyomma americanum) a nymphs and b adults after 24 h exposure to
four botanically based and commercially available natural products for tick control compared to permethrin.
Means within a concentration capped with the same letter are not significantly different (Tukey’s HSD test:
p[ 0.05)
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as repellent as DEET. It is worth noting that the levels tested were much higher than the

highest recommended label application rates for application o these products which are

water dilutions of 0.063 for both Wondercide and Essentria IC3, and 0.033, and 0.031% for

Vet’s Best, and Mosquito Barrier, respectively.

Previous studies have demonstrated that the essential oils, compounds, or related

compounds found in Wondercide and Essentria IC3 have both toxic and repellent effects to

some species and life stages of ticks. However, one of the challenges of essential oil

products is the species of plant the oil is derived from is not always given. For example,

cedar oil is listed as the primary active ingredient in Wondercide. While the species of

cedar is not acknowledged on the label, essential oil from Alaska yellow cedar,

Chaemaecyparis nootkatensis (D. Don) Spach, has been found to be highly toxic to

immature I. scapularis (Panella et al. 2005). An active component of this oil, nootkatone,

was tested in the field by Dolan et al. (2009). With the addition of emulsified oil, a 5%

spray of nookatone effectively suppressed I. scapularis and A. Americanum immediately

after application, although efficacy declined over the following weeks. Rand et al. (2010)

tested an earlier version of Essentria IC3, EcoExempt IC2, which was found to be nearly as

effective as bifenthrin at reducing blacklegged tick numbers when applied to field plots,

although whether this was from repellent or toxic effects was not investigated. However,

the field application and residual effects of Wondercide and Essentria IC3 have not been

evaluated.

Generally, adult lone star ticks were as susceptible to the repelling effects of Mosquito

Barrier and Vet’s Best as Wondercide and Essentria IC3, and at levels comparable to

DEET, although adult repellency was fairly low overall for most of the tested products,

regardless of concentration. Mosquito barrier has been tested in the field and found to

provide moderate, short term reductions of I. scapularis (Bharadwaj et al. 2015). The

authors suggested that the effects of the garlic were likely repellent, and not toxic. This is

fairly well represented in the current study where the toxic effects of Mosquito Barrier

were low for adult trials and significantly different from Wondercide and Essentria IC3 at

6.25% and lower concentrations, but repellency was comparable to DEET. Clove oil, an

active ingredient in Vet’s Best, has been shown to repel mosquitoes and the sheep tick

Ixodes ricinus L. (Thorsell et al. 2006), and had some repellent effect against A. ameri-

canum nymphs in a similar bioassay by (Meng et al. 2016), although it was not found to be

as effective as DEET in the latter study, a result similarly observed in the current study

with nymphs.

Adult mortality after exposure to all four products was fairly low at 12.5% concen-

tration and below. Combined, these results suggesting that adult lone star ticks are fairly

resistant to any potential toxic effects of these four products, and fairly high levels of

product are needed for any repellency response.

Variability in tick responses were observed for both nymphs and adults. This may be a

result of natural variation in the active ingredients. While the essential oil active ingre-

dients found in these products have been identified to be repellent or toxic to some life

stage or species of ticks, differences in the chemical composition of some botanical

extracts can be caused by variations in genetic variation, geographic origin, seasonal

variation, growth stage, plant part used, post-harvest differences, and other factors (Car-

valho-Filho et al. 2006; Muchjajib and Muchjajib 2010; Soleimani et al. 2011; Mkolo et al.

2011). In the current study, products tested were from different distributors and different

batches, so variation in tick response to products may have been a result of these differ-

ences. In addition, active ingredient effectiveness may have been affected by shelf-life of

the products. To reduce these potential variations, the active compounds in these products
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could be isolated, and put in formulation which would avoid plant-specific differences in

product. It is possible that some of the results were derived from the action of the non-

active formulation, and not completely from the active ingredients.

Even though these products are considered minimum risk pesticides exempt from the

Environmental Protection Agency registration under section 25 (b) of the Federal Insecti-

cide, Fungicide, and Rodenticide Act, because botanical extracts are not formulated for

specific receptors in the target pest species, there is a risk of negative effects to non-target

species after application of any natural product. EcoExempt IC2 was found to be phototoxic to

leafy portions of select understory plants. Little reduction in bees and other pollinators was

observed, but reductions were observed in numbers of coleopteran, hymenoptera, and

collembola 1-week post spray (Elias et al. 2013). It is important that any area spray be used

judiciously and a further study on non-target effects of all of these products is warranted.

While all the tested products showed some repellent and toxic effects at different levels,

Wondercide and Essentria IC3 seemed to be the most consistent with both nymphs and

adults. However, these products were tested at concentrations that were much higher than

those recommended by the label. Further field trials should evaluate the repellent and toxic

effects of these products to lone star ticks. Additional testing of residual activity, non-target

effects, and potential synergism could improve the use of these products as a natural

alternative to synthetic acaricides.
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Jaenson TGT, Garboui S, Pålsson K (2006) Repellency of oils of lemon eucalyptus, geranium and lavender
and the mosquito repellent MyggA Natural to Ixodes ricinus (Acari: Ixodidae) in the laboratory and
field. J Med Entomol 43:731–736

Martinez-Velazquez M, Castillo-Herrera GA, Rosario-Cruz R, Flores-Fernandez JM, Lopez-Ramirez J,
Hernandez-Gutierrez R, Lugo-Cervantes Edel C (2011) Acaricidal effect and chemical composition of
essential oils extracted from Cuminum cyminum, Pimenta dioica and Ocimum basilicum against the
cattle tick Rhipicephalus (Boophilus) microplus (Acari: Ixodidae). Parisitol Res 108:481–487

Means RG, White DJ (1997) New distribution records of Amblyomma americanum (L.) (Acari: Ixodidae) in
New York State. J Vector Ecol 22:133–145

Mehlhorn H, Schmal G, Schmidt J (2005) Extract of the seeds of the plant Vitex agnus castus proven to be
highly efficacious as a repellent against ticks, fleas, mosquitoes and biting flies. Parasitol Res 95:363–365

Meng H, Li AY, Costa LM Jr, Castro-Arellano I, Liu J (2016) Evaluation of DEET and eight essential oils
for repellency against nymphs of the lone star tick, Amblyomma americanum (Acari: Ixodidae). Exp
Appl Acarol 68:241–249

Mkolo NM, Sako KM, Olowoyo JO, Ndlovu S, Magano SR (2011) Variation in the repellency effects of the
leaves of Mentha piperita against adults of Amblyomma hebraeum. African J Biotech 10:11426–11432

Muchjajib U, Muchjajib S (2010) Effect of picking time on essential oil yield of Ylang-Ylang (Cananga
odorata). Acta Hortic 925:243–248

Panella NA, Karchesy J, Maupin GO, Malan JCS, Piesman J (1997) Susceptibility of immature Ixodes
scapularis (Acari: Ixodidae) to plant-derived acaricides. J Med Entomol 34:340–345

Panella NA, Dolan MC, Karchesy JJ, Xiong Y, Peralta-Cruz J, Khasawneh M, Montenieri JA, Maupin GO
(2005) Use of novel compounds for pest control: insecticidal and acaricidal activity of essential oil
components from heartwood of Alaska yellow cedar. J Med Entomol 42:352–358

Piesman J, Eisen L (2008) Prevention of tick-borne diseases. Annu Rev Entomol 53:1–21
Rand PW, Lacombe EH, Elias SP, Lubelczyk CB, St. Amand T, Smith RP Jr (2010) Trial of a minimal-risk

botanical compound to control the vector tick of Lyme disease. J Med Entomol 47:695–698
Schulze TL, Jordan RA, Schulze CJ, Mixson T, Papero M (2005) Relative encounter frequencies and

prevalence of selected Borrelia, Ehrlichia, and Anaplasma infections in Amblyomma americanum and
Ixodes scapularis (Acari:Ixodidae) ticks from central New Jersey. J Med Entomol 42:450–456

Soleimani B, Khosh-Khui M, Ramezani S (2011) Planting date effects on growth, seed yield, essential oil
content and chemical composition of Ajowan. J Appl Biol Sci 5:7–11

Springer YP, Eisen L, Beati L, James AM, Eisen RJ (2014) Spatial distribution of counties in the continental
United States with records of occurrence of Amblyomma americanum (Ixodida: Ixodidae). J Med
Entomol 51:342–351

Stafford KC III, Allan SA (2010) Field applications of entomopathogenic fungi Beauveria bassiana and
Metarhizium anisopliae F52 (Hypocreales: Clavicipitaceae) for the control of Ixodes scapularis (Acari:
Ixodidae). J Med Entomol 47:1107–1115

Stafford KC, Kitron U (2002) Environmental management for Lyme borreliosis control. In: Gray J (ed)
Lyme borreliosis: biology and control. CABI Publishing, Oxon, pp 301–334

Stromdahl EY, Hickling GJ (2012) Beyond Lyme: aetiology of tick-borne human diseases with emphasis on
the south-eastern United States. Zoonoses Pub Health 69:48

Stromdahl EY, Jiang J, Vince M, Richards AL (2011) Infrequency of Rickettsia rickettsii in Dermacentor
variabilis removed from humans, with comments on the role of other human-biting ticks associated
with spotted fever group Rickettsiae in the United States. Vector Borne Zoonotic Dis 11:969–977

Thorsell W, Mikiver A, Tunón H (2006) Repelling properties of some plant materials on the tick Ixodes
ricinus L. Phytomedicine 13:132–134

460 Exp Appl Acarol (2017) 73:451–460

123


	Evaluation of four commercial natural products for repellency and toxicity against the lone star tick, Amblyomma americanum (Acari: Ixodidae)
	Abstract
	Introduction
	Materials and methods
	Ticks
	Commercial products and control compounds
	Repellency bioassay
	Toxicity bioassay
	Data analysis

	Results
	Discussion
	Acknowledgements
	References




