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Abstract The efficacy of spot-spray application of

conidia of Metarhizium anisopliae (Metsch.) Sorok. con-

idia formulated in an emulsifiable extract of Calpurnia

aurea (Ait.) Benth in attracting and infecting Rhipiceph-

alus appendiculatus Neumann, 1901 ticks was evaluated

in semi-field experiments. Formulation was applied on a

900-cm2 spot and ticks released from various distances.

Attracted ticks were individually placed in glass vials to

determine the number of M. anisopliae conidia picked by

a single tick. Infected ticks were either transferred in glass

vials or maintained in the laboratory until death or

exposed to rabbits in order to investigate the effects of

fungal infection on feeding and potential reproduction

parameters. Data showed that individual ticks picked

between 3.2 and 4.1 9 105 conidia. Mortality of 83 %

was observed among ticks maintained in the laboratory

conditions. The engorgement period of fungus-infected

ticks significantly increased by 16 % compared to the

control. A significant reduction (P\ 0.0001) was recor-

ded in body weight, egg-mass and egg hatchability from

fungus-infected females. It is therefore possible to use M.

anisopliae formulated in C. aurea extract for an integrated

pest management approach. This study showed that con-

idia of M. anisopliae formulated in C. aurea extract are

effective in attracting, infecting and causing mortalities of

R. appendiculatus ticks. Moreover, the reproduction per-

formance of fungus-infected females was significantly

reduced.
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Key message

The attraction response of Rhipicephalus appendiculatus

to Calpurnia aurea extract has previously been demon-

strated. However, no attempt has been made to combine

this plant extract with a bioacaricide. This study showed

that conidia of Metarhizium anisopliae formulated in C.

aurea extract were effective in attracting, infecting and

killing R. appendiculatus. Moreover, the reproduction

potential of infected female ticks was significantly

reduced when compared to the control. It is therefore

possible to use both agents as components of integrated

tick management.
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Introduction

Ticks are blood-sucking ectoparasites of mammals, birds

and reptiles capable of transmitting diseases in humans,

domestic and wild animals, thereby inflicting great eco-

nomic losses in livestock in many regions of the world

(Hoogstraal and Aeschlimann 1982; Jongejan and Uilen-

berg 2004). The most effective and widely used method

employed for tick control depends largely on synthetic

chemical acaricides (Aguirre et al. 2000; George et al.

2004; Pound et al. 2009). Heavy reliance on these pesti-

cides in the past has risen toxicological, environmental and

non-target concerns (Ducornez et al. 2005; Schulze et al.

2005). Moreover, acaricide resistance problems (Castro-

Janer et al. 2010) have prompted the search for new

alternative and sustainable methods which are safe and

affordable.

Entomopathogenic fungi are being considered among

the most promising agents for biological control of ticks

(Maniania et al. 2007; Souza et al. 2010; Fernandes et al.

2012). Conidia infect the host through cuticle (Samish and

Rehacek 1999) and can cause epizootics in pest popula-

tions through transfer of inoculum among conspecifics

(Polar et al. 2008; Maniania et al. 2013). Moreover,

entomopathogenic fungi have no or less effect on the

environment and non-target organisms (Zimmermann

2007).

Entomopathogenic fungi are generally applied in an in-

undative and augmentative approach (Lacey and Goettel

1995). For instance, Kaaya and Hassan (2000) reported a

significant reduction in larval population of Rhipicephalus

appendiculatus Neumann, 1901 (Acari:Ixodidae) on cattle

following spray applications of entomopathogenic fungi in

grazing pastures. However, a new strategy is currently being

investigated by which pests are infected after being attracted

into a focus of a pathogen (Vega et al. 2007). This approach

was recently tested in the field against Amblyomma varieg-

atum Fabricius (Acari:Ixodidae) using a Metarhizium ani-

sopliae (Metsch.) Sorok. (Ascomycota:Hypocreales)-treated

semiochemical-baited trap, resulting in significant reduction

of the tick population (Nchu et al. 2010a). The semio-

chemical used in the study was an attraction aggregation and

attachment pheromone (AAAP) which is a blend of ortho-

nitrophenol, methyl salicylate and nonanioc acid. It is

commercially available but might not be accessible to

countryside farmers, in addition to the difficulty of formu-

lating the right concentration. Plant extract of Calpurnia

aurea (Ait.) Benth (Fabales:Fabaceae) was recently reported

to attract ticks of the genus Rhipicephalus in semi-field

experiments (Nana et al. 2010). It was also reported to be

compatible with conidia ofM. anisopliae (Nana et al. 2012).

In the present study, we evaluate the prospects of attracting

and infecting adult R. appendiculatus ticks with conidia of

M. anisopliae formulated in emulsifiable leaf extract of C.

aurea in semi-field experiments.

Materials and methods

Tick

Two- to three-month-old unfed adult R. appendiculatus

ticks were obtained from the Tick Rearing Facility of

International Centre of Insect Physiology and Ecology

(icipe’s) Animal Rearing and Containment Unit.

Plant material and preparation of the plant extract

Calpurnia aurea leaf powder (100 g) was obtained from

Professor Eloff J.N., University of Pretoria, South Africa.

It was macerated in 500 ml emulsifiable solution con-

sisting of 49.5 % corn oil (Elianto�, BIDCO Oil Refin-

eries Ltd, Kenya), 49.5 % sterile distilled water and 1 %

Tween 20 for 6 h at 40 �C. The mixture was then filtered

and the concentration of 100 mg ml-1 prepared by serial

dilution.

Conidia production and formulation

Metarhizium anisopliae sensu stricto (ss) (Metsch.) Sorok.

isolate ICIPE 07 used in this study was obtained from the

icipe’s Arthropod Germplasm Centre. The strain was iso-

lated from an engorged female A. variegatum collected

from Rusinga Island, Kenya, in 1996 and was previously

reported to be virulent against R. appendiculatus (Kaaya

et al. 1996). Conidia were mass produced on rice as a

substrate following the method described by Goettel

(1984). To assess the viability of conidia, 100 lL of a

conidial suspension (1.0 9 106 conidia ml-1) was spread

on SDA plates. The suspension was equally distributed

with glass rod and incubated at 26 ± 1 �C in darkness.

After 18–20 h, conidia were fixed with a solution of lactic

acid and cotton blue to stop germination. The percentage of

germination was determined by counting approximately

100 germinated conidia spot-1 under a microscope (4009).

The conidia were scored as viable when the germ tubes

were at least as long as the swollen conidia (Schumacher

and Poehling 2012). Conidial germination [90 % after

18–20 h on Sabouraud dextrose agar was considered ade-

quate for use in the field trials. Conidia of M. anisopliae

were suspended in 1 l of emulsifiable formulation of C.

aurea extract previously prepared as described above.

Conidia were counted using an improved Neubauer

counting chamber and conidial suspension was adjusted to

1 9 109 ml-1. No conidia were added in the emulsifiable

extract of C. aurea in the control treatments.
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Performance of M. anisopliae formulated

in emulsifiable extract of C. aurea in attracting

and infecting R. appendiculatus in semi-field

experiments

This experiment was conducted to determine whether R.

appendiculatus ticks would be attracted to spots treated

with M. anisopliae formulated in emulsifiable extract of C.

aurea and get infected. Experiments were carried out at

icipe’s Headquarters, Duduville, Nairobi, Kenya, from 1st

to 20th December 2009 using a protocol similar to the one

described by Nchu et al. (2009). The grass within the

experimental plot (10 9 10 m) was cut to a height of about

5 cm. The plot was marked at 1-m intervals from the centre

up to 5 m. The centre of the plot (approximately 900-cm2)

was the focus where M. anisopliae formulated in emulsi-

fiable extract of C. aurea was applied (Fig. 1) using a 1-L

hand sprayer at an output of approximately 75 L/ha. In the

control plots, the area was treated with an emulsifiable

formulation of plant extract without the fungus. A plastic

beaker containing approximately 70 g of solid CO2

obtained from Carbacid Limited (Kenya) was placed at the

centre of the spot to increase tick attraction (Maranga et al.

2006; Nchu et al. 2010a). CO2 is known to play an

important role in the host-seeking process.

Attraction experiment

Ticks were spot-painted distinctly by using artist’s paint

(Rowney Geogian oil colour, made in England, London

HA 35 RH) according to the distance of release. Twenty

ticks (10 males and 10 females) per replicate were released

at a distance of 1, 2, 3, 4 and 5 m downwind from the plot

centre. Each treatment consisted of five replicates for each

distance. Experiments were carried out in the morning

between 0700 and 1100 h. The temperature above ground

during the experimental period ranged between 20 and

25 �C (under the sun) and 50–70 % RH. Each experiment

was carried out on a separate plot to avoid cross

contamination.

Infection experiment

Ticks that succeeded in reaching the treated spot were

collected individually and transferred to labelled 2-cm

diameter glass vials and brought to the laboratory. Four

ticks for each distance per treatment were randomly

selected and transferred individually onto 10-ml vials in

order to estimate the number of conidia picked up by a

single tick while visiting the sprayed spot after treatment.

Vials were filled with 5 ml 0.05 % Triton X-100 and

vortexed for 5 min to dislodge conidia from the tick sur-

face. The number of conidia was determined using the

improved Neubauer counting chamber (Nchu et al. 2009).

Approximately 6–8 presumably infected ticks per replicate

were maintained at 26 ± 1 �C, 85 ± 5 % RH and a 12:12-

h L:D photoperiod for 2 weeks. Mortality was recorded

after 2 weeks. Dead ticks were surface-sterilized with

2.5 % sodium hypochlorite and 70 % alcohol, and rinsed

twice in sterile distilled water. They were then placed onto

a 9-cm Petri dish lined with moistened filter paper to favour

the development of Metarhizium on the surface of the

cadaver. Petri dishes were sealed with paraffin and main-

tained at room temperature (26 ± 2 �C). Two sets of

experiments were carried out.

Fig. 1 Schematic

representation of a semi-field

plot for attraction and infection

of Rhipicephalus

appendiculatus (a). The zone of

infection consisted of a circular

section of 900-cm2 that was

sprayed with emulsifiable C.

aurea extract containing fungal

suspension (b)
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Effect of fungal infection on blood meal intake

and reproduction potential of female ticks

Ten ticks were randomly selected from the experiment

described above and transferred to cotton cloth sleeves (ear-

bags) in a ratio of 1:1 male to female and attached to the

back of naı̈ve rabbits using leucoplast to allow them to

attach and feed. This experiment consisted of five replicates

and was repeated two times. The period of feeding, weight

of engorged ticks, and reproduction parameters including

oviposition period, number of eggs and egg viability were

recorded. The control treatment was similar to the fungus

one, except that formulation was fungal conidia-free. Test-

ticks were maintained at 26 ± 2 �C, 55 ± 5 % RH and a

12:12 h L:D photoperiod for two weeks.

Data analysis

The percentage of ticks that were attracted to treatments

and the number of conidia picked by individual ticks were

pooled across replicates and means were subjected to

analysis of variance (ANOVA) followed by Student

Newman Keul’s test. A Student’s t test was used to com-

pare the arcsin square root-transformed data of mortality

and reproduction parameters at P = 0.05 significance

level. Egg conversion efficiency was expressed as the

weight of egg mass per weight of engorged female at

dropping off (Leemon et al. 2008). All analyses were

performed using the SAS Institute (2001) package.

Results

Attraction and infection of R. appendiculatus ticks

No significant differences were observed in the attraction

between M. anisopliae formulated in emulsifiable extract

of C. aurea and the control (fungus-free) treatments. There

were however significant differences in the attraction

according to the distance of release. Fewer ticks were

attracted from 5 m compared to 1–3 m (ANOVA:

F = 36.44; df = (4, 121); P = 0.001) (Table 1). No

conidium was found in the control treatment. The number

of conidia picked by individual ticks (data pooled across

replicates) visiting the treated spot ranged between 3.2 and

4.1 9 105 conidia. Ticks attracted from 1 m significantly

picked more conidia (F = 3.61; df = (4, 60); P\ 0.01)

than from 4–5 m (Fig. 2). Mortality of field-collected ticks

was significantly higher (t = 13.34; df = 1; P\ 0.001) in

plots treated with fungus (83 %) than in the control (3 %)

treatments regardless of the distance of attraction (Fig. 3).

All the ticks that died in fungus-treated plots developed

mycosis. No mycosis was observed on dead ticks collected

from the control treatment.

Effects of fungal infection on R. appendiculatus blood

meal intake and reproduction potentials

Tick mortality was 6.6 and 40 % in the control and M. ani-

sopliae formulated in emulsifiable extract of C. aurea treat-

ments, respectively (Table 2). Compared to the control, the

feeding and reproduction potentials of female ticks that sur-

vived fungal infection in the field were negatively affected.

Fungus-infected ticks had significantly (P\ 0.0001) longer

engorgement, pre-oviposition, oviposition and post-oviposi-

tion period of 11.7, 17.5, 16.8 and 31.3 days, respectively,

compared to 8.5, 12.6, 13.5 and 22.7 days, respectively, in the

control (Table 2). Significant reductions in average weight of

engorged females (t = 5.17; df = 20;P\ 0.0001), eggmass

weight (t = 6.99; df = 20; P\ 0.0001), and egg viability

(t = 4.92; df = 20; P\ 0.0001) were recorded in fungus-

treated ticks than in the control treatments (Table 2). The

conversion efficiency (weight of eggs laid/female weight)

followed the same trend (t = 3.61; df = 20; P\ 0.001).

Batches of eggs that failed to hatch and incubated at

26 ± 2 �C and 85 ± 10 % RH developed mycosis on the

surface. No mycosis was observed in the control.

Discussion

Conidia of M. anisopliae formulated in emulsifiable extract

of C. aurea were effective in attracting and infecting adult

R. appendiculatus. The attraction of Rhipicephalus sp. ticks

Table 1 Mean percentage (±SD) of R. appendiculatus attracted to M. anisopliae formulated in emulsifiable extract of C. aurea applied in spot-

spray on the grass in the presence of CO2

Treatments Mean% (±SD) of R. appendicularus attracted

1 m 2 m 3 m 4 m 5 m

C. aurea/M. anisopliae 64.1 ± 4.1aA 57.0 ± 10.1aA 50.1 ± 15.8aAB 42.5 ± 5.7bB 35.1 ± 5.0bB

C. aurea (without fungus) 59.7 ± 5.5aA 54.3 ± 4.1aA 46.2 ± 11.1aAB 41.4 ± 11.4bB 36.3 ± 4.1bB

Means within-column followed by the same lowercase letter and within row bearing the same upper case letter are not significantly different by

t test (P\ 0.05)
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to C. aurea extract was reported earlier by Nana et al.

(2010). The difference in mortality observed between ticks

brought to the laboratory (83 %) and the ones maintained

on rabbits (40 %) can be explained by the fact that ticks on

rabbits were maintained at 55 % RH as opposed to 85 %

RH in the case of the other treatment. High relative

humidity and temperature are known to influence the effi-

cacy of entomopathogenic fungi (Inglis et al. 2001). For

example, Shipp et al. (2003) reported that a 97.5 % RH

resulted in significantly higher percentage of infection

(60–88.8 %) of greenhouse arthropod pests by Beauveria

bassiana (Bals.-Criv.) Vuill. (Ascomycota:Hypocreales)

while at 75 and 80 % RH only 15.3–43.9 % of the insects

were infected. Polar et al. (2008) found that temperature on

all locations of the cattle surface was higher than the

environmental temperature. The temperature on the rabbit

skin might have also therefore affected the efficacy of the

fungus. Most of the ticks infected in the field and brought

to the laboratory succumbed to fungal infection confirming

the virulence of this fungal isolate to this species of ticks

(Nchu et al. 2010a). Reduction in R. appendiculatus pop-

ulations has previously been achieved in grazing pastures

by inundative applications of entomopathogenic fungi

(Kaaya and Hassan 2000). However, this approach is

expensive considering the amount of inoculum to spray

(approximately 1.0 9 1014–1.0 9 1015 conidia ha-1) and

the frequency of applications required because of the short

persistence of the inoculum in the field (Nchu et al. 2009,

2010b). Moreover, such an approach may have negative

impact on non-target organisms (Pell et al. 2001). M.

anisopliae formulated in emulsifiable extract of C. aurea

and spot-sprayed in the field could be more economical

since it reduces the area to be treated with a mycoacaricide.

Fungal infection of adult female R. appendiculatus ticks

resulted in reduction of blood meal intake and egg masses.

Furthermore, the hatchability of eggs was reduced by

45 %. These results are in agreement with Kaaya et al.

(1996) who reported a reduction of 94 % in fecundity of A.

variegatum treated with M. anisopliae. Similar results were

reported with Metarhizium brunneum Petch (Ascomy-

cota:Hypocreales) against Rhipicephalus sanguineus

(Latreille, 1806) (Rot et al. 2013).

Fungal infection of female ticks resulted in longer

periods of pre-oviposition and oviposition as reported

earlier on Rhipicephalus (Boophilus) annulatus Say, 1821

(Acari:Ixodidae) (Gindin et al. 2001; Perinotto et al. 2012)

and Rhipicephalus (Boophilus) microplus Canestrini, 1888

(Acari:Ixodidae) (Barci 1997). According to Hornbostel

et al. (2004), fungal infection can reduce fitness (fecundity

and body mass) in Ixodes scapularis Say, 1821

(Acari:Ixodidae). These factors coupled with mortality may

lead to significant decrease in the size of the progeny and

play an important role in the management of ticks.

This study represents the first attempt to evaluate the use

of an ethno-veterinary plant in combination with an

entomopathogenic fungus for the control of livestock ticks.

The success of this approach, however, relies on the

availability of powerful pheromones or kairomones and

their compatibility with the pathogen. For instance, C.

aurea leaf extract was found to be compatible with M.

anisopliae while AAAP inhibited all the fungal growth

parameters (Nana et al. 2012). A major advantage of using

ethno-veterinary plant extract such as C. aurea to attract

ticks is that it is a shrub occurring in tropical areas; its

preparation and formulation is simple.

We have demonstrated the potential of using ethno-

veterinary plant C. aurea in combination with the

entomopathogenic fungus M. anisopliae in spot-spray

strategy for off-host tick control. The strategy has an

advantage to attract ticks to a focus where they pick up

Fig. 2 Number of conidia (mean ± SD) picked by a single tick

visiting 9 9 9 cm2-spot sprayed with M. anisopliae formulated in C.

aurea emulsifiable extract. Different letters indicate that the number

of conidia picked at 1 m was significantly different (Student-

Newman-Keul’s test, P\ 0.05)

Fig. 3 Mean percentage mortality (±SD) of R. appendiculatus

caused by spot-spray application of M. anisopliae formulated in

emulsifiable extract of C. aurea on the grass. Different letters indicate

that means were significantly different (Student t test P\ 0.05)
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inoculums. However, further field trials will be needed to

demonstrate the efficacy of this approach in controlling tick

populations on a large-scale.
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