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Abstract

Leaf extracts of Capurnia aurea (Fabaceae) have been reported to attract

ticks and can be considered for use in combination with ento-

mopathogenic fungus in an autodissemination approach, whereby ticks

that are attracted to baited traps are infected with the inoculum. Bioassays

were undertaken to assess the compatibility of aqueous, methanol and

acetone extracts of C. aurea with conidia of Metarhizium anisopliae sensu

stricto (ss) (Hypocreales: Clavicipitaceae) isolate ICIPE 7 in terms of myce-

lial growth, conidial production and spore viability. Aqueous extract of

C. aurea was compatible with the fungus at all the concentrations tested

whereas methanol and acetone extracts inhibited all the fungal growth

parameters. The virulence of M. anisopliae formulated in different extracts

of C. aurea was also tested against different developmental stages of Rhipi-

cephalus pulchellus in laboratory bioassays. No significant differences in vir-

ulence were observed between M. anisopliae applied alone and

M. anisopliae formulated in different concentrations of extracts of C. aurea

among the larvae, nymphs and adults. However, mortality varied

according to the developmental stage, with larval stage being the most

susceptible. Aqueous extract was compatible with M. anisopliae and could

be therefore mixed together for ‘spot-spray’ treatments as low cost and

environmentally friendly technology for tick control in grazing pasture.

Introduction

Rhipicephalus pulchellus Gerstaker (Acari: Ixodidae) is a

three-host tick, vector of Nairobi sheep disease caused

by a virus of the family Bunyaviridae and East Coast

Fever (ECF) whose aetiological agent is the parasitic

protozoan Theileria parva. The disease is prevalent

across the eastern, central and southern parts of Africa

and has been reported in 11 countries in the region

(Lawrence et al. 1992). Estimated direct economic

loss associated with ECF is enormous with 1.1 million

cattle deaths due to the disease annually (Mukhebi

and Perry 1992).

Control of ticks continues to rely heavily on appli-

cation of chemical acaricides (George et al. 2004;

Pound et al. 2009). Although acaricides are effective

in reducing tick populations, their uses, however,

raises concerns about environmental pollution such

as contamination of soil and ground water, adverse

effect on non-target species and cost (Chaton et al.

2002; Schulze et al. 2005). Furthermore, the develop-

ment of resistance to acaricides (Ducornez et al. 2005)

gives emphasis to alternative strategies, such as vector

control with biological agents (Samish et al. 2001;

Maniania et al. 2007; Reis-Menini et al. 2008) and

the use of ethnoveterinary plants (Kaaya 2000).

Entomopathogenic fungi (EPF) are promising

agents for biocontrol of ticks because they have sev-

eral advantages. They are easy to mass produce and

spore suspensions can be applied in the same way as

synthetic acaricides. Conidia infect the host by adher-

ing to the host cuticle and directly penetrate into it
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(Samish and Rehacek 1999) and can be transmitted

horizontally.

Inundative release is the most common method

used for the introduction of entomopathogens into

the environment for the control of arthropod pests

(Lacey and Goettel 1995) including ticks (Kaaya and

Hassan 2000). However, a new approach is being

investigated, whereby ticks that are attracted to a

semiochemical are infected with EPF (Nchu et al.

2009). Recently, Nchu et al. (2010) reported reduc-

tion of Amblyomma variegatum (Acari: Ixodidae) popu-

lations in the field by applying conidia of Metarhizium

anisopliae (Hypocreales: Clavicipitaceae) in semio-

chemical-baited traps.

Several tropical shrubs and trees including Calpur-

nia aurea Benth (Fabaceae) have shown to be attrac-

tive to Rhipicephalus spp. ticks (Hassan et al. 1994;

Zorloni et al. 2010; Nana et al. 2014). Previously,

Nana et al. (2010) demonstrated attraction of R. ap-

pendiculatus and R. pulchellus to leaf extracts of C. aurea

in laboratory and semi-field tests. It is therefore envi-

sioned to use C. aurea leaf extracts in combination

with EPF in a kairomone-baited trap system to ‘attract

and infect’ in the field. However, plant extracts can

affect fungal growth parameters (Duarte et al. 1992;

Malo 1993; Depieri et al. 2005) and virulence (Akbar

et al. 2005; Mohan et al. 2007). For example, Depieri

et al. (2005) reported that aqueous seed extract from

Azadirachta indica A. Juss. (Meliaceae) (Neem)

reduced mycelia vegetative growth (VG) and spore

production of Beauveria bassiana (Bals.) Vuill.

(Hypocreales: Clavicipitaceae). On the other hand,

A. indica was reported to have synergistic effect with

B. bassiana against Spodoptera litura Fabricius (Lepi-

doptera: Noctuidae) (Mohan et al. 2007). The present

study was, therefore, initiated to evaluate in vitro the

effects of the leaf extracts of C. aurea on growth

parameters of M. anisopliae isolate ICIPE 7, which is

being developed as bioacaride against ticks, and the

virulence against different developmental stages of

R. pulchellus.

Materials and Methods

Preparation of plant extracts

Calpurnia aurea leaves were collected in September

2007 in the Lowveld National Botanical Garden in

Nelspruit, South Africa. Identification was performed

at the Botanical Garden Herbarium, Pretoria, South

Africa, where a voucher specimen was deposited

under the number 3206. Leaves were dried in the

shade and ground to a fine powder with a McSalib

mill (Eloff 1999). The powder was stored in a closed

glass container in the dark.

Three types of extracts were prepared. Acetone

extract was prepared by soaking leaf powder (100 g)

in acetone (1 : 2, w/v) for 8 h at room temperature

with regular shaking at 1-h interval. The extract was

evaporated to dryness in vacuo and stored at 4°C. The
dried extract (1 g) was resuspended in a mixture of

acetone, Tween-80, distilled water in a ratio of

1 : 2 : 7 for final volume of 10 ml and different

concentrations prepared by serial dilution. Methanol

and aqueous extracts were prepared as described for

acetone, except that after evaporation of solvent to

dryness, 1 g of each plant extract was resuspended in

10 ml distilled water.

Tick colony

Rhipicephalus pulchellus ticks were used in this study.

They were obtained from the International Centre of

Insect Physiology and Ecology (icipe) Animal and

Quarantine Rearing Unit. The ticks were counted in

batches of 10. Each batch was then placed in a vial

with a cotton wool plug and the ticks were stored in

darkness in an incubator (SANYO INCUBATOR�,

Wood Dale, IL) at RH 75% and 25 � 2°C until further

use. Two-week-old unfed larvae, 1-month-old unfed

nymphs and 2- to 3-month-old unfed adult ticks were

used in the experiments.

Fungus

Metarhizium anisopliae isolate ICIPE 7 used in this

study was obtained from the icipe’s Arthropod Germ-

plasm Centre. The strain was isolated from an

engorged female A. variegatum collected from Rusinga

Island, Kenya, in 1996, and was previously reported

to be virulent against R. pulchellus (Nchu et al. 2009).

The fungus was maintained on Sabouraud dextrose

agar (SDA) in 90-mm Petri dishes at 25°C. Conidia
were harvested by scraping the surface of 2- to

3-week-old sporulating cultures with a sterile spatula.

The inoculum was suspended in sterile distilled water

with 0.05% Triton X-100 in a glass bottle containing

glass beads. The bottle was vortexed to produce a

homogeneous conidial suspension. The spore concen-

tration was determined using an improved Neubauer

hemacytometer.

Mycelial dry weight assessment

A conidial suspension (0.1 ml) titrated 1 9 106 coni-

dia/ml was spread-plated on SDA medium. Plates
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were then incubated at 25 � 2°C for 3 days to obtain

mycelial mats. The unsporulated mycelial mats

were then cut into round agar plugs using a 4-mm-

diameter cork borer, and each agar plug was then

transferred singly onto the centre of a 90-mm Petri

dish containing fresh SDA agar amended with 1.2%,

2.5%, 5% and 10% of each extract of C. aurea. Con-

trols plates were amended with distilled water con-

taining 0.05% Tween-80 or a mixture of organic

solvent, Tween-80 and distilled water in the ratio of

1 : 2 : 7. Four Petri dishes representing replicates per

treatment were used. They were sealed with Parafilm

and incubated in complete darkness at 25 � 2°C for

7 days. After 1 week, the mycelial mat was harvested

with sterile spatula, placed in sterile Petri dishes con-

taining filter paper. The initial weight of the filter

paper was recorded. The Petri dishes were kept in hot

air in oven at 50–60°C for 30 min and the final weight

of the fungal mat along with the filter paper was

recorded immediately. The difference between the

final and initial weight was considered as dry weight

of mycelium. The experiment consisted of five repli-

cates and repeated twice on different days.

Fungal radial growth

Agar plugs were obtained using the same technique

as described above. Each agar plug was then trans-

ferred onto the centre of a fresh SDA plate amended

with 0%, 1.2%, 2.5%, 5% and 10% acetone,

methanol or aqueous extracts of C. aurea. Plates

were sealed with Parafilm and incubated upside

down in complete darkness at 25 � 2°C. Radial

growth was recorded daily for 6 days using two car-

dinal diameters, through two orthogonal axes previ-

ously drawn on the bottom of each Petri dish. Each

treatment was replicated four times and repeated

two times over time.

Spore production assessment

Agar plugs obtained as described earlier were trans-

ferred onto the centre of a fresh SDA plate amended

with plant extracts of C. aurea at the same concentra-

tions as above. Plates were then incubated at

25 � 2°C for 7 days. The sporulated mycelial mats

were then cut from the culture plates into round agar

plugs using a 4-mm-diameter cork borer. Each agar

plug was then transferred singly onto the universal

bottle containing 10 ml sterile distilled water contain-

ing 0.05% sterile Triton X-100 and vortexed for

5 min. Conidial concentration was determined using

a Neubauer counting chamber. Each treatment was

replicated four times and repeated two times on

different days.

Virulence ofMetarhizium anisopliae formulated in

extracts of Calpurnia aurea on different developmental

stages of Rhipicephalus pulchellus

Conidia of M. anisopliae were harvested from a

3-week-old culture by scrapping the surface of sporu-

lating culture and suspended in sterile distilled water

containing 0.05% Triton X-100 in universal bottles

with glass beads. Different concentrations of plant

extracts (0%, 1.25%, 2.5%, 5% and 10%) were

added to the suspension and vortexed for 5 min to

produce homogenous suspension. Ten millilitres

(10 ml) of a standard concentration of

1.0 9 109 conidia/ml was prepared for each of the

treatments and sprayed on different developmental

stages (larvae, nymphs and adults) using Burgerjon’s

spray tower (Burgerjon 1956) (INRA, Dijon, France).

Each treatment group had two different controls: one

received sterile distilled water containing 0.05%

Triton X-100 only and the other received sterile dis-

tilled water containing 0.05% Triton X-100 with 10%

extract without fungus. Five replicates of 10 ticks each

were used for each treatment and the experiment was

repeated three times. Test ticks were transferred in

glass vials (1.5 9 12 cm) and maintained in an incu-

bator at 25 � 2°C and 75% RH. Mortality was

recorded daily for 14 days. Dead ticks were immedi-

ately removed and surface-sterilized with 2.5%

sodium hypochlorite and 70% alcohol, rinsed twice

in sterile distilled water and then placed into 9-cm-

diameter Petri dishes lined with moistened filter paper

to allow the growth of fungus on the cadaver. The via-

bility of conidia was tested prior to any bioassay by

spread-platting 0.1 ml of the suspension (titrated to

3.0 9 106 conidia/ml) on SDA plates. Plates were

then incubated at 25 � 2°C for 18 h. Sterile micro-

scope cover slip was then placed on each plate, and

the percentage of germination was determined by

counting 100 spores for each plate. The lethal time to

50% mortality (LT50) values were calculated for all

the treatments, except for the controls.

Data analysis

Compatibility between fungus and plant extracts was

calculated using the formula proposed by Alves et al.

(1998) to classify chemical products according to their

toxicity to EPF in vitro. This classification is based on

calculations of the T factor, which relates VG and sporu-

lation values (conidiogenesis) (sporulation count – SC)
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to the control (%): T = [20 (VG) + 80 (SC)]/100. In

this model, values for VG (MDW) and SC are given in

relation to the control (100%). ‘T’ values between 0

and 30 classify products as very toxic; from 31 to 45, as

toxic; from 46 to 60, moderately toxic; from 60 to 90,

as compatible and above 90; products are considered as

highly compatible with the fungus being studied. Anal-

ysis of variance (ANOVA procedure of SAS Institute,

Cary, NC) was used to analyse percentage germination,

radial growth and mortality data. Percentage mortality

(at 14 day post-treatment) was also adjusted for natu-

ral mortality in controls using Abbott (1925) formula

before analysis and was then analysed using two-way

analysis of variance for a completely randomized

design. Tukey’s test was used for post hoc analysis.

A value of P < 0.05 was considered significant.

Results

Effects of Calpurnia aurea leaf extracts of on radial

growth, mycelial dried weight, conidial yield and

viability ofMetarhizium anisopliae ICIPE 7

Aqueous leaf extract of C. aurea at all the concentra-

tions did not affect the growth parameters (VG, coni-

dial yield, mycelia dry weight and conidial viability)

of the M. anisopliae as compared to the control

(table 1). On the other hand, methanol and acetone

extracts significantly reduced the colony diameters,

mycelial dry weight and conidial yield of M. anisopliae

at all the concentrations tested (tables 2 and 3). Aqu-

eous extract of C. aurea was highly compatible with

the fungus at the doses of 1.25% and 2.5 % while

compatible at the concentrations of 5% and 10%

(table 1). With exception to acetone extract at the

concentration of 10% that was moderately toxic, all

the C. aurea extracts, at all concentrations tested,

showed compatibility with M. anisopliae (table 3).

Virulence ofMetarhizium anisopliae formulated in

different extracts of Calpurnia aurea on different

developmental stages of Rhipicephalus pulchellus

In viability tests, approx. 97% of conidia germinated.

The mean mortality in the controls varied between 1.8

and 3.5, between 1.2 and 2.8 and between 1.9 and 4.3

in larvae, nymphs and adults, respectively, with differ-

ent formulations (tables 4–6). There were no signifi-

cant differences in mortalities caused by M. anisopliae

applied alone and M. anisopliae formulated in different

leaf extracts and concentrations of C. aurea among the

larvae, nymphs and adults. However, mortality varied

according to the developmental stage, with larval stage

being the most susceptible (tables 4–6). For example,

mortality rate varied from 68% to 74% for adults, from

75% to 81% for nymphs andwas 100% for larvae with

aqueous formulation (table 4). Similar trend was

observed with M. anisopliae formulated in methanol

and acetone extract (tables 5 and 6). The LT50 values

were not significantly different among the treatments

disregard the life stage of ticks and the extract used (ta-

bles 4–6). All the ticks that died in fungus-treated

treatments developedmycosis.

Discussion

The present study has demonstrated that aqueous

extract of C. aurea does not affect fungal growth

parameters of the M. anisopliae isolate ICIPE 7, namely

germination, radial growth, mycelial dried weight and

conidial yield, regardless of the concentrations. Borgio

et al. (2008) reported similar results with Ocimum

Table 1 Effects of Calpurnia aurea leaf aqueous extract on average (�SD) radial growth, mycelial dry weight, conidial yield viability and compatibility

values of Metarhizium anisopliae isolate ICIPE 7

Aqueous leaf extract

Colony diameter (mm) Mycelial dry

weight

(910�3 mg)

Yield (9108

conidia/ml)

(%) conidial

germination ‘T’ values Classification3 day post-inoculation 6 day post-inoculation

Control

(distilled water)

17.6 � 0.5 a 33.0 � 0.8 a 84.7 � 6.3 a 11.6 � 0.7 a 98.8 � 1.2 a – –

SDA + 1.25% 16.4 � 0.5 a 31.8 � 0.6 a 84.2 � 5.2 a 11.1 � 0.9 a 98.4 � 0.7 a 90.3 HC

SDA + 2.5% 17.0 � 0.7 a 32.4 � 0.5 a 82.5 � 5.5 a 11.3 � 1.0 a 98.2 � 0.9 a 91.2 HC

SDA + 5% 17.2 � 0.3 a 32.6 � 0.5 a 81.4 � 5.5 a 10.7 � 0.6 a 97.4 � 1.9 a 87.1 C

SDA + 10% 17.2 � 0.5 a 32.2 � 0.3 a 81.1 � 5.6 a 10.8 � 1.2 a 98.2 � 1.0 a 85.2 C

F value 0.768 0.870 0.414 0.823 0.884

P value 0.559 0.499 0.796 0.526 0.491

HC, highly compatible; C, compatible; SDA, Sabouraud dextrose agar.

Means followed by the same letter on same column are not significantly different by ANOVA (P > 0.05).
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santum L. (Lamiaceae) with M. anisopliae. Nana et al.

(2010) previously reported the attraction of R. pulchel-

lus to aqueous formulation of C. aurea extracts;

however, concentration of 25 mg/ml was found to be

more attractive than concentrations of 12.5, 50 and

100 mg/ml. Aqueous formulation of this plant can

therefore be considered for integration in a ‘attract and

infect’ strategy. Contrary to C. aurea aqueous extract,

methanol and acetone extracts significantly inhibited

all the growth parameters of M. anisopliae. This inhibi-

tion could be due to individual or combined effects of

lupinine and lupanine alkaloid compounds found in

organic fractions of C. aurea (Asres et al. 1986).

Mycelial growth inhibition by lupanine has already

been reported (Zamora-Natera et al. 2006).

Despite the inhibition of the fungal growth

parameters, methanol and acetone extracts were

still classified as compatible at all the concentrations

tested, except acetone at 10% that was classified as

moderately toxic. The effects of plant extracts on

EPF have been reported to vary according to plant

extract types and fungal isolates. For example,

Sahayaraj et al. (2011) reported growth inhibition

by methanol and hexane extracts of Annona squo-

mosa L. (Annonaceae), Vitex negundo L. (Liamiaceae)

and Syndrella nodiflora Gaertn. (Asteraceae) of

B. bassiana, Isaria fumosorosea Wize (Trichocomaceae)

and Lecanicilliun lecanii R. Zare & W. Gams

(Hypocreales: Clavicipitaceae). In addition, all these

fungal isolates were inhibited by hexane extract of

Pteridium aquilinum (L.) Kuhn (Dennstaedtiaceae)

and aqueous extracts of A. squomosa. Aqueous

extracts of rhizomes of Curcuma longa (M. Bieb.)

Cavara & Grande (Zingiberaceae) and aqueous leaf

extracts of Cymbopogon citratus (DC.) Stapf (Poaceae),

Corymbia citriodora (Hook.) K.D. Hill & L.A.S. John-

son (Myrtaceae) and Rosmarinus officinalis L. (Lami-

aceae) were also reported to cause significant effect

Table 2 Effects of Calpurnia aurea methanol extract on average (�SD) radial growth, mycelial dry weight, conidial yield, viability and compatibility

values of Metarhizium anisopliae isolate ICIPE 7

Methanol leaf

extract

Colony diameter (mm)
Mycelial dry weight

(910�3 mg)

Yield (9108

conidia/ml)

(%) conidial

germination ‘T’ values Classification3 day post-inoculation 6 day post-inoculation

Control1 17.3 � 0.4 a 32.7 � 0.6 a 82.5 � 5.1 a 13.0 � 0.5 a 95.7 � 0.4 a – –

SDA + 1.25% 15.6 � 0.2 b 30.6 � 0.7 b 78.0 � 8.0 a 10.4 � 1.2 b 97.2 � 1.0 a 86.6 C

SDA + 2.5% 14.8 � 0.8 b 28.8 � 1.1 b 70.6 � 1.5 b 10.0 � 0.8 b 96.4 � 0.7 b 82.2 C

SDA + 5% 14.2 � 0.5 b 27.8 � 1.2 b 67.8 � 5.4 b 9.4 � 1.0 b 96.2 � 1.1 b 77.6 C

SDA + 10% 13.4 � 1.1 b 26.4 � 1.0 b 54.7 � 9.7 b 8.5 � 0.6 b 95.6 � 1.9 b 68.7 C

F value 26.904 33.192 13.980 7.046 3.178

P value 0.000 0.000 0.000 0.001 0.036

C, compatible; SDA, Sabouraud dextrose agar.

Means followed by the same letter on same column are not significantly different by ANOVA (P < 0.05).
1Control consisted of a mixture of methanol, Tween-80 and distilled water (1 : 2 : 7).

Table 3 Effects of Calpurnia aurea acetone extract of on average (�SD) radial growth, mycelial dry weight, conidial yield, viability and compatibility

values of Metarhizium anisopliae isolate ICIPE 7

Acetone leaf

extract

Colony diameter (mm) Mycelial dry

weight

(910�3 mg)

Yield (9108

conidia/ml)

(%) conidial

germination ‘T’ values Classification3 day post-inoculation 6 day post-inoculation

Control1 18.2 � 0.4 a 32.1 � 0.7 a 86.6 � 7.1 a 11.5 � 0.3 a 99.2 � 0.4 a – –

SDA + 1.25% 15.8 � 0.4 b 31.8 � 0.7 b 73.1 � 5.8 b 9.1 � 1.2 b 90.0 � 1.1 b 82.2 C

SDA + 2.5% 15.4 � 0.7 b 30.4 � 1.5 b 68.3 � 3.6 b 8.2 � 0.8 b 88.6 � 0.4 b 74.6 C

SDA + 5% 15.8 � 1.4 b 30.6 � 0.5 b 57.4 � 3.5 b 7.6 � 1.2 b 87.8 � 0.6 b 67.8 C

SDA + 10% 14.2 � 0.9 b 29.2 � 1.4 b 52.7 � 5.8 b 5.8 � 1.8 b 77.4 � 2.1 b 53.8 MT

F value 6.185 9.115 30.832 14.058 223.123

P value 0.002 0.000 0.000 0.000 0.000

C, compatible; MT, moderately toxic; SDA, Sabouraud dextrose agar.

Means followed by the same letter on same column are not significantly different by ANOVA (P < 0.05).
1Control consisted of a mixture of acetone, 0.05% Tween-80 and distilled water (1 : 2 : 7).
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on VG of M. anisopliae (Formentini et al. 2014).

Similar results were reported with garlic mustard,

Alliaria petiolata (M. Bieb.) Cavara & Grande (Bras-

sicaceae) on B. bassiana (Keesing et al. 2011). On

the other hand, no adverse effects of Mexican mari-

gold, Tagetes minuta L. (Asteraceae), oil was found

Table 4 Virulence of Metarhizium anisopliae (Ma) formulated in aqueous extract of Calpurnia aurea on different developmental stages of

Rhipicephalus pulchellus after 14 days post-treatment

Treatments

Larvae Nymphs Adults

Mortality LT50 Mortality LT50 Mortality LT50

Control (no extract, no fungus) 1.8 � 0.8 a – 1.2 � 0.5 a – 2.2 � 0.4 a –

Control (10% extract no fungus) 4.0 � 2.5 a – 1.9 � 1.0 a – 3.2 � 0.7 a –

Ma 109 + 0% 100.0 � 0.0 b 3.0 � 0.4 a 81.8 � 1.8 b 3.8 � 0.4 a 73.2 � 3.6 b 6.3 � 1.2 a

Ma 109 + 1.25% 100.0 � 0.0 b 2.6 � 0.3 a 78.2 � 7.2 b 4.2 � 0.8 a 74.3 � 3.5 b 7.0 � 0.8 a

Ma 109 + 2.5% 100.0 � 0.0 b 2.9 � 0.6 a 75.6 � 3.0 b 3.2 � 0.6 a 73.1 � 3.0 b 6.7 � 0.9 a

Ma 109 + 5% 100.0 � 0.0 b 2.7 � 0.3 a 76.7 � 4.6 b 3.9 � 1.0 a 70.0 � 3.5 b 6.2 � 0.3 a

Ma 109 + 10% 100.0 � 0.0 b 2.8 � 0.4 a 75.1 � 3.4 b 4.3 � 0.5 a 68.3 � 2.3 b 5.8 � 0.9 a

F value 7533.81 0.1453 301.56 0.3880 469.25 0.2836

P value 0.000 0.964 0.000 0.816 0.000 0.887

Means followed by the same letter in the same column are not significantly different by Tukey’s test (P < 0.05).

Table 5 Virulence of Metarhizium anisopliae (Ma) formulated in methanol extract of Calpurnia aurea on different developmental stages of

Rhipicephalus pulchellus after 14 days post-treatment

Treatments

Larvae Nymphs Adults

Mortality LT50 Mortality LT50 Mortality LT50

Control (no extract, no fungus) 3.5 � 1.9 a – 2.2 � 0.7 a – 4.3 � 0.8 a –

Control (10% extract no fungus) 5.5 � 0.9 a – 3.8 � 1.5 a – 1.7 � 0.6 a –

Ma 109 + 0% 100.0 � 0.0 b 3.1 � 1.0 a 86.7 � 4.6 b 3.5 � 1.0 a 74.6 � 2.9 b 5.9 � 0.9 a

Ma 109 + 1.25% 100.0 � 0.0 b 4.0 � 0.7 a 75.1 � 3.4 b 4.0 � 0.7 a 69.3 � 4.1 b 6.8 � 0.3 a

Ma 109 + 2.5% 100.0 � 0.0 b 4.1 � 0.3 a 75.6 � 3.4 b 4.1 � 0.3 a 70.7 � 1.1 b 6.0 � 1.2 a

Ma 109 + 5% 100.0 � 0.0 b 3.9 � 0.5 a 70.9 � 5.1 b 3.9 � 0.5 a 68.1 � 7.1 b 6.5 � 1.1 a

Ma 109 + 10% 100.0 � 0.0 b 4.1 � 0.4 a 71.6 � 2.4 b 4.0 � 0.2 a 65.2 � 5.2 b 6.7 � 0.8 a

F value 8412.32 0.4472 1451.25 0.1471 2130.49 0.1993

P value 0.000 0.773 0.000 0.963 0.000 0.9374

Means followed by the same letter in the same column are not significantly different by Tukey’s test (P < 0.05).

Table 6 Virulence of Metarhizium anisopliae (Ma) formulated in acetone extract of Calpurnia aurea on different developmental stages of

Rhipicephalus pulchellus after 14 days post-treatment

Treatments

Larvae Nymphs Adults

Mortality LT50 Mortality LT50 Mortality LT50

Control (no extract, no fungus) 2.5 � 0.7 a – 2.8 � 0.9 a – 1.9 � 1.0 a –

Control (10% extract no fungus) 3.2 � 1.0 a – 3.8 � 0.6 a – 2.2 � 1.2 a –

Ma 109 + 0% 100.0 � 0.0 b 3.3 � 0.8 a 81.8 � 1.8 b 4.7 � 0.2 a 78.1 � 5.1 b 7.2 � 1.3 a

Ma 109 + 1.25% 100.0 � 0.0 b 3.0 � 0.5 a 75.7 � 6.3 b 4.1 � 1.0 a 64.6 � 3.8 b 6.9 � 0.7 a

Ma 109 + 2.5% 100.0 � 0.0 b 2.8 � 0.3 a 68.1 � 5.4 b 4.6 � 0.7 a 62.3 � 2.1 b 8.1 � 0.9 a

Ma 109 + 5% 100.0 � 0.0 b 3.5 � 0.6 a 66.9 � 7.3 b 5.1 � 0.3 a 60.3 � 7.2 b 7.7 � 1.2 a

Ma 109 + 10% 89.7 � 7.1 b 3.1 � 0.7 a 65.5 � 6.4 b 4.0 � 0.6 a 58.7 � 5.2 b 7.5 � 1.0 a

F value 8748.48 0.1995 1451.08 0.5177 1649.70 0.1952

P value 0.000 0.937 0.000 0.723 0.000 0.939

Means followed by the same letter in the same column are not significantly different by Tukey’s test (P < 0.05).
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on B. bassiana and M. anisopliae (Dunkel et al.

2010).

Calpurnia aurea extracts (aqueous, acetone and

methanol) did not affect the virulence of M. anisopliae,

causing mortality of the different developmental

stages of R. pulchellus, with larval stage being the most

susceptible. Differential susceptibility among develop-

mental stages in ticks has been reported by many

workers (Kaaya et al. 1996; Samish et al. 2001;

Angelo et al. 2010). However, conidia of M. anisopliae

formulated in the different extracts of C. aurea did not

result in any synergism effect against tick as reported

in the case of B. bassiana and neem against S. litura

(Mohan et al. 2007).

In conclusion, this study revealed that aqueous

extract of C. aurea did not affect conidia of M. aniso-

pliae in terms of mycelial growth and spore count, and

hence, M. anisopliae can be mixed with C. aurea

extracts for spot-spray strategy, whereby ticks that are

attracted to bait are infected with the inoculum. How-

ever, field studies need to be carried out to validate

this concept, which might be cost-effective and

environmentally friendly technology for control of

R. pulchellus in grazing pasture.

Acknowledgements

The authors wish to thank Bioscience Eastern and

Central Africa Network (BECANET), Department for

International Development (DFID) for funding this

project and the curator of the Lowveld National

Botanical Garden for granting permission for plant

material collection.

References

Abbott WS, 1925. A method of computing the effective-

ness of an insecticide. J Econ Entomol, 18, 265–267.
Akbar W, Lord JC, Nechols JR, Loughin TM, 2005. Efficacy

of Beauveria bassiana for red flour beetle when applied

with plant essential oils or in mineral oil and organosili-

cone carriers. J Econ Entomol, 98, 683–688.
Alves SB, Moino A Jr, Almeida JEM, 1998. Produtos

fitossanitarios entomopatogenos. In: Contrôle micro-

biano de insetos. Ed. by Alves SB, FEALQ, Piracicaba,

217–238.
Angelo IC, Fernandes EKK, Bahiense TC, Pernotto WMS,

Moraes APR, Terra ALM, Bittencourt VREP, 2010. Effi-

ciency of Lecanicillium lecanii to control the tick Rhipi-

cephalus microplus. Vet Parasitol, 172, 317–322.
Asres K, David P, Polo M, 1986. Two novel minor alkaloids

from Ethiopian Calpurnia aurea. Planta Med, 25,

302–304.

Borgio JF, Bency BJ, Sharma N, 2008. Compatibility of

Metarhizium anisopliae (Metsch.) Sorok. with Ocimum

sanctum Linn. (Tulsi) (Lamiaceae) extracts. Ethnobot

Leafl, 12, 698–704.
Burgerjon A, 1956. Pulv�erisation de poudrage au labora-

toire par des pr�eparations pathog�enes insecticides. Ann

Epiphyt, 4, 675–684.
Chaton PF, Ravanel P, Tissut M, Meyran JC, 2002. Toxicity

and bioaccumulation of fipronil in the nontarget arthro-

podan fauna associated with subalpine mosquito breed-

ing sites. Ecotoxicol Environ Saf, 52, 8–12.
Depieri RA, Martinez SS, Menezes OA Jr, 2005. Compati-

bility of the fungus Beauveria bassiana (Bals.) Vuill. (Deu-

teromycetes) with extracts of neem seeds and leaves and

the emulsifiable oil. Neotrop Entomol, 34, 601–606.
Duarte A, Menendez JM, Triguero N, 1992. Estudio pre-

liminar sobre la compatilidad deMetarhizium anisopliae

com algunos plaguicidas quimicos. Rev Baracoa, 22,

31–39.
Ducornez S, Barre N, Miller RJ, de Garine-Wichatitsky M,

2005. Diagnosis of Amitraz resistance in Boophilus micro-

plus in New Caledonia with the modified larval packet

test. Vet Parasitol, 130, 285–292.
Dunkel FV, Jaronski ST, Sedlak CW, Meiler SU, Veo KD,

2010. Effects of steam-distilled shoot extract of Tagetes

minuta (Asterales: Asteraceae) and entomopathogenic

fungi on larval Tetanops myopaeformis. Environ Entomol,

39, 979–988.
Eloff JN, 1999. It is possible to use herbarium specimens to

screen for antimicrobial components in some plants.

J Ethnopharmacol, 67, 355–360.
Formentini MA, Alves LFA, Pinto FGS, Mamprim AP,

2014. In vitro assay of alternative phytosanitary prod-

ucts and plant extracts on Metarhizium anisopliae

(Metsch.) Sorok. (Clavicipitaceae). Rev Bras Agroecol,

9, 195–204.
George JE, Pound JM, Davey RB, 2004. Chemical control

of ticks on cattle and the resistance of these parasites to

acaricides. Parasitology, 129, 353–366.
Hassan SM, Dipeolu OO, Malonza MM, 1994. Natural

attraction of livestock ticks by the leaves of shrub. Trop

Anim Health Prod, 26, 87–91.
Kaaya GP, 2000. The potential for antitick plants as com-

ponents of an integrated tick control strategy. Ann N Y

Acad Sci, 16, 576–582.
Kaaya GP, Hassan S, 2000. Entomogenous fungi as promis-

ing biopesticides for tick control. Exp Appl Acarol, 24,

913–926.
Kaaya GP, Mwangi EN, Ouna EA, 1996. Prospects for bio-

logical control of livestock ticks, Rhipicephalus appendicu-

latus and Amblyomma variegatum, using the

entomogenous fungi Beauveria bassiana and Metarhizium

anisopliae. J Invertebr Pathol, 67, 15–20.
Keesing F, Oberoi P, Vaicekonyte R, Gowen K, Henry L,

Mount S, Johns P, 2011. Effects of garlic mustard

J. Appl. Entomol. 140 (2016) 590–597 © 2016 Blackwell Verlag GmbH596

Compatibility of Metharhizium anisopliae with Calpurnia aurea P. Nana et al.



(Alliaria petiolata) on entomopathogenic fungi.

Ecoscience, 18, 164–168.
Lacey LA, Goettel MS, 1995. Current developments in

microbial control of insect pests and prospects for the

early 21st century. Entomophaga, 40, 3–27.
Lawrence JA, Perry BD, Williamson SM, 1992. East coast

fever. In: Infectious Diseases of Livestock, Vol. 1, 2nd

edn. Ed. by Coetzer JAW, Tustin RC, Oxford University

Press, Cape Town, Southern Africa, 448–467.
Malo AR, 1993. Estudio sobre la compatibilidad del hongo

Beauveria bassiana (Bals.) Vuill. Con formulaciones com-

merciales de funguicidas e insecticidas. Rev Colomb

Entomol, 19, 151–158.
Maniania NK, Nchu F, Ekesi S, 2007. Fungal pathogen for

biocontrol of ticks. In: Use of Entomopathogenic Fungi

in Biological Pest Management. Ed. by Ekesi S, Maniania

NK, Research Signpost, Kerala, 275–294.
Mohan MC, Reddy NP, Uma K, Devi UK, Kongara R,

Sharma HC, 2007. Growth and insect assays of Beauveria

bassiana with neem to test their compatibility and syner-

gism. Biocontrol Sci Technol, 17, 1059–1069.
Mukhebi AW, Perry BD, 1992. Economic implications of

the control of east coast fever in eastern central and

southern Africa. In: Proceedings of the Workshop held

in Kadoma Hotel, Zimbabwe, July 20–23, 1992. Ed. by
Kategile JA, Mubi S, International Livestock Centre for

Africa (ILCA), Addis Ababa, Ethiopia, http://www.

fao.org/Wairdocs/ILRI/x5485E/x5485e0h.htm.

Nana P, Maniania NK, Maranga RO, Boga HI, Kutima HL,

Nchu F, Eloff JN, 2010. Attraction response of adult

Rhipicephalus appendiculatus and Rhipicephalus pulchellus

(Acari: Ixodidae) ticks to extracts from Calpurnia aurea

(Fabaceae). Vet Parasitol, 174, 124–130.
Nana P, Nchu F, Ekesi S, Boga HI, Kamtchouing P, Mania-

nia NK, 2014. Efficacy of spot-spray application of

Metarhizium anisopliae formulated in emulsifiable extract

of Calpurnia aurea in attracting and infecting adult Rhipi-

cephalus appendiculatus ticks in semi-field experiments.

J Pest Sci, 88, 613–619.
Nchu F, Maniania NK, Toure A, Hassanali A, Eloff JN,

2009. The use of a semiochemical bait to enhance

exposure of Amblyomma variegatum (Acari: Ixodidae) to

Metarhizium anisopliae (Ascomycota: Hypocreales). Vet

Parasitol, 160, 279–284.
Nchu F, Maniania NK, Hassanali A, Eloff JN, 2010. Perfor-

mance of aMetarhizium anisopliae-treated semiochemi-

cal-baited trap in reducing Amblyomma variegatum

populations in the field. Vet Parasitol, 169, 367–372.
Pound JM, Miller JA, George JE, Fish D, Carroll JF,

Schulze TL, Daniels TJ, Falco RC, Stafford KC, Mather

TN, 2009. The United States Department of Agriculture’s

North east area-wide tick control project: summary and

conclusions. Vector Borne Zoonotic Dis, 9, 439–448.
Reis-Menini CM, Prata MC, Furlong J, Silva ER, 2008.

Compatibility between the entomopathogenic nematode

Steinernema glaseri (Rhabditida: Steinernematidae) and

an acaricide in the control of Rhipicephalus (Boophilus)

microplus (Acari: Ixodidae). Parasitol Res, 103,

1391–1396.
Sahayaraj K, Namasivayam SKR, Rathi JM, 2011. Compat-

ibility of entomopathogenic fungi with extracts of plants

and commercial botanicals. Afr J Biotechnol, 10,

933–938.
Samish M, Rehacek J, 1999. Pathogens and predators of

ticks and their potential in biological control. Annu Rev

Entomol, 44, 159–182.
Samish M, Gindin G, Alekseev E, Glazer I, 2001.

Pathogenicity of entomopathogenic fungi to different

developmental stages of Rhipicephalus sanguineus (Acari:

Ixodidae). J Parasitol, 87, 1355–1359.
Schulze TL, Jordan RA, Krivenko AJ, 2005. Effects of bar-

rier application of granular deltamethrin on subadult

Ixodes scapularis (Acari: Ixodidae) and nontarget forest

floor arthropods. J Econ Entomol, 98, 976–981.
Zamora-Natera JF, Ruiz-Lopez M, Soto-Hernandez M,

Garcia-Lopez P, Bernal-Alcocer A, Przybyl AK, 2006.

Mycelial growth inhibition of pathogenic fungi lupanine

and alkaloid extracts from Lupinus exaltatus and Lupinus

mexicanus. Proceedings of the 11th International Lupin

Conference, Guadalajara, Jalisco, Mexico, 4–9 May,

139–141.
Zorloni A, Penzhorn BL, Eloff JN, 2010. Extract of Calpur-

nia aurea leaves from Southern Ethiopia attract and

immobilise or killed ticks. Vet Parasitol, 168, 160–164.

J. Appl. Entomol. 140 (2016) 590–597 © 2016 Blackwell Verlag GmbH 597

P. Nana et al. Compatibility ofMetharhizium anisopliae with Calpurnia aurea

http://www.fao.org/Wairdocs/ILRI/x5485E/x5485e0h.htm
http://www.fao.org/Wairdocs/ILRI/x5485E/x5485e0h.htm

