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Introduction
Hyalomma anatolicum anatolicum is one of the

world's most widely distributed and damaging tick. It

transmits a wide range of debilitating, even fatal

diseases of livestock including Theileria annulata,

Babesia equi, Anaplasma marginale, and several

arboviruses (Hooshmand_Rad and Hawa, 1973;

Razmi, et al., 2003). It is also a vector of Crimean-

Congo hemorrhagic fever virus to humans (Chinikar,

2002). Haemaphysalis punctata is also a widely

distributed and harmful ectoparasite of livestock and

vector of Anaplasma and Babesia as well as several

viral diseases including tickborne encephalitis and

Crimean-Congo hemorrhagic fever (Khalacheva and

Kyurtov, 1981; Hashemi-Fesharahi, 1997).

Current tick control methods are still heavily

dependent on the use of synthetic chemical acaricides

but several problems which have been generated by

these chemicals including resistance in tick

populations, (Beugnet, and Chardonnet 1995) safety

risks for humans and domestic animals,

contamination of ground water, decrease in
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Abstract:Hyalomma anatolicum anatolicum and Haemaphysalis punctata larval ticks were shown

to be susceptible to different strains of entomopathogenic fungi Metarhizium anisopliae under

laboratory conditions. To determine the susceptibility of H. anatolicum anatolicum and H.

punctata to M. anisopliae, two suspensions of conidia were used (10
3

and 10
4

spores/ml). The

treatments were conducted by immersing larval stage (at least 20 larvae/Petri dish) of

H.anatolicum anatolicum and H.punctata in the spore suspension for 30 sec, followed by

transferring to Petri dish containing moist filter paper. Control larval ticks were only immersed

in 0.05% aqueous Tween 80. All treated and untreated ticks were observed by day interval up

to day 18 to detect dead ticks and signs of mycosis. Comparative results of bioassays using three

different fungal strains showed that all strains of M. anisopliae were highly pathogenic against

two tick species used. The higher mortality rate was seen with strain of 689 when used in H.

punctata and 685 in H. anatolicum anatolicum in comparison with the other strains(p<0.05).

The present study suggests that Metarhizium anisopliae has great potential for the control of H.

punctata and H. anatolicum anatolicum.
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biodiversity, and other environmental concerns

(Lacey et al., 2001), haveprompted interest in the

development of more environmentally friendly

alternative strategies such as biological control based

on entomopathogenic fungi. Particular attention has

been focused on the development of entomogenous

fungi, such as Metarhizium anisopliae and Beauveria

bassiana, for controlling a range of ticks including

species of Ixodes (Zhioua et al., 1997; Benjamin et

al., 2002; Ostfeld et al., 2002; Hornbostel et al.,

2005), Boophilus (Frazzon et al., 2000; Gindin et al.,

2001; Onofre et al., 2001), Amblyomma (Kaaya et

al., 1996), Argas (Sewify and Habib, 2001), and

Rhipicephalus (Mwangi et al., 1995; Kaaya et al.,

1996; Samish et al., 2001). Strains of fungi

Metarhizium anisopliae have been extensively

studied as a key regulatory organism for biocontrol

(Frazzon et al., 2000; Dutraet al., 2004) and they have

been shown to be effective even under field

conditions (Kaaya et al., 1996; Hornbostel et al.,

2005).

The aim of this study was to investigate the

susceptibility of the H. anatolicum and H. punctata to

infection with three strains of the entomopathogenic

fungi M. anisopliae and the possibility of using this

fungus as a biological agent. To the best of our

knowledge, the susceptibility of these ticks to

entomogenous fungi has not been determined. 

Materials and Methods   
Fungi: The M. anisopliae strains used in this

study were 685 and 689, which were isolated from

Ixodes ricinus in the UK and 715C which was isolated

from a locust in Iran. The UK isolates were a part of

the fungal culture collection at the University of

Wales Swansea, while the Iranian isolate was

maintained at Tehran University. The fungi were

passaged twice through Argas persicus larvae before

being cultured on potato dextrose agar (PDA)

(Merck, Germany), at 25°C. Conidia were usually

harvested 14 days post-inoculation and suspensions

prepared in aqueous Tween 80 (Merck, Germany), as

described by Butt and Goettel (2000). Two

concentrations of Conidia including 10
3

and 10
4

conidia /ml were used in the bioassays.

Ticks: Ticks were collected from infested

Table 1: Mean percentage mortality by day 2, 4, 6, 8, 10, 12, 14, 16 and 18 of H. anatolicum anatolicum larvae treated with three strains of M.

anisopliae. 

Strain concentration Day2 Day4 Day6 Day8 Day10 Day12 Day14 Day16 Day 18

685 10
3 9 16.2 20.1 22 24 31.8 38.9 51.9 79.7

685 10
4 52.5 66.1 76.2 83 88.1 91.5 96.6 100 100

689 10
3 14.7 19.8 22.1 27.1 35.9 41 77 93.5 98.6

689 10
4 50.7 80.4 383.3 84.7 86.2 89.1 92 97.8 98.5

715C 10
3 19.5 31 34.4 36.7 39 41.3 43.6 67.8 74.7

715 C 10
4 20.8 33.5 36.9 40.4 45.6 56 60.6 87.2 90.2

Control ------- 7.4 8.9 10.4 10.4 11.9 13.4 14.9 14.9 19.4

Strain concentration conidia/ml Day2 Day4 Day6 Day8 Day10 Day12 Day14 Day16 Day18

685 10
3 9.4 18.8 21.1 23.5 34.1 41.1 50.5 58.8 78.8

685 10
4 14.4 23.2 25.6 32 40.8 52 64 72 84

689 10
3 9.2 19.2 19.2 26.9 28.4 30.7 34.6 37.6 50

689 10
4 12.5 15 16.6 20.8 22.5 37.5 52.5 70 81.6

715C 10
3 11.5 24.8 26.6 27.2 28.4 30.9 39.3 48.4 57.6

715 C 10
4 12.6 29.8 32.1 37.9 42.5 51.7 59.7 72.4 88.2

Control ------- 9.5 21.4 21.4 21.4 21.4 23.8 23.8 23.8 23.8

Table2: Mean percentage mortality by day 2, 4, 6, 8, 10, 12, 14, 16 and 18 of H. punectata larvae treated with three strains of M. anisopliae.   
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animal's and transferred into dry plastic vials

containing a few fresh grass leaves, and were covered

by a lid containing several minute holes. Vials were

properly kept under optimal condition at room

temperature for a few days in order to maintain ticks

survival, and then they were sent to the laboratory for

taxonomic identification.. The ticks were identified

by morphological characteristics according to

standard taxonomic keys (Hoogstraal and Kaiser,

1959 and Estrada-Pena et al., 2004). Engorged

female H. anatolicum anatolicum and H. punctata

were collected from the naturally infested sheep in

Urmia, West Azarbaijan of Iran. They were surface

sterilized by three second immersing in 70% ethanol.

The females were then dried on sterile filter paper,

transferred to Petri dishes containing one piece of

filter paper moistened with 1 ml of distilled water and

incubated at 28° C with 80% relative humidity (RH).

Petri dishes were transferred to desiccators and

humidity was provided using sutured salt solution.

Females started laying eggs after 4 weeks. The eggs

were transferred to separate tubes (2.5 × 15 cm)

containing a piece of paper, sealed up by soft cotton

band and incubated in desiccators at 28° C with 80%

RH. The newly emerged larvae were used in

bioassays. 

Bioassay Procedure: To determine the

susceptibility of H. anatolicum anatolicum and H.

punctata to M. anisopliae, two suspensions of conidia

were used (10
3

and 10
4

spores/ml). The treatments

were conducted by immersing larval stage (at least 20

larvae/Petri dish) of H.anatolicum anatolicum and

H.punctata in the spore suspension for 30 sec,

followed by transferring to Petri dish containing

moist filter paper. Control larval ticks were only

immersed in 0.05% aqueous Tween 80. All treated

and untreated ticks were observed by day interval up

to day 18 to detect dead ticks and signs of mycosis.

Three replicates were made for each suspension and

the mortality percentages were calculated.

One way ANOVA test was used for analyzing

statistical associations between the data results.

Associations were statistically significant with a P-

value of less than p<0.05. Statistical analysis of data

was performed with computer software (SPSS

windows 9.0). 

Results
All three strains of M. anisopliae were pathogenic

to H. anatolicum anatolicum and H. punctata, but the

degree of virulence of fungal strains varied

considerably (p<0.05). Strain 689 caused higher

mortality rate when used for infecting H. punctata and

strain 685 for H. anatolicum in comparison with other

strains (Tables 1 & 2).

The mortality rate caused by M. anisopliae

isolates for two tested concentrations of the fungi)

was varied from 50 to 88.2% for 10
3

and 10
4

conidia

/ml and 74.7 to100% for 10
4

conidia/ml against

H.anatolicum anatolicum and H.punctata 18 days

after post-infestation (Tables1 & 2). Tick mortality

rate varied significantly with increasing spore

concentration (p<0.05).

The mean percentage of mortality of H.

anatolicum anatolicum and H.punctata using two

different fungal suspensions 10
3

and 10
4

conidia/ml

and no fungal (control) was shown in the Table 1 and

2. 

Discussion
Although Strains of M. anisopliae have been

widely used for the control of agriculture and forest

pests (Ferron, 1981; Andersonet al., 1988; Maniania,

1993), little has been reported on their use for the

biological control of ticks. In the present study it was

revealed that this fungus is highly infective to larval

stage of H. anatolicum anatolicum and H. punctata

and that there are differences in the infectivity

amongst strains of M. anisopliae.

Fungal strains in general, seem to have same effect

against different tick species and stages (Gindinet al.,

2002). In a study by Mwangi et al., (1994) isolates of

B. bassiana and two of M. anisopliae were

investigated for pathogenicity against R.

appendiculatus. It has been revealed that the best

isolates of B. bassiana and M. anisopliae induced

mortalities of 73 and 35%, respectively, in unfed

adults compared to 0% in controls. Pirali-kheirabadi

et al., (2007) also in a study on the virulence of some

entomopathogenic fungi including M. anisopliae
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reported that these fungi can affect all developmental

stages of Boophilus annulatus, however, their

efficiency varied considerably based on the fungal

species and strains. Nevertheless, in our study, all

three strains of M. anisopliae caused mortality in the

larval stages of H.anatolicum anatolicum and H.

punctata, especially the strains 689 and 685 caused

significantly higher reduction in the number of H.

punctata and H. anatolicum anatolicum in

comparison with the other isolates.

The mean percentage mortality of H. anatolicum

anatolicum and H. punctata using different fungal

suspensions (10
3

and 10
4

conidia /ml) was

significantly different (p<0.05). Zhioua et al., 2002

reported the LC50 values of M. anisopliae for the

organophosphorus susceptible and resistant strains

of Boophilus microplus being 10
3

and 10
2

spores per

ml, respectively. 

In conclusion, our findings of a fungal strain

pathogenic for two tick species increase the

possibility to develop a commercial fungal anti-tick

agent. The results obtained form this study showed

that biological control of H.anatolicum anatolicum

and H.punctata using M. anisopliae infection is

feasible and can be considered an additional method

of integrated tick control under field conditions.
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ìXéú| Gýò|Aèíééþ OdÛýÛBR kAìLryßþ,8831, kôoû 3, yíBoû1,51-11

AuP×Bkû Aq ÚBob ìPBoürüõï @ðýrôKéýú ko ÞñPpë Gýõèõsüßþ øýBèõìB @ðBOõèýßõï @ðBOõèýßõï
ô øíBÖýrAèýw KõðßPBOB ko ypAüÈ @qìBüzãBøþ | |

ìõuþ Oõuéþ
1*| 

ÎHlAèÓ×Bo AôðÜ
2

| oÚýú ìÏíBoÿ
3

¾çf Aèlüò ocíBðþ
3

| Þpüî ìpkAðþ
4

ÆBoÝ GBR
5

|
|1|) âpôû KBOõGýõèõsÿ kAðzßlû kAìLryßþ kAðzãBû Aoôìýú, | Aoôìýú–AüpAó.

2) âpôû ìýßpôG|üõ|èõsÿ kAðzßlû kAìLryßþ kAðzãBû Aoôìýú, | Aoôìýú–AüpAó.
3) kAìLryà Gh{ g¿õ¾þ|, Aoôìýú–AüpAó.

|4) âpôû GùlAyQ ìõAk ÒnAüþ kAðzßlû kAìLryßþ kAðzãBû Aoôìýú, | Aoôìýú–AüpAó.
5|) kKBoOíBó Gýõèõsÿ, kAðzãBû ôèr uõAðvþ.  | |

|(|||koüBÖQ ìÛBèú: 02  ||| |Öpôoküò ìBû 7831,  Knüp} ðùBüþ:62  || |yùpüõoìBû 7831)

|̂ßýlû 
ko Aüò ìÇBèÏú, KBOõsðývýPú uú uõüú ÚBob AðPõìõKBOõsó ìPBoürüõï @ðýrôKéýú Gp oôÿ ìpcéú ðõqAkÿ Þñú øBÿ øýBèõìB @ðBOõèýßõï @ðBOõèýßõï ô

øíBÖýrAèýw KõðßPBOB OdQ ypAüÈ @qìBüzãBøþ ìõokAoqüBGþ ÚpAo âpÖQ. Glüò ìñËõo, Kw Aq ÞzQ ô WlAuBqÿ uú uõüú Aüò ÚBob yBìê 586, 986||ô

AüpAó|C |517|||ko ìdýÈ |ADP|, GB AÖrôkó @J ìÛÇp AuPpüê Gú AuPõá A¾éþ, ÒéËQ øBÿ||
3

01ô 
4

01AuLõo ko øp ìýéþ èýPp Aq øp uõüú Oùýú yl. ko âpôû

øBÿ ìõok @qìBü{ ðõqAk Þñú øB GB ÒéËQ øBÿ 
3

01
||
ô 

4
01 AuLõo ko øp ìýéþ èýPp Gú ìlR 03 SBðýú  @ÒzPú ylðl ô uLw Gú kAgê KPpÿ kü{ AðPÛBë üBÖPñl. ko

âpôû yBøl ðõqAk øB ko Oõüò 50/0 ko¾l ÒõÆú ôo ylðl. âpôû øBÿ @èõkû ô ÞñPpë øp kô oôq ô Gú ìlR 81 oôq ìõok Gpouþ ÚpAo âpÖPñl ô ko¾l ìpå ô ìýp

AüXBk ylû SHQ âpkül. ðPBüY Aüò Gpouþ, OBCSýp GBæÿ Þzñlâþ ko kô ÒéËQ ìõok Gpouþ ko ìÛBGéú GB ìpcéú æoôÿ øýBèõìB @ðBOõèýßî @ðBOõèýßî||ô

øíBÖýrAèýw KõðßPBOB||ðzBó kAk. øí̀ñýò ìzhÀ âpkül Þú uõüú 586 ô 986 Gú OpOýI GýzPpüò ASp Þzñlâþ oA ko ÒéËQ øBÿ AuLõo Gú ÞBo âpÖPú ylû

Gp ìpcéú ðõqAkÿ øýBèõìB @ðBOõèýßî @ðBOõèýßî ô øíBÖýrAèýw KõðßPBOB||kAoðl(50/0<p)||. |Aüò ìÇBèÏú ðzBó ìþ køl Þú ÚBob ìPBoürüõï @ðýrôKéýú, ÚBGéýQ

GvýBo gõGþ GpAÿ ÞñPpë ðõqAkÿ øýBèõìB @ðBOõèýßî @ðBOõèýßî ô øíBÖýrAèýw KõðßPBOB||kAok.

|ôAsû|øBÿ Þéýlÿ:

∗) ðõüvñlû ìvõöôë: Oé×ò: 4562792-1440ðíBGp: 6291772-1440   ri.ca.aimru.liam@ilossavat.m:liamE
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