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Abstract

In vitro trials were performed to evaluate the potential of three mitosporic fungi (Metarhizium anisopliae, Hirsutella thompsonii, Arthrobotrys oligospora) in biological control of the honeybee parasitic mite Varroa destructor. M. anisopliae showed significant levels of pathogenicity with high conidial concentrations (1 x 107 conidia ml-1) whereas with low concentrations (1 x 105 conidia ml-1) no pathogenicity was detected for any fungus. With the higher conidial concentration LT50 of treated mites was 71 hours for M. anisopliae, 100 h for H.thompsonii, 136 h for A.oligospora, whereas LT50 of control mites was 202 h. The role of dextrusins in the pathogenicity of M. anisopliaeand the potential for field use is discussed.

Introduction

The control of the parasite Varroa destructor Anderson and Trueman, is extremely difficult because of strains which evolve resistance to some active agents commonly used in apiculture, such as fluvalinate (Lodesani et al., 1995; Milani, 1995). Moreover the reinfestation of treated hives (Milani et al, 1993), and a possible accelerated preimaginal development the parasite ( Martin, 1994) reduce the efficiency of chemical and biotechnicnological treatments. Consumer health, the growing number of organic beekeepers, the problem of residues of synthetic acaricides in honey and in wax, provide an increasing demand for non chemically synthesized anti-varroa products. 

The use of entomopathogenic fungi as biological control agents for plants is well known and they have been successfully used in the field (Inglis et al, 2001). Hirsutella thompsoni Fisher, for example, is used for biological control of the citrus rust mite, Phyllocoptruta oleivora (Ashm.), in Florida (Minteret al, 1983) and of the cocunut mite, Eriophyes guerronis (Keifer), in the Ivory Coast and Mexico (Beevi et al, 1999). Metarhizium anisopliae (Metschn.) Sorok is a world-wide soil-inhabiting fungus which has been reported to infect more than 200 species of insects and other arthropod.s Its use as a biological control agent has been investigated for many crops and animal pests and in some cases is effectively applied (Milner, 2000; Zimmermann, 1993). Arthobotrys Corda genus has been used in trials to asses its potential for the biological control of nematodes (Jaffee, 2000). Entomopathogenic fungi are studied for animal safety , such as against sheep and cattle ticks (Smith et al., 2000; Kaaya et al., 1996).

The aim of this work was to investigate the effects of three different fungal pathogens on Varroa destructor in order to evaluate their potential as biological control agents in beekeeping.

Materials and methods

M. anisoplae, H. thompsonii and A. oligospora were cultured on Petri dishes containing potato dextrose agar (PDA, DIFCO) for the production of inoculum. 

0.5-cm diameter discs, taken from each colony, were separately cultured in 15 Petri dishes, per fungus, at 23+2°C. Their incubation time varied from 10 to 24 days due to the different growth and the sporulation characteristics. Mycelium was extracted from the dishes using a metal loop, placed in 10 ml of Czapek (DIFCO) medium and agitated until a homogeneous suspension was obtained. 

The concentration of the suspensions was evaluated in propagules/ml with a hemocytometer. The fungal suspensions were used to cover previously prepared Petri dishes (36 mm diameter x10mm high) coated with sterile and residue free wax: 0.4 ml of suspension were homogeneously distributed with an Ox-hair paintbrush n° 2 upon the whole surface of the Petri dish (walls and lid included) in order to form a thin film over the wax.

The mites, 4 per dish, were placed in the inoculated Petri dishes (8 per treatment) and left for 2 hours before being fed with spinning larvae (l5 stage). The larvae (2 per dish) were substituted every 24 hours. For each treatment (3 fungi and 1 control) 16 mites were used.

The trial dishes were incubated in a thermostat at 26°C and 70% R.H., in the dark. Observations were carried out every 24 hours in order to count the dead mites, until all mites were dead. 

Two trials were performed with two different concentrations (107 – 105). In the first trial the following concentrations were used: M. anisopliae 7.25 x 107 propagules/ml; H. thompsonii 3.20 x 107 propagules/ml; A. oligospora 1.11 x 107 propagules/ml; in the second trial lower fungal concentrations were considered (M. anisopliae 3.04 x 105 propagules /ml; H. thompsonii 1.15 x 105 propagules /ml; A. oligospora 4.70 x 105 propagules /ml). 

In both the experiments, the control dishes were treated only with Czapek medium. 

For each concentration, a replication was carried out one month later. 

Times taken until 50% of the mites were dead (LT50) and times taken until 95 % of the mites were dead (LT95) were obtained through probit trasformation of the data. A Chi Square was calculated to evaluate differences among the thesis. 

To establish differences inside each concentration test, the times taken for each mite to die were log transformed prior to post-hoc means comparison using Scheffé's multiple comparison procedure in GLM analysis, where the kind of treatment (fungi and control) was the factor.

Results

In the trial with the lower fungal concentration, no significant differences were observed among the differently treated mites (χ2= 1.64 P=0.65). Considering the control LT50 (173 h) equal to 100 %, the LT50 averages, in percentage, were 87.3%, 84.9% and 80.9% respectively for M. anisopliae, H. thompsonii and A. oligospora, while the LT95 were respectively 101.5%, 88.3% and 100% (Tab 1).

Tab. 1. Lower conidial concentration test. LT50 and LT95 average, in hours and in percentage, for each treatment and their fiducial limits. No significant difference was found among treatments (χ2= 1.64 P=0.65; no heterogeneity factor was used).

Treatment
LT50 (hours)
Fiducial limits
LT50 (%)
LT95 (hours)
Fiducial limits
LT95 (%)

M. anisopliae 
151
125-207
87.3
320
247-501
101.5

H. thompsonii
147
126-184
84.9
278
227-381
88.3

A. oligospora
140
116-187
80.9
315
247-470
100

Control
173
144-233
100
315
248-467
100

With the higher fungal concentration, a significant difference among the thesis was found (χ2= 23.086 P<0.01). The average LT50 was respectively 39.4%, 55,6% and 71.1% (M. anisopliae, H. thompsonii and A. oligospora) of the control group (180 h), while the LT95 was respectively 37.3%, 51.4% and 71.1% of the control group (327 h) (Tab.2). 

Tab. 2. Higher conidial concentration test. LT50 and LT95 average, in hours and in percentage, for each treatment and their fiducial limits. The treatments were significantly different (χ2= 23.086 P<0.01; an heterogeneity factor was used). Scheffé’s test (P<0.05) indicates a significantly lower time needed to kill the mites in the M. anisopliae treated group whereas the other two fungi groups were not significantly different from each other but they were from the control group (Scheffé test, P<0.05). 

Treatment
LT50 (hours)
Fiducial limits
LT50 (%)
LT95 (hours)
Fiducial limits
LT95 (%)

M. anisopliae 
71
65-78
39.4
122
110-144
37.3

H. thompsonii
100
88-117
55.6
168
142-216
51.4

A. oligospora
128
104-187
71.1
240
183-392
71.1

Control
180
129-436
100
327
218-888
100

In particular, mites treated with the higher concentration of M. anisopliae died significantly earlier than the other fungus treated and control mites (Scheffé test, p<0.05) whereas H. thompsonii and A. oligospora treated mites, in terms of death time, were not significantly different to each other while being significantly different from the control group (Scheffé test, p<0.05). 

 

Discussion

Entomopathogenic fungi usually penetrate the insect cuticle either by producing enzymatic secretion or through physical penetration (Charnley and Leger, 1991). On the varroa mite both kinds of penetration would be difficult due to the almost complete sclerification of the cuticola. Furthermore the absence of hyphae on the cuticular surface of the mites seems to indicate that fungal invasion was not the cause of death. Response with M. anisopliae suggests some form of toxin involvement. M. anisopliae is known to produce several toxic secondary metabolites, destruxins (cyclic depsipeptides) which are considered to be important pathogenicity determinants (Clarkson and Charnley, 1996). The relevant difference in the LT95 (122h against 327h) between the group of mites treated with M. anisopliae at the higher concentration (7,25 x 107 propagules/ml) and the control group, strongly suggests that the fungus caused the mites’ early death. The fact that at the lower concentration the group treated with M. anisopliae shows no significant difference in death time compared to the other groups, suggests that a threshold concentration is needed for the fungus to explicate its pathogenic activity. The results of this initial in vitro trial show that, given the optimal temperature and humidity conditions, and with a certain concentration, the entomopathogenic fungus M. anisopliae can represent a means of controlling the honeybee parasitic mite varroa. It would now be interesting to see whether it will be able to express its pathogenicity in in vivo conditions.
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