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	At LO-skolen in Elsinore (Denmark) the Danish Centre of Biological Control is organising a workshop concerning potential health and environmental risks related to the use of organisms for the biological control of pests and diseases in agriculture. The workshop is co-ordinated by the National Environmental Research Institute, Department of Environmental Chemistry and Microbiology. 
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Programme

November 15th 2004. Health Effects

	09.30-10.00  
	Registration, accommodation and coffee

	10.00-10.15
	Welcome, etc

	10.15-10.45
	Introduction – T. Licht: Biological Control – Assessment of Health Risks

	10.45-11.30
	B. Munk Hansen: Enterotoxins – a potential risk of using B. thuringiensis products ?

	11.30-12.00 
	N. Høiby: Bacteria as biocontrol agents  – a problem for human health ?

	12.00-13.15  
	Lunch (Posters)

	13:15-13.45  
	J. Bælum: Allergenicity and macroorganisms for biological control

	13.45-14.15  
	M. Ehling-Schulz: Emetic toxin production in the B. cereus group species

	14.15-14.45
	A. Wilcks: Bacillus thuringiensis: fate and effect in human flora associated rats

	14.45-15.30  
	Coffee (Posters)

	15.30-16.00
	A. Fjelsted: Regulation of microbial plant protection products

	16.00-16.30
	H. Rosenquist: The occurrence of B. thuringiensis in food

	16.30-17.00 
	N. B. Hendriksen: Occurrence of a specific microbial pest control agent in food

	17.00-17.30 
	Closing of session

	18.00 
	Dinner

	19.30-
	Evening discussions (Posters)

	
	


November 16th 2004. Environmental Effects

	08.00-09.00
	Breakfast

	09.00-09.05 
	Morning welcome

	09.05-09.30
	Introduction – J. Eilenberg: Biological Control and Environmental Risks with emphasis on entomopathogenic fungi

	09.30-10.00
	J. Enkerli: A strategy to study potential effects of the biological control agent Beauveria brongniartii on indigenous populations and other microorganisms in soil

	10.00-10.40  
	J. Van Lenteren: Unintended effects of macroorganisms and how to prevent future mistakes

	10.40-11.00
	Coffee (Posters)

	11.00-11.30
	H.P. Ravn: Effects and side-effects of herbivores on weeds

	11.30-12.15 
	A. Winding: Non-target effects of bacterial control agents suppressing pathogenic fungi

	12.15-13.15 
	Lunch

	13.15-13.45
	A. Johansen: A greenhouse study on the effects of a bacterial and a fungal biocontrol agent on the indigenous soil microbiota

	13.45-14.15  
	S. Ravnskov: Interactions between microbial biocontrol agents and arbuscular mycorrhiza

	14.15-15.00
	N. Bohse Hendriksen: Occurrence, ecology and effects of B. thuringiensis and other B. cereus group bacteria

	15.00-15.15
	Closing of session


Abstracts of oral presentations

Biological control – assessment of health risks
Tine Rask Licht, Senior Scientist, Danish Institute for Food and Veterinary Research

The use of bacteria and fungi for pest control in agriculture is generally considered to be a good and ‘green’ alternative to chemical pesticides. The applied microorganisms often occur naturally in the soil, and are typically regarded to be less harmful to consumers and environment than aggressive chemical compounds. However, due to the ability of microorganisms to replicate and eventually infect, there is a clear difference between the potential risks associated with microorganisms, and those associated with chemical plant protection products. Therefore, it is important to assess putative health risks connected to consumption of food products treated with microbiological pesticides.  

Obvious risks include any pathogenic, invasive and/or toxic potential of the applied organisms. Also the ability to colonize and persist in the intestines of the consumer can be considered an adverse (or at least undesired) health effect of ingested plant protection products. While acute toxic or invasive properties of a plant protection product are usually rather uncomplicated to reveal, adverse effects of long-term exposure are much more difficult to detect and to evaluate. Such effects include mutagenic, carcinogenic, teratogenic and immunotoxic properties of secondary metabolites produced by the microorganism. Additionally, a putative allergenic potential of an organism can be difficult to assess.

The assessment of health risks affiliated with products for biological pest control is, as is the case for chemical pesticides, carried out based on a set of specific data requirements. The required experiments include exposure of laboratory animals by various routes of entrance (oral, dermal, pulmonary). Furthermore, the identity and taxonomic classification of the microorganism plays a very important role for the risk assessment. If it is e.g. known that related organisms have the capacity for production of toxic metabolites, documentation for absence of such a capacity in the organism in question may be required. 

Understanding the mode of action of the plant protection product is a crucial step in the evaluation process, since the microorganism should ideally function as a cell factory working directly on the spot where the target organism is harmful.  

The practice and interpretation of risk assessments regarding microbiological plant protection products varies markedly between countries. Recently, attempts had been made to formulate a set of uniform principles for the risk evaluation and management carried out within the European Union.   

Enterotoxins – a potential risk of using B. thuringiensis products?

Bjarne Munk Hansen and Niels Bohse Hendriksen, Department of Environmental Chemistry and Microbiology, National Environmental Research Institute, Frederiksborgvej 399, 4000 Roskilde, Denmark

B. thuringiensis based products have been used in insect control programmes for decades without identification of significant undesired effects on humans and environment. Similar results have been obtained from numerous experiments where animals and environments have been exposed to B. thuringiensis products and/or B. thuringiensis spore-crystal mixtures. However, during the last 10 years risk assessments and research programmes have focused on the potential risks of traits normally found in the close relative, B. cereus. B. cereus is normally considered being an opportunistic human pathogen primarily causing gastro-intestinal diseases, but also somatic infections are significant. Two types of gastro-intestinal diseases are caused by B. cereus: emesis and diarrhoea. Emetic symptoms are caused by cereulide, a cyclic dodecadepsipeptide. The diarrhoeal symptoms are caused by a number of toxins expressed in the gut after germination of ingested spores. The toxins involved in diarrhoea are primarily the hemolytic (HBL) and the non-hemolytic enterotoxic complexes (NHE) but also products like phospholipase C, sphingomyelinase, proteases and cytolytic activities are expected to participate. Genetic and phenotypic investigations have shown that all B. cereus traits, which seems to be involved in diarrhoea including their regulatory functions, are present in B. thuringiensis. Toxicity analysis with Vero cells have shown that B. thuringiensis has the same toxicity level as B. cereus isolated from cases of human diarrhoea. Thus, with the present knowledge from B. cereus strains causing diarrhoea, it must be concluded that B. thuringiensis has the potential to cause diarrhoea. However, cases where commercial B. thuringiensis strains have caused diarrhoea have not been described, which might be explained by the fact that physicians never look for crystal production in B. cereus isolated from patients. But as long as we are unable to predict whether a specific B. cereus isolate is able to cause disease in humans, we have to search for an understanding of the potential B. thuringiensis pathogenesis.

Allergenicity of macroorganisms used for biological control

J. Baelum1), Larsen, P1), Doekes, G2), Enkegaard, A3), Skov PSS4), and Sigsgaard, T5). 1)Department of Occupational and Environmental Medicine, Odense University Hospital, Denmark. 2)Institute of Risk Assessment Sciences, University of Utrecht, the Netherlands, 3)Danish Institute of Agricultural Sciences, Flakkebjerg, 4)RefLab ApS Copenhagen, Denmark, 5)Institute of Environmental and Occupational Medicine, University of Aarhus.

Predatory animals have been used for several years in greenhouses to minimize attacks of a number of insects and mites. Most often used in Danish greenhouses are the mites Amblyseius cucumeris, Amblyseius californicus, Phytoseiulus persimilis, Hypoaspis miles, and the predatory wasps Aphidius colemani and Encarsia formosa. As sources of complex proteins they are likely candidates as allergens. A primary literature survey showed, that the animals survive and can reproduce in the greenhouse environment and therefore are a continuous source in the environment and possibly in the end products, primary ornamental plants.

The present study included a cross sectional material of 579 persons (32% males and 68% females) in 31 greenhouse companies. The persons were followed for two-three years with annual examinations in the period 1997-2001. Symptoms and work conditions were obtained by interview. Besides spirometry and bronchial challenge, skin prick test with standard inhalatory allergens were measured. The cohort has been follow for three years.

In the present analyses specific IgE against 6 beneficial species Amblyseius cucumeris, Amblyseius californicus, Phytoseiulus persimilis, Hypoaspis miles, Aphidius colemani and Encarsia formosa, as well as of the 2 pest species, the two-spotted spider mite Tetranychus urticae and the mould mite Tyrophagus putrescentiae are measured. Preliminary, a screening of one sample for each person is being carried out, in the next step a more extensive analysis of all samples of the persons reacting to selected animals will be analysed to estimate the incidence of sensibilisation and the relation to clinical symptoms.

A person in the material, a 35 y woman developed rhinitis in relation to handling Amblyseius cucumeris during the period of investigation. Symptoms in relation to this mite have not been reported previously. The case will be discussed.

Bacillus thuringiensis: fate and effect in human flora associated rats
Andrea Wilcks and Tine Rask Licht, Department of Microbiological Food Safety, Danish Food and Veterinary Research Institute

The bacterium Bacillus thuringiensis (Bt) is used for pest control due to the production of specific crystal proteins ((-endotoxins) that are toxic to insects. Around 50% of the microbial plant protection products purchased in Denmark and 90% of those purchased worldwide are based on this organism. There is a growing demand for organic production, where the use of Bt is allowed in Denmark, and at the same time there is an increasing tendency that vegetables are consumed raw or only slightly heat-treated. Consequently it is necessary to increase the attention on putative health effects caused by Bt after oral ingestion. An important issue in the assessment of putative health effects is the ability to survive and colonize the gastrointestinal tract, and their potential effect on the surrounding gut flora.

In this project we studied three strains of the B. cereus family, one B. cereus strain (F4433/73) know to produce high amounts of enterotoxins, and two Bt strains (subsp. kurstaki and subsp. israelensis) that are used in commercial products. Three independent animal experiments were performed, one with each strain. Germfree rats colonized with a human faecal flora where divided into four groups and dosed with a) irradiated spores, b) untreated spores, c) heat activated spores, and d) vegetative cells. The rats were dosed four consecutive days, half of the rats were sacrificed on the fifth day, and the other half two weeks after the last dosing with B. cereus or Bt cells. 

Dosing animals with vegetative cells of the three strains did not give rise or only to very few B. cereus like cells in faecal and intestinal samples taken during the experiment. Untreated and heat activated spores were detected up to a concentration of 106 cfu/g faeces during the dosing period with B. cereus or Bt. Experiments with exposure of Bt to simulated gastric fluid explained these results, since vegetative cells were rapidly killed, whereas untreated and heat activated spores survived well in this hostile environment. 

Two weeks after the last dosing with spores, B. cereus or Bt could still be detected in faecal and intestinal samples in some animals. In the group treated with heat-activated spores of Bt subsp. kurstaki, one animal had a two log higher concentration of this bacterium in faeces and intestine than the rest of the animals. Furthermore, in this animal Bt cells were found in the spleen after sacrifice.

To study if the three strains have any effect on the indigenous gut flora, faecal and intestinal samples were plated on selective and non-selective media. To study the uncultivable fraction of the gut flora, which is considered to be the largest amount, DGGE with universal primers were performed. In addition DGGE was performed with specific primers to detect changes in the Lactobacillus and Bifidobacteria populations. These data are still in progress, and will be presented if available.

Regulation of microbial plant protection products and active micro-organisms in the EU

Anita Fjelsted, Ministry of Environment, Danish Environmental, Protection Agency, Copenhagen, Denmark

The purpose of the presentation will be to explain the regulation of microbial plant protection products in the EU as well as on national level in the EU member states.  

Since July 1993 the microbial plant protection products and the active micro-organisms in these products have in the EU been regulated according to EU Directive 91/414/EEC. This Directive has 6 Annexes. Annex I of the Directive is a table with all microbial strains (as well as chemical active substances) that have gone through the EU evaluation process and subsequently have been accepted - and therefore obtained an "Annex I inclusion".  Annex II and III contain data requirements for the active micro-organisms and the formulated products respectively. 

In the EU regulation system, the microbial plant protection products can be separated in two categories. Those that were placed at the EU market before July 1993 (containing existing micro-organisms) and those that were not (containing new micro-organisms).

Until today 9 applications for Annex I inclusion for new micro-organisms have been submitted and EU evaluations of theses have been initiated. At present 5 of these micro-organisms have been included in Annex I. The EU evaluation process for these micro-organisms have lasted for several years.

The existing/old micro-organisms have until now only been evaluated at national level. However, also these micro-organisms will in the future have to go through the EU evaluation process. Applications for the EU Annex I inclusion of these approximately 50 microbial strains need to be submitted in autumn 2005.

The occurrence and significance of B. thuringiensis in food

Hanne Rosenquist

Randomly collected samples of ready-to-eat food products for sale at retail level in Denmark are routinely screened for the occurrence of Bacillus cereus (Bc) like organisms to evaluate the microbiological status of the products. According to the Danish guidelines for the occurrence of Bc like organisms in ready-to-eat food, levels below 10(3) cfu/g are satisfactory and levels above 10(4) cfu/g are unacceptable. In the period 2001-2003, a total of 48,901 samples of different ready-to-eat food products were tested. These comprised fresh fruits and vegetables, heat-treated products such as ready-prepared dishes, sauces, meat, pasta, and rice, and products with both fresh and heat-treated ingredients, for example sandwiches, pasta salad, vegetable/meat/fish mayonnaise, and desserts including ice cream and cream-cakes. Of these, 98.7% had satisfactory, and 0.5% had unacceptable levels of Bc like organisms. Products with the highest frequency of unacceptable levels (>1%) were heat-treated rice, desserts with milk/rice, and cake custard. These are products, in which the Bc like organisms have had the opportunity to grow after heat treatment as a consequence of improper cooling. In fresh fruits and vegetables, 0.2% of 991 samples had unacceptable levels of Bc like organisms. These levels were found on a cucumber and on cherry tomatoes. Examples of other products with high levels (10(3)-10(4) cfu/g) were peppers, grapes, herb seasonings, and mushrooms.

To investigate the relative occurrence of Bc and Bacillus thuringiensis (Bt) among the Bc like organisms, 40 Bc-like strains were randomly selected from the products. Both Bc and Bt belong to the Bc group, but the method used in the routine surveillance does not discriminate between these species. The 40 strains were classified as Bt if intracellular crystal protein was present or as Bc if crystal protein and selected cry-genes were absent. A total of 24 strains (60%) were Bt, and 14 strains (35%) were Bc. Two strains (5%) harboured cry-genes encoding for crystal proteins, but produced no visual crystals. This result shows, that the occurrence of Bt in food is rather common. None of the 40 strains investigated were identical to the Bt strains used in the commercial insecticides.
The ability of the Bc and Bt strains to produce enterotoxins (diarrhoeal syndrome) and emetic toxin (emetic syndrome) were studied to evaluate their significance in relation to food-borne illness. All 40 strains were positive for enterotoxin production, but emetic toxin was only produced by one Bc strain. This shows that Bt has the same potential as Bc for causing diarrhoeal syndrome. Regarding the ability to cause emetic syndrome no conclusions can be drawn due to the low number of strains studied. 

Preliminary results from an investigation of another 128 strains of Bc like organisms from fresh fruits and vegetables have shown that 34 strains (27%) produced crystals and could be classified as Bt. Of these, 5 strains (originating from tomatoes, cucumbers, peppers, celery, and grapes) had a crystal morphology and a cry-gene (cry1) similar to one of the commercially used Bt strains. It was in one of these products that the national surveillance revealed unacceptable levels of Bc like organisms.  

Occurrence of a specific microbial pest control agent in food

Niels Bohse Hendriksen & Bjarne Munk Hansen, National Environmental Research Institute, Department of Environmental Chemistry and Microbiology

Microbial pest control products based on the activity of Bacillus thuringiensis is in common use for the control of lepidopteran larvae. Several of these products contain the strain B. thuringiensis kurstaki HD1.

We have developed a system for the identification and enumeration of this important strain. The system consists of a quantification of B. cereus-like bacteria on T3-agarplates followed by a verification of the affiliation of these bacteria by a PCR-assay for the B. cereus-group. A number of random selected B. cereus-like isolates are then examined for there affiliation to B. thuringiensis by microscopy for crystals and a PCR-reactions for Cry1(a), Cry1(b) and Cry1(c) genes. If the isolate produce crystals and contains one or more of the genes, then we search for the presence of the gene for the flagellin B gene by PCR, among B. thuringiensis strains this gene is almost restricted to B. thuringiensis kurstaki. If this gene is present, a RAPD-PCR assay is used to differentiate B. thuringiensis kurstaki HD1 from other kurstaki strains.

We have used the identification and enumeration system to study the occurrence of B. thuringiensis kurstaki HD1:

· During a field experiment with the product Dipel containing B. thuringiensis kurstaki HD1

· In an organic grown cabbage field – never sprayed with B. thuringiensis.

· On different cabbages for consume

The system shows its strength by allowing for the quantification of B. thuringiensis kurstaki HD1 during a field experiment, the identification of the strain in a field never treated with products containing it and by the quantification at low levels (1-100 CFUs/g) in vegetables for consumption.

Biological control and environmental risks with emphasis on entomopathogenic fungi

Jørgen Eilenberg, Department of Ecology, The Royal Veterinary and Agricultural University, Thorvaldsensvej 40, 1871 Frederiksberg C., Denmark, jei@kvl.dk

Biological control is very useful, but will in principle also posses environmental risks, which must be addressed. Many species of entomopathogenic fungi have been considered for insect biocontrol, while only a few species have been used for inundative and inoculative releases in field situations. These fungi include species from the genera Beauveria, Metarhizium and Paecilomyces.  We therefore have much data on non-target effects of these fungi, and the presentation aims to evaluate some of these data (especially from a project funded by EU (BIPESCO) and The Ministry of Environment in Denmark) in a conceptual framework. This will allow us to discuss how the scientific community, the EU authorities and the public should perceive these non-target effects. For example: is one infected non-target invertebrate simply ‘one to many’, from different perspectives? If not, which percent infection of non-targets can be tolerated under which circumstances?

In the presentation the following elements will be discussed:

· Ecological versus physiological host range of a fungus

· What are nontarget effects against invertebrates?

· Nontarget effects over time 

· A comparison of inundative versus inoculative releases

· In the bottom line: are the non-target effects of fungi insignificant

Core references:
Eilenberg, J; Hajek, A.; Lomer, C. (2001): Suggestions for unifying the terminology in biological control. BioControl, 46: 387-400.

Vestergaard, S.; Cherry, A.; Keller, S.; Goettel, M. (2003): Safety of Hyphomycete fungi as microbial control agents. In Hokkanen, H.; Hajek, A. (eds.): Environmental Impacts of Microbial Insecticides, 35-62.

Eilenberg, J.; Hokkanen, H., (eds): An Ecological and Societal Approach to Biological Control. Springer (to be completed autumn 2004).
Occurrence, ecology and effects of Bacillus thuringiensis and other B. cereus-group bacteria

Niels Bohse Hendriksen & Bjarne Munk Hansen, National Environmental Research Institute, Department of Environmental Chemistry and Microbiology

B. thuringiensis is widely used for the control of insect pests in agriculture. In Denmark it is notably used for the control of lepidopteran larvae on different kinds of cabbages in the field.

To study the fate of B. thuringiensis in the field a long-term experiment with Bt-spraying on cabbage and a shorter on curly kale, with up to four applications, have been conducted. The results showed, that the survival on leaves is low after two weeks, even after three applications. The survival on the leaves is enhanced during autumn. Survival in the soil at low concentrations (500-1000 cfu/g) for 11 years has been documented.

As a background for the assessment of the use of B. thuringiensis, the natural occurrence of Bacillus cereus and B. thuringiensis on cabbage has been investigated. 17 plots in Denmark were planted with Curly kale  (Brassica olearacea acephala) in June 2001.  During September the number of Bacillus cereus and B. thuringiensis spores occurring in the soil, on lower and upper leaves were quantified by plate counting. From all samples a total of 524 colonies were isolated and subcultured. PCR analysis for the 16S-23S rDNA spacer region revealed that 98% of the isolates was correctly identified by colony morphology as belonging to the B. cereus group. Of these, 1.3% were determined to be B. thuringiensis on the basis of crystal formation. The highest numbers were found in the soil where a mean 9.0 x 104 cfu/g was found. On the lower leaves close to the soil surface there were1.4 x103 cfu/g, while as few as 15 cfu/g where found on the leaves from the top of the plants. The number of spores found in soil and on leaves is log-normal distributed, with the spores more contagiously distributed on the upper leaves as compared to the lower, which again are more contagiously distributed than in the soil. The variation between leaves within the same plot and type is often equal to the variation between plots. The number of spores on leaves is partly explained by the amount of soil adhering to the leaves. However, growth on the leaves also seem to be of importance, as analysis of isolates by a molecular typing method (RAPD) reveal that clones of B. cereus group cells are found on leaves with a high number of spores. 

To further investigate the characteristics of B. cereus-group bacteria from the field, we analysed 96 B. cereus and 96 B. mycoides like bacteria from a single soil. The bacteria was characterised with regard to growth at low (6°C) and high (42°) temperatures and presence of 13 genes coding for proteins potentially involved in human pathogenesis of B. cereus.  Most of the B. cereus and B. mycoides, were able to grow at 6°C and must be regarded as psychro-tolerant. Most of the genes  potentially encoding proteins involved in pathogenesis were present in almost all the examined strains, while the presence of two of the genes were limited to a few strains.

The results are discussed in relation to the assessment of Bacillus thuringiensis as a microbial pest control agent.

A strategy to study potential effects of the biological control agent B. brongniartii on indigenous populations and other microorganisms in soil

Jürg Enkerli, Kaspar Schwarzenbach, Siegfried Keller, and Franco Widmer, Agroscope FAL Reckenholz, Swiss Federal Research Station for Agroecology and Agriculture, CH-8046 Zürich, SWITZERLAND juerg.enkerli@fal.admin.ch

The filamentous soil fungus Beauveria brongniartii (Sacc.) Petch (Mitosporic Fungi) is used as a biocontrol agent (BCA) to control the soil dwelling larvae of the European cockchafer (Melolontha melolontha), a pest mainly in orchards and grasslands. A product based on this fungus has been registered in Switzerland for biocontrol of M. melolontha and is commercially available since 1991. 


Our goal is to develop and apply new molecular genetic tools that allow monitoring of applied BCA strains in the field and to investigate possible effects on other soil inhabiting microorganisms.  The well characterized B. brongniartii BCA provides an ideal model system to develop and establish such tools.

In a first step we have developed microsatellite markers for strain-specific identification of B. brongniartii isolates (Enkerli et al. 2001). These markers allow to monitor both persistence of applied B. brongniartii BCA strains as well as genetic diversity of indigenous B. brongniartii populations in a cultivation dependent assay (Enkerli et al. 2003). 

In a second step we are now adapting the microsatellite tool to a cultivation independent PCR method for identification of applied strains in bulk soil DNA extracts. The same technique can be applied to investigate possible effects of B. brongniartii BCA strains on indigenous bacterial and fungal soil population structures. For such studies PCR amplifications target the ribosomal RNA gene cluster by use of fungal or bacterial group specific primer pairs (Widmer et al. 2001). Resulting genetic fingerprints will be used to assess possible effects and effect levels of BCA application on microbial population structures in soils.

Enkerli, J., Widmer, F., Gessler, C., and Keller, S. (2001). Strain specific microsatellite markers in the entomopathogenic fungus Beauveria brongniartii. Mycological Research 105: 1079-1087.

Enkerli, J., Widmer, F., and Keller, S (2004). Long-term field persistence of Beauveria brongniartii strains applied as biocontrol agents against European cockchafer larvae in Switzerland. Biological Control 29: 115-123

Widmer F, Fliessbach A, Laczko E, Schulze-Aurich J, Zeyer J (2001) Assessing soil biological characteristics: a comparison of bulk soil community DNA-, PLFA-, and BiologTM -analyses. Soil Biology and Biochemistry, 33, 1029-1036.

Unintended effects of insect natural enemies and how to prevent future mistakes

J.C. van Lenteren, Laboratory of Entomology, Wageningen University, P.O. Box 8031, 6700 EH Wageningen, The Netherlands, Joop.vanLenteren@wur.nl

Unintended effects of insect natural enemies

In the past 100 years about 5000 releases have been made with exotic natural enemies as biocontrol agents for pest control, and surprisingly few negative effects were found. These introductions have often resulted in permanent and sustainable pest control. However, potentially, the release of exotic natural enemies may lead to unwanted non-target effects. The exotic natural enemies may attack (1) beneficial non-target organisms like pollinators or other natural enemies, (2) rare/endangered insects like butterflies, and (3) other non-target organisms, and attack of these non-target species may lead to unintended ecosystem effects.

Though they occur very rarely, I will present several examples about mistakes in biological control. The most recent example of unintended effects concerns the widespread establishment and population explosion of the multicoloured Asian ladybeetle Harmonia axyridis in North America and North Europe. In addition to reducing pest aphids in various crops and trees, this polyphagous ladybeetle seems to displace native ladybeetle species, may attack other natural enemies, butterflies and other non-target organisms, can form pests on fruit and contaminate wine, may massively enter houses and can bite humans.

How to prevent future mistakes?

The current popularity of biocontrol may result in more problems, as activities will be executed increasingly by persons not trained in biological control. Therefore, a methodology for risk assessment has been developed for regulation of release of exotic natural enemies (van Lenteren et al., 2003). This framework for risk assessment is integrating information on the potential of an agent to establish, its abilities to disperse, its host range, and its direct and indirect effects on non-target organisms. Drawing on published information, expert opinion and in depth case studies, the proposed risk assessment methodology was applied to a number of biological control agents currently in use. The risk assessment methodology can discriminate between agents, with some species attaining low ‘risk indices’ and others scoring moderate or high. It can also prioritize biocontrol agents. This risk assessment method forms one of the elements of a guidance document for the regulation of Invertebrates as Biological Control Agents within the Organization for Economic Cooperation and Development countries (OECD, 2004). Currently, the IOBC Study Group “Harmonization of the Regulation of Invertebrate Biological Control Agents” chaired by Dr. F. Bigler (franz.bigler@ fal.admin.ch) is continuing the work on drafting guidelines for regulation of import and release of natural enemies in Europe.

van Lenteren, J.C., Babendreier, D., Bigler, F., Burgio, G., Hokkanen, H.M.T., Kuske, S., Loomans, A.J.M., Menzler-Hokkanen, I., Rijn, P.C.J. van, Thomas, M.B., Tomassini, M.C., Zeng, Q.Q., 2003. Environmental risk assessment of exotic natural enemies used in inundative biological control. Biocontrol 48: 3-38; available as pdf

OECD, 2004. Guidance for Information Requirements for Regulation of Invertebrates as Biological Control Agents (IBCAs), Series on Pesticides No.21, ENV/JM/ MONO(2004)1: 22 pp (authors J.C. van Lenteren & W. Sexsmith), available as pdf on www.oecd.org

For general information concerning biological control see: www.iobc-global.org; new members of IOBC are welcome; please contact Lise Stengård Hansen at LiseS.Hansen@agrsci.dk

Effects and side-effects of herbivores on weeds

Hans Peter Ravn, Forest & Landscape, Danish Centre for Forest, Landscape and Planning. The Royal Veterinary and Agricultural University, Hørsholm Kongevej 11, DK-2970 Hørsholm. hpr@kvl.dk
Weeds are the pests of most significant economical and environmental importance. The herbicides comprise almost half of the sales of agrochemicals. In comparison insecticides make up about one third. Human transportation has been the main factor for introduction of plants form their indigenous place to locations where its own dispersal capacity would not have brought it. Arriving without natural enemies, the plants may – once established – be more competitive and develop into invasive weeds. 

Classical biological control is based on the introduction of non-indigenous natural enemies. The impact of these natural enemies can have substantial impact on the weed population dynamics. Once classical biological control of a weed species has been decided to be relevant, the first of the next steps are search for natural enemies in the indigenous place of the weed, selection and testing of specificity, and efficiency of potential biological control agents. Next steps are propagation, release, and evaluation of effect. Testing of host specificity and efficiency under quarantine conditions is essential. 

For evaluation of success of the control program it is more relevant to focus on the success of the entire program than on the number of successful agents.  Hoffmann (1995) suggests these criteria for evaluation: a) “complete” when no other control method is required or used in areas where control agents are established; b) “substantial” where other methods are needed but effort required is reduced; and c) “negligible”, where control of the weed is still dependent on other control measures despite damage inflected by agents on the weed. In South Africa 19 weeds out of 23 targeted are under either complete or substantial control with a success rate of 83%. In Hawaii the success rate is 50%.

During the 100 years of experience with weed bio-control, 133 weeds have been target organisms. 350 agent species have been released in more than 1000 release situations. There are only8 reports of attacks on non-target plants. In 5 of these cases the non-target attacks were anticipated, and in all cases the economic or environmental damages have been non-significant or minor. Economical benefit/cost ratios of the successful classical biological control programs show ratios between 2.5 and 1675:1.

Based on this experience it must be concluded that biological control of weeds using imported insects and pathogens is safe, environmentally sound and cost effective. It can not be excluded that there could be risks involved in this method. However, the risks are small and should be compared to those of alternative control methods. 

Non-target effects of bacterial biological control agents suppressing pathogenic fungi

Anne Winding, National Environmental Research Institute, Department of Environmental Chemistry and Microbiology

Microorganisms have knowingly been used to control plant diseases during the last century, and during the last decades, research and application of biological control agents (BCAs) as a pest control strategy have gained increasing attention. This has led to increased awareness also on non-target effects of bacterial BCAs that are used to suppress root pathogenic fungi. This presentation will review the mode of disease suppression by BCAs and published non-target effects of BCAs. The strengths and weaknesses of these studies will be critically evaluated. Finally, the non-target effects will be related to the success of the BCA in fungal pathogen control. 

Significant non-target effects of BCAs have indeed been observed, but generally small in scale and limited to a growth season, and without proven impact on soil health. Among the modes of disease suppression by BCAs antibiotic production is believed to be of major importance. But assurances that in situ antibiotic production actually occurs in environmental samples of the non-target effect studies are often lacking. Also the effectiveness of the BCA on the target pathogen and the absence of appropriate controls for inoculation effects and presence of pathogen are missing in most studies. In future non-target effect studies it is recommended to focus on proven effective BCAs and clearly distinguish effects of antimicrobial compounds from effects of general microbial activity.

A greenhouse study on the effects of a bacterial and a fungal biocontrol agent on the indigenous soil microbiota

Anders Johansen, National Environmental Research Institute, Department of Environmental Chemistry and Microbiology

Non-target effects of a bacterial (Pseudomonas fluorescens DR54) and a fungal (Clonostachys rosea IK726) microbial control agent (MCA), on the indigenous microbiota in bulk soil and the rhizosphere of barley, and subsequently sugar beet, were studied in a greenhouse experiment. Besides seed inoculation, the soil was inoculated with the bacterial and fungal MCA at 108 and 2(105 CFU g-1 dry soil, respectively. The bulk and rhizosphere soil was sampled during growth of the barley plants (harvested at maturity), and the following sugar beet plants, and assayed for a wide array of microbial parameters: survival of the MCAs, various bacterial counts, protozoan counts, microbial membrane lipids, soil enzyme activity and N-cycling processes. At the end of the experiment (193 days), DR54 and IK726 MCAs had declined a factor 106 and 20, respectively, and DR54 had experienced a short-lasting growth increase in the rhizosphere of sugar beet. In general, the non-target effects were small and transient. IK726 seemed to have a general stimulating effect on soil enzyme activity and the activity of the soil microbiota and resulted in a significant increase in plant dry weight. The plant growth promoting effect of DR54 was less pronounced and the bacterium displaced indigenous pseudomonads. At the same time DR54 stimulated growth of protozoans with a tolerance for the anti-fungal compound viscosinamide produced by DR54. In an additional treatment with the fungicide Fungazil, no effects on plant growth or soil microorganisms were observed. The phospholipid fatty acid (PLFA) technique detected the perturbations of the soil microbial community structure in the MCA treatments as well as the return to non-perturbed conditions reflecting the disappearance of the inoculants.

Interactions between microbial biocontrol agents and arbuscular mycorrhiza 

Sabine Ravnskov & John Larsen, Danish Institute of agricultural Sciences, Department of Crop Protection, Research Centre Flakkebjerg, DK-4200 Slagelse, Denmark, mailto:sabine.ravnskov@agrsci.dk
Most agricultural plants form arbuscular mycorrhiza, which is a symbiosis between roots and a certain group of biotrophic fungi. These fungi are living both inside the root, where nutrient exchange with the plant is taking place, and also outside the root, where an extensive mycelial network is formed, supplying the host plant with inorganic nutrients such as phosphorous. 

The environment with microbial growth and activity influenced by mycorrhizal roots and hyphae is defined as the “mycorrhizosphere”. Microbial biocontrol agents (MBCAs) need to be able to colonise the mycorrhizosphere in order to combat root pathogens under natural conditions. Hence, it is important to consider interactions in the mycorrhizosphere when developing MBCAs against root pathogens. Moreover, as with pesticides, it is important to consider undesired non-target effects of these MBCAs on other plant beneficial microbes such as arbuscular mycorrhizal fungi. The objective of this presentation is to give a summary of our work on interactions between arbuscular mycorrhizas and MBCAs both bacteria (Pseudomonas fluorescens, Burkholderia cepacia) and fungi (Trichoderma harzianum, Clonostachys rosea). 

In some cases interactions between MBCAs and arbuscular mycorrhizal fungi were studied using compartmented growth systems allowing studies without interfering effects from roots. Using this system we measured the effects of MBCAs on hyphal P transport, which is one of the key features of AM fungi in relation to their plant beneficial characteristics. None of the MBCAs tested influenced the hyphal P transport, even if all MBCAs have been shown to affect growth of the external mycelium of AM fungi, analysed both with hyphal length measurements and the fatty acid biomarker 16:1(5.

The influence of AM on MBCAs were studied measuring both growth and activity, using conventional spore counts after plate spreading and reporter systems such as lux and gus. In general, the external mycelium of AM symbioses tested, markedly suppressed all the MBCAs.
Organic matter has been added as a food source for the MBCAs to balance the interaction, as the AM fungi receives their energy supply from the host plant. In these cases however, the mutual inhibition between the AM fungi and MBCAs were reinforced. However, in a recent interaction study between the AM fungus G. intraradices and the fungal MBCA C. rosea, we found a synergistic plant growth promotion when tomato plants were grown in soil amended with organic matter despite a strong mutual inhibition between the two microbes. This coincided with a strong modulating effect of both AM and C. rosea on the general soil microbial community, most likely accelerating the organic matter decomposition and thereby counteracting nitrogen immobilisation. 

Like MBCAs AM has also been shown to suppress root pathogens such as Pythium ultimum and increase the tolerance of the host plant against root diseases. However, combining AM and MBCAs did not result in an enhanced biocontrol. 

In conclusion, interactions between AM fungi and MBCAs seems to be important and deserve further investigations when developing biocontrol strategies to manage root diseases. 

Occurrence, ecology and effects of Bacillus thuringiensis and other B. cereus-group bacteria

Niels Bohse Hendriksen & Bjarne Munk Hansen, National Environmental Research Institute, Department of Environmental Chemistry and Microbiology

B. thuringiensis is widely used for the control of insect pests in agriculture. In Denmark it is notably used for the control of lepidopteran larvae on different kinds of cabbages in the field.

To study the fate of B. thuringiensis in the field a long-term experiment with Bt-spraying on cabbage and a shorter on curly kale, with up to four applications, have been conducted. The results show, that the survival on leaves is low after two weeks, even after three applications. The survival on the leaves is enhanced during autumn. Survival in the soil at low concentrations (500-1000 cfu/g) for 11 years has been documented.

As a background for the assessment of the use of B. thuringiensis, the natural occurrence of Bacillus cereus and B. thuringiensis on cabbage has been investigated. 17 plots in Denmark were planted with Curly kale  (Brassica olearacea acephala) in June 2001. During September the number of Bacillus cereus and B. thuringiensis spores occurring in the soil, on lower and upper leaves were quantified by plate counting. From all samples a total of 524 colonies were isolated and subcultured. PCR analysis for the 16S-23S rDNA spacer region revealed that 98% of the isolates was correctly identified by colony morphology as belonging to the B. cereus group. Of these, 1.3% were determined to be B. thuringiensis on the basis of crystal formation. The highest numbers were found in the soil where a mean 9.0 x 104 cfu/g was found. On the lower leaves close to the soil surface there were1.4 x103 cfu/g, while as few as 15 cfu/g where found on the leaves from the top of the plants. The number of spores found in soil and on leaves is log-normal distributed, with the spores more contagiously distributed on the upper leaves as compared to the lower, which again are more contagiously distributed than in the soil. The variation between leaves within the same plot and type is often equal to the variation between plots. The number of spores on leaves is partly explained by the amount of soil adhering to the leaves. However, growth on the leaves also seem to be of importance, as analysis of isolates by a molecular typing method (RAPD) reveal that clones of B. cereus group cells are found on leaves with a high number of spores. 

To further investigate the characteristics of B. cereus-group bacteria from the field, we analysed 96 B. cereus and 96 B. mycoides like bacteria from a single soil. The bacteria was characterised with regard to growth at low (6°C) and high (42°) temperatures and presence of 13 genes coding for proteins potentially involved in human pathogenesis of B. cereus.  Most of the B. cereus and B. mycoides, were able to grow at 6°C and must be regarded as psychro-tolerant. Most of the genes  potentially encoding proteins involved in pathogenesis were present in almost all the examined strains, while the presence of two of the genes were limited to a few strains.

The results are discussed in relation to the assessment of B. thuringiensis as a microbial pest control agent.
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Methods for risk assessment of biological control programmes in the Sahelian region

Eva Nølke Fisker1,2, Jørgen Axelsen1, Niels Elmegaard1, Jørgen Eilenberg2, Christiaan Kooyman3, Jürgen Langewald3, Zakaria Ouambama4 and Abdoulaye Tonkoano4. 1The Danish National Environmental Research Institute, Vejlsøvej 25, 8600 Silkeborg, Denmark, 2The Royal Veterinary and Agricultural University, Thorvaldsensvej 40, 1871 Frederiksberg C, Denmark, 3I ITA, Benin Station, 08 B.P. 0932, Cotonou, Benin, 4AGRHYMET Regional Centre, P.O. Box 11011, Niamey, Niger


This Ph.D. project, which was initiated in 2003, is a part of ‘A programme for environmentally sound grasshopper control in the Sahel’ (PReLISS). The objective of the PReLISS project is to develop integrated grasshopper management strategies. The aim of the Ph.D. project is to develop, test and evaluate methods to assess and compare pest management strategies in terms of ecological and environmental risks. The study aims to describe the strengths and weaknesses of these methods in order to provide guidance for their application and to identify limitations to the use of the methods in the Sahel. The project is planned as a combination of a practical case study of biological control agents in the PReLISS project and an evaluation of practical use of data. One of the biological control agents is the fungal product Green Muscle, based on Metarhizium anisopliae var. acridum. Effects of treatment with Green Muscle, to control Oedaleus senegalensis, on two non-target grasshoppers, Pyrgomorpha cognata and Poekilocerus bufonius hieroglyphicus, were examined in 2003. The immediate effects of the application of the fungus as well as residual effects of treatments applied in 2001 and 2002 were examined. Results show that both non-target species can get infected by Green Muscle in field situations. In order to examine the survival of the fungus in the field and hence the length of exposure to potential non-target organisms, soil samples were collected from newly treated plots as well as from plots treated 1 and 2 years ago. No Green Muscle fungus has so far been recovered from any of the soil samples. Laboratory experiments on transmission of Green Muscle between grasshoppers are currently being undertaken. Ecosystem consequences of different grasshopper management strategies (pesticides, Green Muscle, Scelio sp., Nosema locustae) will be examined by use of the computer-model SahelEco, and a comparison of the different control agents will be undertaken. The Ph.D. project is funded by RUF, DANIDA.

The effect of entomopathogenic fungi on Coccinellidae
Anna Gorczyca, Magdalena Jaworska, Department of Agricultural Environment Protection, Agricultural University of Krakow, Al. Mickiewicza 21, 31-120 Krakow, Poland, e-mail: rrgorczy@cyf-kr.edu.pl

Coccinella septempunctata L. (Col.: Coccinellidae) is a beetle common throughout the whole of Palearctic. It preys principally on aphids and thus it is considered to be one of the most useful insect species. The objective of this study was to determine the susceptibility of the C. septempunctata imago to diseases caused by entomopathogenic fungi. Five species of such fungi isolated from Polish soils were employed in the study: Paecilomyces farinosus (Holm ex. Fr.) Brown et Smith., Paecilomyces fumosoroseus (Wize) Brown et Smith, Metarhizium anisopliae (Metschn.) Sor., Beauveria bassiana (Bals.) Vuill. and Verticillium lecanii Viegas. The strains were obtained from the collection of the Institute of Ecology Polish Academy of Sciences in Dziekanów Leśny. The imagos of C. septempunctata were placed in contact in vitro, directly with pure cultures of individual species of fungi, or with the suspensions of spores prepared from the cultures. In the former case, the control was provided by the contact of beetles with the culture medium prepared according to Saboraud (culture medium for entomopathogenic fungi). In the case of the suspension of spores, the control was provided by the same volume of re-distilled water. The experiments were set up with 6 repeated test involving 20 beetles each. The results were then evaluated by statistical methods. Results of the test insect mortality obtained for individual objects were corrected by the control mortality of the test insects according to Abbot`s formula. The differences were found in susceptibility of the C. septempunctata beetles to the infections caused by different species of entomopathogenic fungi. The direct contact of the beetles with the mycelium of the fungi resulted in higher mortality rate among beetles than that found after the contact with suspension of spores of the corresponding species. Among the species of entomopathogenic fungi, the highest mortality of C. septempunctata beetles was caused by the species M. anisopliae (after 144 hours, the mortality rate corrected for the mortality found in control groups was 96,2% dead beetles in insects exposed to direct contact with mycelium, and 93,9% dead beetles exposed to suspension). The species P. farinosus caused mycoses in beetles only after direct contact. In the experiment where the suspension of spores of P. farinosus was applied, the mortality rate among beetles was lower than in control group. P. fumosoroseus and B. bassiana infected C. septempunctata with similar intensity. The mortality rate corrected after 144 hours of contact with the mycelia of these species was ca. 40%, whereas after the contact with the suspension of spores only 3.5% of beetles died. The species V. lecanii caused medium level of mortality, i.e. ca. 20% of beetles died after contact with the suspension of spores, and 96,2% of beetles died in the experiment involving contact with mycelium. The results of the experiment permit a statement that in the in vitro condition C. septempunctata are susceptible to the infections by entomopathogenic fungi.

Molecular fingerprinting for characterization of micro-organisms

M. Scribano, G. Petesse, S. Coranelli and A. Ragni(, Biotecnologie BT s.r.l. Microbiological characterization unit – GLP. Pantalla di Todi 06050 Perugia – Italy (: aragni.bt@parco3a.org

The Commission Directive 2001/36/CE concerning the placing of plant protection products on the market based on an active substance consisting of micro-organisms including viruses, requires that such micro-organisms or viruses have to be identified and characterized at the strain level.

In this work it has been used AFLP technique in compliance with Good Laboratory Practices for molecular characterization of micro-organisms strains of Bacillus subtilis and Photorhabdus luminescens. DNA has been extracted from the different tested bacterial strains. Restricted fragments of DNA have been obtained through digestion by endonuclease enzymes. Specific DNA fragments are amplified using PCR technique. Additional selective amplification has been done with labelled primers to separate fragments through capillary electrophoresys with ABI PRISM 310 Genetic Analyzer (Applied Biosystems). Electropherograms resulting from DNA fragments of different length show that the tested strains conserve characteristic regions. These regions discriminate the relevant strains from other analogous microbes. AFLP technique is confirmed as an easy and reproducible tool for strain typing.
Comparison of sampling methods of aerosolised Lecanicillium (Verticillium) lecanii conidia in relation to exposure studies 

K.G. Jensen, A.M. Madsen, K.A. Jensen and T.T. Olsen, National Institute of Occupational Health, Lersø Parkalle 105, 2100 Copenhagen Ø, Denmark, E-mail: amm@ami.dk

It is crucial to have valid methods for evaluation of exposure to microbial agents for studying the relationships with potential respiratory health effects or identification of exposure sources. However, there is no standard method for sampling microorganisms making comparison of different studies impossible.

We have compared four different commercial available aerosol samplers using Lecanicillium lecanii as a model fungus. This fungus is entomopathogen and is used as a biocontrol agent in agriculture and thus people are potentially exposed to conidia of this fungus.
L. lecanii spores were aerosolised in a vertical near-laminar flow aerosol steel chamber using a swirling bubble bioaerosol generator. An impinger and three different types of filter cassettes, Millipore-, GSP- and IOM-cassettes, were compared for sampling spores. The total number and the sizes of the aerosolised particles present in the chamber during the sampling periods were measured by an APS (aerodynamic particle sizer). APS measurements showed that the aerodynamic diameter of airborne L. lecanii conidia was ~1.5 (m (1.2-1.9 (m( where all samplers have a high collection efficiency.

Results showed that the four different samplers had the same efficiency in sampling cultivable L. lecanii at any of four different sampling periods. However, the standard deviation was higher for results obtained by the impinger than for results obtained by the filter samplers. Similarly, no significant difference was observed in the cultivability of the spores sampled by the four sampler types. However, again higher variability was observed in samples from the impinger than in samples from the filter cassettes. The higher variation in the impinger data appeared to be due to a high sensitivity in collection efficiency as function of liquid volume.

The study concludes that despite similar performance in collection efficiency and survivability of L. lecanii conidia, the impinger appeared to be the least practical for long-term field studies where samples are collected for more than a couple of hours.
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