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Abstract: For commercial use, entomopathogenic nematodes (Heterorhabditis and Steiner-
nema) are produced in liquid culture. Prior to nematode inoculation, cultures are incubated with
the symbiotic bacteria of the nematodes. Mass production relies on the scaling-up of culture
volumes from flask cultures to volumes of several cubic meters. Stability of beneficial traits is a
prerequisite for production of high quality insect control nematodes. Quality is defined by the
fitness of the nematodes, which is tested in insect bioassays and by storability of the dauer
juveniles, which is influenced by their fat content. Beneficial traits of nematodes are
reproduction potential, longevity of the dauer juveniles, their host seeking ability and infectivity
and tolerance to environmental stress factors. Little is known about the genetic background of
these traits. Classical methods of selective breeding can be applied to enhance tolerance to stress
and increase the reproduction potential. Instability is often caused by phase variation of the
symbiotic bacteria.
Evolution of the frequencies of STIMNPV genotypic variants in artificial populations
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Field resistance to Cydia pomonella granulovirus — a new challenge for research and
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Persistent virus infections in laboratory and field insect populations: fact or myth?
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Abstract: Horizontal transmission of baculoviruses between insects is considered to be the
route by which the pathogen is maintained in susceptible populations in the field. This view is
challenged by recent results, based on molecular analysis of insect genome DNA, which shows
that apparently healthy hosts habour low level persistent infections. These persistent virus
infections may be reactivated to the overt state spontaneously or more reliably by superinfection
with another baculovirus. Persistent baculovirus infections are found in both laboratory-
maintained and fieldcollected populations. For example, all UK-collected populations of the
cabbage moth (Mamestra brassicae) contain a persistent baculovirus, which survives after
extended culture of the insects in the laboratory. Similar results were obtained with cabbage
butterflies or Pieris brassicae. The implications of these results for working with insect viruses,
particularly regarding their use as biocontrol agents are discussed. The prospects for obtaining
virus-free insect populations are also considered.



Regulation of microbial biocontrol agents in Europe — Results of the REBECA Policy

Support Action
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Current data requirements for the environmental and ecotoxicological risk
assessment
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REBECA Proposal on the assessment of microbial metabolites
H. Strasser, M. Typas, C. Altomare, T. M. BUtt .................ccoooviiiiiiiiiiiiiiieeeeeeeeee, 21

Abstract: In April 2007 a proposal on “the Risk Assessment of Metabolites produced by
Microorganisms in Plant Protection Products” was presented by RAFBCA experts (QLK1-CT-
2001-01391) to representatives of the European Commission, EU member states, national and
international organisations (i.e. BPSG, EFSA) and stakeholder groups (e.g. academia, industry,
risk assessors) in order to improve and facilitate the registration procedure for plant protection
products containing microbials as the active ingredient. This proposal was initiated by a
working group in the REBECA Policy Support Action (SSPE-CT-2005-022709). New insights
into risk assessment of metabolites produced by micro-organisms in plant protection products
are given and were discussed in the REBECA work shop “The assessment of metabolites and
environmental risks of microbial biological control agents (MBCASs)”. As a new approach to
assess relevance/significance of metabolites produced by micro-organisms in plant protection
products the authors suggest, that the evaluation of “toxic metabolites” and their residues should
be based on TIER I toxicity tests and information on the biology of the microbial agent.
However, these studies should only be requested when a clear positive result could be detected
with the help of a sensitive test system. Otherwise metabolite and residue data may not be
required and an exemption from the requirement of a tolerance may be recommended for
products intended for use on food feed crops.
The impact of Plant Protection Products (PPPs) on non-target organisms: soil

microbiota

C. Felici, C. Cristani, S. Degl'lnnocenti, M. Nuti (Abstract only) ..........ccccccoeviiiviriiennnnnnn. 27
How to evaluate the environmental safety of microbial pest control products? A

proposal
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Abstract: Micro-organisms used for crop protection are relatively safe when applied as
prescribed. They still require a proper pre-market safety evaluation in view of potential toxicity,
infectivity and pathogenicity. This is of particular importance as crop protection products with
active microorganisms will be increasingly important for sustainable agriculture worldwide.
Regulatory guidance to evaluate the environmental safety of microbial crop protection products
is limited. Therefore we developed a risk decision tree in cooperation with the National Board
for the Authorisation of Pesticides and the Dutch Ministry of Environment.
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Sf29 is a viral factor that could be involved in virion packing within the OBs
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Importance of peroral infection factors (pif and pif-2) in the interactions between
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Reuvisiting the pathology of Junonia coenia densovirus for a potential use as a bio-
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Evaluation of the per os insecticidal activity of baculoviruses by a nebulization

method

M. V. Carrera, J.-L. Zeddam, A. Pollet, X. Léry, M. Lopez-Ferber (Abstract only)......... 40

Abstract: Precise evaluation of the biological activity of Baculoviruses by the usual droplet
method is not appropriate for boring insect larvae that remain on plant surfaces for a limited
time before penetrating the substrate. Alternative systems using surface contamination of the
substrate (Potter tower, immersion) are often expensive and/or difficult to implement and are
not always sufficiently reliable because they produce non homogeneous and non reproducible
results. A new system was developed for evaluating precisely the biological activity of several
granulovirus isolates on potato tuber moths. In this system, the spraying of viral suspensions
was carried out by a Pulmo-Aide Sunrise® Compressor/Nebulizer usually used for the treatment
of pulmonary infections. This system delivered small drops by the Venturi effect. PVC tubes
directed the aerosol to the potato surface where it is deposited homogeneously. The system
worked well in different locations where the atmospheric pressures were significantly different.
To provide an internal control, we used samples of purified viral suspensions at appropriate
dilutions mixed with Coomassie blue. Spectophotometer measurements of the optical density of
the colorant deposited on the surface after nebulization showed that the reproducibility of the
method was always greater than 95 %. This method is reliable, inexpensive and easy to use.

The importance of genetic variability in a natural baculorius population
M. Lopez-Ferber, O. Simdén, T. Williams P. Caballero..................c..cccccccovviviiiiniiinnnnnn. 44
Abstract: Analysis of a natural population of the Spodoptera frugiperda multiple
nucleopolyhedrovirus revealed an important degree of internal genetic diversity. Nine major
genotypes were isolated. Understanding the contribution of each genotype to the global
phenotype (pathogenicity, virulence, yield) of the population is one way to optimise the use of
biological control agents. Comparison of the pathogenicity of the whole population and of each
genotype isolated revealed that no genotype is as pathogenic as the whole virus population.
Combination of two genotypes in precise proportions mimics the population behaviour
concerning pathogenicity. Artificial populations constructed from these two genotypes in non-
optimal proportions evolve towards a single equilibrium that matches the original population.

Developing new baculovirus products or “How to walk a tightrope”
P. Kessler, M. Benuzzi, F. MayoOral .............couuuoiiiiiiiiiiai e 50
Abstract: Baculoviruses are insect pathogenic viruses. Their narrow host range and the lack of
toxicity and pathogenicity towards plants and vertebrates make them a suitable tool for the
biological control of insect pests. The world-wide use of the codling moth granulovirus
demonstrated that products based on baculoviruses can be successfully developed and
commercialised. Based on this experience, new products based on nucleopolyhedroviruses
(NPV) have been recently developed against important key pests such as Helicoverpa armigera,
Spodoptera exigua and Spodoptera littoralis. In a scientific trial on tomato in Italy, the
efficiency rate for HearNPV against H. armigera (HELICOVEX: 7.5 x 1012 NPV/L) reached
almost 90% and was significantly higher than for B.t. (E.r.. 77%) and for Indoxacarb (E.r.:
68%). In Spain, SpexNPV (SPEXIT: 3.8 x 1012 OB/L) has been applied against S. exigua on
sweet pepper. The application of SPEXIT in a 12 days interval resulted in a reduction of the
larval population of almost 88%. At an interval of 6 days, the reduction was even 95% and by
far more effective than by the treatment with B.t. (75%). The application of SpliNPV
(LITTOVIR: 2 x 1012 OB/L) revealed a similar efficacy against Spodoptera littoralis as B.t.
However, the recent requirements for registration of biological control agents are hindering the
commercialisation of new products based on baculoviruses. The costs for the registration
dossiers and fees, as well as the time (years) required for dossier evaluation by the registration
authorities are unreasonable. Therefore, to develop and to bring a new baculovirus product on
the market was and still is a financial risk and a tightrope walk.



Interactions between the ectoparasitoid Euplectrus plathypenae and two nucleopoly-
hedroviruses in Spodoptera exigua and S. frugiperda larvae
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Abstract: Lethal concentration and particle size of a Spodoptera frugiperda
nucleopolyhedrovirus (NPV) was characterized and its compatibility with organic solvents
useful for developing microencapsulation formulation technology was assessed. Lethal
concentrations were established by bioassay and probit analysis. Viral CLso and CLoo were
3.1x106 and 5.0x107 occlusion bodies (OBs) ml-1, respectively. Mean particle size of OBs was
1.7 £ 0.4 um, which is considered adequate for formulation using microencapsulation. Virus
OBs were exposed to 16 organic solvents (Benzene, Chloroform, Xylene, Ethanol, Methanol,
Dimetylsulfoxide, Toluene, Diethylic-ether, Heptane, Propanol, Methylene chloride, Acetone,
Butanol and Hexane). Virus exposed to solvents had no negative effect on the biocontrol
activity.
Effect of parasitism on a nucleopolyhedrovirus amplified in Spodoptera frugiperda
larvae parasitized by Euplectrus plathypenae
J. Cisneros, D. Murioz, T. Williams, P. Caballero (Abstract only)............ccccveeereeereinnns 59
Influence of lepidopteran TCI4.7 transposon on Cydia pomonella granulovirus gene
transcription regulation
W. H. El Menofy, J. A. Jehle (ADStract ONLy) .........c.cuueririiiiiiiiiiiieeee e 60
Molecular and biological characterization of new isolates of Cydia pomonella granulo-
virus (CpGV) from the Iran
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A solution against resistance of French codling moth to CpGV?
M. Berling, M. Lopez-Ferber, A. Bonhomme, B. Sauphanor (Abstract only) ................. 62

Molecular and biological analysis of a new CpGV isolate (112) that breaks CpGV
resistance in codling moth

K. E. Eberle, S. M. Sayed, M. Rezapanah, J. A. Jehle (Abstract only)..........ccccccceveunee 63
Selection of a new virus isolate to control CpGV-resistant codling moth populations
M. Ziiger, F. Bollhalder, P. Kessler, M. Andermatt...............ccccccccoviiiiiiiiiiiiiiniiiniieenne, 64

Abstract: The Cydia pomonella granulovirus (CpGV) is being successfully applied worldwide
not only in organic but also in IP orchards for the control of the codling moth (CM), Cydia
pomonella. Resistance of local CM populations towards CpGV has recently been reported to
occur after intensive spraying over numerous years. In order to overcome this resistance, a new
mixture of genotypes has been selected from the original gene-pool of the commercialised
CpGV-genotypes on a resistant CM population. For the first time it was possible to develop a
new product by selection of a new mixture of genotypes of CpGV, which is able to control
resistant CM populations. Results from laboratory bioassays and field trials are presented. The
method of selecting new genotype mixtures of baculoviruses provides a powerful tool of
developing new active compositions of genotypes that can overcome resistance in the future.
Resistance of codling moth (Cydia pomonella) to granulosis virus (CpGV) in south-
east France: First observations on the mode of inheritance
M. Berling, M. Lopez-Ferber, A. Bonhomme, B. Sauphanor (Abstract only) ................. 67
The use of CpGV and mating disruption against Cydia pomonella (L.) in the organic
apple production
V. Falta, V. Stara, F. KOCOUIEK ............cuieeeeee ettt 68
Abstract: Cydia pomonella granulovirus (CpGV) products (Madex, Carpovirusine) and the
mating disruption method (Isomate C Plus) were tested against codling moth (Cydia pomonella
L.) in field trials in organic apple orchards. The biological efficacy of Madex and Carpovirusine
was 89.1% and 90.6%, respectively. The effect of mating disruption was 91.4% and the
combination of the both methods (CpGV+mating disruption) was 92.5%. Mating disruption



appears to be a perspective complementary method to CpGV in the antiresistant strategy in
codling moth control in organic farming.

Evaluation of the persistence of Adoxophyes orana granulovirus and Cydia pomonella
granulovirus in populations of their hosts by molecular methods
J.K. Kundu J. Stard, T. Zichova, F. KOCOUICK ..ot 72
Abstract: The biological efficacy of the Adoxophyes orana granulovirus (AdorGV) of the
product Capex 2 (Andermatt Biocontrol, Switzerland) and formulated Cydia pomonella
granulovirus (CpGV) (provided by ZD Chelc¢ice, CR) were evaluated for control of A. orana
and C. pomonella, respectively. Larval mortality and fruit damage were evaluated in the year of
virus treatment and in the following years. The reduction of population density of A. orana
ranged from 40 to 80% after the direct treatment with Capex 2. The CpGV treatment was more
effictive in reducing the C. pomonella population density than in reducing fruit injury. The fruit
injury caused by C. pomonella ranged from 1.6 to 28.5% and number of larvae per tree ranged
from 1.8 to 17.1. Polymerase chain reaction (PCR) based techniques were developed for the
detection of AdorGV and CpGYV in survived larvae collected in virus treated plots. Primers were
based on the granulin gene sequence. Results indicate a strong persistence of AdorGV in
surviving larvae after direct treatment causing high mortality of larvae in the next generations.
The population density was reduced below the damage threshold within two years after the
AdorGV virus treatment. CpGV treatment caused high mortality of C. pomonella larvae in the
year of virus treatment. CpGV was found in as many as 15% of the surviving larvae 1 year after
treatment in one location. The virus was not detected in CpGV-treated orchards 2 years after
treatment. In contrast to persistence of AdorGV in A. orana population, poor persistence of
CpGYV in surviving C. pomonella individual was recorded probably resulting in a slow spread in
natural host populations.

Control of lepidopteran pests in orchards by baculoviruses and mating disruption
V. Stara, F. Kocourek, V. Falta (Abstract only).........ccccccccevviiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee 76

Development of a granulovirus based insecticide to control the potato tuber moths,
Tecia solanivora and Phthorimaea operculella
L. F. Villamizar, C. Espinel, E. Grijalba, P. Cuartas, A. Lépez-Avila, A. Cotes............. 77
Abstract: Three native granulovirus isolates, were evaluated over Tecia solanivora and
Phthorimaea operculella in this study. Variables such as cephalic capsule width, viral infection
signs and mortality were tested. Yields of viral particle production were determined for all
native isolates. The highest yields were obtained with P. operculella larvae which showed
significant differences when compared with the results obtained with T. solanivora. Larval
stages time was increased when larvae of T. solanivora and P. operculella were infected with all
virus isolates presenting an overlapping of instars. Characteristic signs as white coloration were
observed. All evaluated granulovirus produced a higher percentage of efficacy over P.
operculella larvae than over T. solanivora larvae. The selected virus isolates were produced by
infecting T. solanivora larvae and two biopesticide formulations were developed; a powder to
pelletize tuber seeds and a granular formulation for field applications. The powder formulation
which is already registered in Colombia was evaluated under storage conditions obtaining
97.7% protection.

Analysis of several Colombian Phthorimaea operculella granulovirus isolated from
Tecia solanivora: Detection of a new variable region in the PhopGV genome
X. Léry, L. Villamizar, C. Espinel, J.-L. Zeddam, A.-M. Cotes, M. Lopez-Ferber
(ADSLIACE ONLY ). 83

Perspectives for the control of insect pests with baculoviruses in vegetable crops in
Tunisia
A. Laarif, E. Salhi, S. Fattouch, N. Zellama, M.H. Ben Hamouda (Abstract only).......... 84



Isolation, identification and biocontrol activity of Colombian isolates of granulovirus
form Tecia solanivora larvae
L. Villamizar, C. Espinel, E. Grijalva, J. Gobmez, A. Cotes, L. Torres, G. Barrera,
X. Léry, J.-L. Zeddam (ADSIract ONLY) ........ooiiiuuriiiiiiiieieeiiiiie e 85
Abstract: Objective of the present work was to create a collection of native granulovirus for
control of Tecia solanivora. Larvae were sampled from Colombian potato production areas.
From 313 individuals analysed by dark field microscopy, 141 were preliminarily found positive
for GV presence. Selected samples were used for viral propagation in order to reproduce the
symptoms and signs of the disease and thus to demonstrate the presence of an infectious agent.
Only 5 samples reproduced the symptoms and signs of granulovirus infection. These were
purified on sucrose gradients and the identity confirmed by granulin identification using gel
electrophoresis and by transmission electron microscopy. Biocontrol activity of formulated and
unformulated native strains and a Peruvian reference granulovirus of Phthorimaea operculella
were evaluated on T. solanivora larvae. Formulation enhanced biocontrol activity of the
Peruvian reference strain and the native granulovirus isolates C0126 and C0404. Significant
differences in mortality were found with unformulated strains ranging between 45% and 100%
control.

Molecular and biological characterization of a novel granulovirus isolate from Phthori-
maea operculella found in Costa Rica
Y. Gémez-Bonilla, X. Léry, D. Mufioz, M. Lépez-Ferber, P. Caballero (Abstract
OMLY ) e 89

Bacteria

New hope for the microbial control of Musca domestica L.
L. Ruiu, A. Satta, D. J. Ellar, 1. FIOIIS .........oeee e 93
Abstract: The housefly, Musca domestica L., is a pest of medical and veterinary importance
because of its nuisance value and as a vector of enteric disease microrganisms. During a
screening programme designed to isolate new entomopathogenic bacteria showing activity
against fly pests, a new strain of Brevibacillus laterosporus (Laubach) was collected in a soil
sample from Sardinia (Italy). Morphological and genetic observations, biomolecular analysis
and bacterial fractionation were carried out to identify and characterize the new B. laterosporus
isolate. Lethal and sub-lethal effects were recorded in laboratory experiments on both adults and
juveniles, and spores were identified as the main source of toxicity.The results of experimental
treatments in cattle farms with a B. laterosporus are promising and stimulate further
experimentation to fully evaluate the potential use of B. laterosporus as a biocontrol agent for
housefly control.

The taxonomic position of the entomopathogenic bacterium Rickettsiella grylli: 16S
rRNA genes and beyond
A. Leclerque, R. G. KICESPIES .........uuuuuuuuuuiiiiiiiiiiiiiiitiiiiiia s 99
Abstract: The genus Rickettsiella of insect pathogenic bacteria has previously been assigned to
the y- proteobacterial order Legionellales, family Coxiellaceae, on the basis of the determination
of a 16S rRNA encoding sequence from a strain of the species Rickettsiella grylli. Subsequently,
conflicting results have been reported with other Rickettsiella pathotypes. Here we have used
the 16S rRNA gene from a second R. grylli strain as well as the deduced sequences for two
proteins, the chaperonin GroEL and the ortholog of a Coxiella burnetii factor triggering capsule
synthesis, MucZ, to check for a corroboration of this taxonomic classification. While our study
lends strong support to the classification at the order level, the assignment to the family
Coxiellaceae appears much less obvious from our results.

Plant-beneficial pseudomonad with insecticidal activity
M. Péchy-Tarr, E. Fischer, M. Maurhofer, J. Grunder, C. Keel (Abstract only)............ 105



Insecticidal activity found in plant-beneficial pseudomonas and in Photorhabdus /

Xenorhabdus

J. Grunder, E. Fischer, M. Péchy-Tarr, M. Maurhofer, C. Keel (Abstract only)............ 106
IS5056, a new Bacillus thuringiensis isolate with entomopathogenic properties

I. Swiecicka, D. K. Bideshi, B. A. Federici (Abstract only) ............ccoeeeieiieiieiii. 107

Development of isolation methods for Bacillus thuringiensis and evaluation of their
ability to inhibit pathogenic bacteria
S. Andrzejczak (ADSIIACt ONLY)......c.uuuiiiiiiiieiiiiiie et e 108
The role of solubilization and proteolytic processing in the mode of action and insect
specificity of Bacillus thuringiensis thompsoni crystal proteins
R. Boncheva, S. Naimov, R. Karlova, R. A. de Maagd (Abstract only)........................ 109
Characterisation of an N terminal Cry1Ac mutant that shows increased toxicity
towards a resistant population of Plutella xylostella (SERD4)
M. Bruce, N. Crickmore, A. Sayyed, J. Ferré (Abstract only)........c..cccceeveiuriveeeeeeeennns 110
Integrated biological control strategy to avoid resistance development of Plutella
xylostella against Bacillus thuringiensis
X.Yi, S. Schroer, R. Han, R.-U. ENIEIS .................ceiiieeiieeeeee e 111
Abstract: The Diamondback Moth (DBM), Plutella xylostella, is a major pest of crucifers
worldwide. The intensive use of insecticides has promoted rapid evolution of resistance, even
against Bacillus thuringiensis (Bt). For resistance management other biocontrol agents were
developed within the EU Diabolo project. The entomopathogenic nematode (EPN) Steinernema
carpocapsae (S.c) strain All and two insect viruses have potential for control of DBM larvae.
S.c infected more than 93.8% of 3.« DBM 48 h after infection with 100 nematodes/larva. The
PxGV (Plutella xylostella Granulosis Virus) caused 44-90% and the AcMNPV (Autographa
californica Multinucleocapsid Nucleopolyhydrosis Virus) caused 46-72% mortality to 2na DBM
after 5 days at 25°C. It was also found that DBM larvae developed slowly. The effect of
combinations of these biocontrol agents with Bt were tested on cabbage leaf disks in the
laboratory and also in field trials in China (Guangdong Province) and Indonesia (Java, Bromo
Mountain). In leaf disk bioassays all combinations of Bt and nematodes showed additive effects.
Synergistic results were exceptional. In field trials alternating application of the biocontrol
agents was superior for control of DBM over a joint application of Bt and EPN. Alternating
applications of Bt, EPN and virus are a measure to manage resistance development of P.
xylostella against Bt.
Study of the mechanism of resistance to Bacillus thuringiensis Cry3A toxin in a
natural population of the leaf beetle, Chrysomela tremulae (Coleoptera:
Chrysomelidae)
M. van Munster, S. Augustin, C. Courtin, D. Bourguet, D. Pauron (Abstract only)...... 117
Efficacy of submultiples doses of Bacillus thuringiensis compounds against Lobesia
botrana (Lepidoptera, Tortricidae)
D.C. Kontodimas, O. Anastasopoulou, M. Anagnou-Veroniki .................................. 118
Abstract: The efficacy of submultiples doses of some Bacillus thuringiensis compounds on the
grape berry moth Lobesia botrana (Denis & Schiffermiiller) (Lepidoptera, Tortricidac) was
investigated in laboratory. The products tested were: Agree WP (B. thuringiensis subsp.
kurstaki/subsp. aizawai), Thuricide WP (B.t. subsp. kurstaki), Xentari WG (B.t. subsp. aizawai),
BMP 123 WP (B.t. encapsulated d-entotoxin). Six trials (and six repetitions in each trial) of
each product were carried out under laboratory conditions (temperature: 26+£1°C, relative
humidity: 60+2% and photoperiod: 16h light / 8h dark). Six solutions (recommended, 1/2, 1/4,
1/8, 1/16 and 1/32 of the recommended dose) of each compound were mixed with the diet of the
pest. The experiment was conducted with second instar larvae. Three days after the treatment,
the mortality of L. botrana larvae in the recommended dose for Agree, Thuricide, Xentari and
BMP was 82, 92, 93 and 54 % respectively, and after seven days 95, 93, 100 and 88 %
respectively. In the lowest dose, three days after the treatment the mortality was 41, 51, 64 and
11% and seven days after 53, 67, 100 and 41%, respectively.



Acaricidal activity of Bacillus thuringiensis toxins against mite pests
R. Zemek, J. Hubert (ADSLIact ONLY) ...uuiiieeieieiiiiiiisie e eee et e e e e e e e e eeeaeaa e 122

The efficiency of some biological insecticides against the Potato Tuber Moth Phthori-
maea operculella (Zeller) (Lepidoptera: Gelechiidae) in organic potatoes in
Cyprus
VAL VESSIIIOU ..ot 123
Abstract: Potato Tuber Moth Phthorimaea operculella (Zeller) is the most destructive pest of
potato Solanum tuberosum L. in Cyprus, both in the field and store. The purpose of this study
was to conduct a comparative evaluation of the efficiency of the biological insecticides M-
Pede® (fatty acids), Thuricide® (Bacillus thuringiensis product), and Neemex (neem seed
extracts). Trials were carried out in the field. Compared to the untreated control, Thuricide
appeared to be the most effective compound with less damaged potato tubers, followed by
Neemex, M-Pede and Neemex with Thuricide mixed. Thuricide and the control showed damage
0f 0.04 £ 0.02 and 0.34 £ 0.02, respectively. A high rate of damage in the untreated control was
observed throughout the trial years, reaching 26.0, 40.3 and 24.4% in 2004, 2005 and 2006,
respectively.

Sublethal effect of Bt-maize in semi-artificial diet on European corn borer larvae,

Ostrinia nubilalis (HUbner, 1796) (Lepidoptera, Crambidae)

L. Cagan, M. Barta ............c.ccccoooiiiiiiee e, 127
Abstract: A laboratory study was conducted to determine the effect of Bt maize (Cry1Ab, event
MON 810) incorporated in a standard semi-artificial diet on larval development and survival of
different European strains of Ostrinia nubilalis. The strains originated from 2 different localities
in Serbia and Slovakia, 1 locality in Germany, Romania and Austria. A simple method was
designed to evaluate Bt maize tissue consuming on development of O. nubilalis larvae in
laboratory conditions. The larvae were reared on semi-artificial diet enriched with powder of Bt
maize leaves. The bioassay demonstrated slower development of larvae on Bt diet and higher
mortality of larvae when compared to individuals reared on non-Bt diet. The range of variation
in larval development and survival was great and indicated a natural variation in Bt
susceptibility among geographically distinct populations of O. nubilalis.

Binding and pore formation of Cyt1Aa and Cry11Aa toxins of Bacillus thuringiensis
israelensis to brush border membrane vesicles of Tipula paludosa (Diptera:
Nematocera)

J. Oestergaard, R.-U. Ehlers, A. C. Martinez-Ramirez, M. D. Real (Abstract
03 11 1) I 131

Susceptibility of Tipula paludosa against Bacillus thuringiensis israelensis, Steiner-
nema carpocapsae and Steinernema feltiae
O. Strauch, J. Oestergaard, R.-U. ERIEIS............cccccuuieiiiiaeeeeieeeeeeeeeeeeeeee e 132
Abstract: Tipula paludosa (Diptera: Nematocera) is the major insect pest in grassland in
Northwest Europe and is an invasive species in North America. Oviposition occurs during late
August and first instars hatch from September until mid-October. Laboratory and field trials
were conducted to assess the control potential of entomopathogenic nematodes (EPN)
(Steinernema carpocapsae and S. feltiae) and Bacillus thuringiensis subsp. israclensis (Bti)
against T. paludosa. Results indicate that the early instars of the insect are most susceptible to
nematodes and Bti. In the field the neonates prevail when temperatures tend to drop below 10°C.
S. carpocapsae, reaching > 80% control, is more effective against young stages of T. paludosa
than S. feltiae (< 50%), but the potential of S. carpocapsae is limited by temperatures below
12°C. Mortality of T. paludosa caused by Bti was not affected by temperature. Even at 4°C
insects were affected but the lethal time increased with decreasing temperatures. Synergistic
effects of Bti and EPN against T. paludosa were observed in 3 out of 10 combinations in
laboratory assays but not in a field trial. The potential of S. carpocapsae was demonstrated in
field trials against early instars in October reaching an efficacy of >80% with 0.5 million
nematodes per m? at soil temperatures ranging between 3° and 18°C. Against early instars in
autumn between 74 and 83% control was achieved with 13 kg/ha Bti of 5,700 International
Toxic Units (ITUs) and 20 kg/ha of 3,000 ITUs. A wheat bran granular formulation with Bti



was superior in efficacy than the sprayed product against L3 stages in an application at the end
of November. 10 kg/ha Bti had no effect when it was sprayed, whereas the same amount of Bti
applied with the granular formulation had a significant efficacy of 68 % (Abbott corrected). The
results indicate that spray applications of Bti and nematodes will only be successful and
economically feasible during the occurrence of early instars. At temperatures above 12°C
entomopathogenic nematodes are an effective alternative to Bti against the first instars of T.
paludosa, although Bti products might be cheaper.
Cellular effects of the Bacillus sphaericus Binary toxin on MDCK cells expressing its

receptor

O. Opota, N. Gauthier, A. Doye, P. Gounon, C. Berry, E. Lemichez, D. Pauron

(ADSIIACE ONLY)..oeiiiiiiii i 136
New molecular phylogeny of Photorhabdus and Xenorhabdus based on a multigene

approach

A. Paule, S. Pagés, C. Laroui, S. P. Stock, P. Tailliez (Abstract only)..............c.cceee.... 137

Identification and typing of Photorhabdus isolates from entomopathogenic nema-
todes in Hungarian soils
T. TOth, T. LAKAtoS, Z. KASKOLE ........oeeeeeeeeeeeeeee e a e e 138
Abstract: Photorhabdus strains from entomopathogenic nematodes isolated from Hungarian
soils were characterized by morphological, physiological and genetic properties to survey the
diversity of bacterial symbionts of Heterorhabditis species of commercial importance.
Entomopathogenic bacteria (EPB) were isolated from 245 entomopathogenic nematode strains
originated from different part of Hungary. There were 156 Photorhabdus and 77 Xenorhabdus
from the successfully cultured 233 EPB isolates. 65 Photorhabdus isolates representing the
whole collection from the point of view of geographical and nematode host distribution were
analysed. Primary form bacterial cells selected on NBTA indicator plates were used to
determine the morphological traits and to perform physiological tests using Biolog GN
microplates and API20E strips. Cytotoxic and antibacterial properties of cellfree culture broth
were measured against Drosophila melanogaster S2 and Spodoptera frugiperda Sf9 cell lines or
Stpahylococcus aureus and Bacillus subtilis bacteria, respectively. Morphologically and
physiologically homogenous groups of Photorhabdus isolates were characterized by partial
sequencing of the gyrB subunit gene. High physiological and morphological diversity was
found among the Photorhabdus isolates and all of physiological and morphological bacteria
types could be isolated both from Heterorhabditis megidis and H. downesi. The possible role of
this diversity is discussed.

Latest progress in the intellectual property in the field of Photorhabdus and Xeno-
rhabdus
AL RAGNE, G FIBK ...ttt 144
Abstract: Photorhabdus and Xenorhabdus produce metabolites which are active against
bacteria and fungi. Substances with nematocidal activity have also been detected in
fermentation broths of both bacteria genera. Strains of Photorhabdus and Xenorhabdus able to
synthesize proteins with insecticidal properties have been selected. Since the encouraging
results obtained by the use of these active metabolites and the recognition of their potential
application in the medical and agricultural fields, several patents have been filed for the use of
strains and their metabolites. Most of the patent applications are related to their insecticidal
toxins and corresponding genes. In addition, there are also intellectual property applications
related to innovative formulations useful to increase the activity of Photorhabdus insecticidal
strains for field application. The importance of patent applications related to the agricultural
field will be presented and their impact on biological control practice will be discussed.

Exploiting the Photorhabdus genome
R. ffrench-Constant, A. Dowling, M. Hares, J. Parkhill, N. Waterfield (Abstract



Photorhabdus and Xenorhabdus: potent secondary metabolite producers
A. O. Brachmann, G. SChwar, H. B. BOQ@...............ccuuiieueiiiiiiieieeeieeeeeeeee e 151
Abstract: The entomopathogenic bacteria Photorhabdus and Xenorhabdus are sources of many
secondary metabolites and over the last 25 years an increasing number of compounds could be
isolated. Many of these compounds show biological activities and have an antibacterial,
antifungal, antinematodal or cytotoxic effect. Moreover there are a few hints that secondary
metabolites are also required for the interaction between bacteria and nematodes. The recently
isolated xenofuranones and anthraquinones are examples of the nearly inexhaustible arsenal of
secondary metabolites from these organsims.

New aspects on Xenorhabdus antibiotic research
A. Fodor, S. Forst, L. Haynes, M. Hevesi,J. Hogan, M. G. Klein, A. Mathe-
Fodor, E. Stackebrandt, A. Szentirmai, F. Sztaricskai, T. Ersek, M. Zeller ................ 157
Abstract: Antibiotics from bacterial symbionts of entomopathogenic nematodes may be used to
control microbial pathogens of agronomic and medical importance. As a part of a systematic
search for potent antibiotics, the taxonomic placement of 4 Xenorhabdus strains was determined
on the basis of 16S rRNA gene sequences and RiboPrint patterns. They are Xenorhabdus
budapestensis, Xenorhabdus ehlersii, Xenorhabdus innexi, and Xenorhabdus szentirmaii. Strong
antimicrobial activity from X. budapestensis, and X. szentirmaii strains were demonstrated on
Gram-positive and Gram-negative mastitis bacterial isolates in repeated tests and on Erwinia
amylovora, the causal agent of fire blight; as well as on Phytophthora nicotianae. The cell-free
media was also effective in repeated phytotron tests. Antibiotics from X. budapestensis have
high thermo-stability, and the effects are cytotoxic. With mastitis pathogens, Klebsiella
pneumoniae was the least susceptible, and Staphylococcus aureus showed the highest sensitivity
to each Xenorhabdus strain tested. Nematophin, a previously reported antibiotic from X.
nematophila was not among the compounds produced by X. budapestensis. The synthetic
racemic nematophin proved ineffective against any bacteria tested. Xenofuranones A and B
have been isolated from cultures of X. szentirmaii. Their structures were elucidated by NMR
and mass spectroscopy. The structure of the water-insoluble, coloured, exocrystal produced by
X. szentirmaii was determined as an antibiotic pigment (iodinin), when in solution, the iodinin is
probably complexed to a polysaccharide, that can be formed from mannitol or adonitol, but not
from D-glucose, D-fructose or glycerol.

Functional genomics of Photorhabdus asymbiotica - rapid virulence annotation
(RVA) of pathogen genomes using invertebrate models
M. Sanchez-Contreras, R. H. ffrench-Constant, N. R. Waterfield (Abstract only)........ 165

Photorhabdus spp. and Xenorhabdus spp: Only feed for mass production of
nematodes?
AL PBIBIS ... 166
Abstract: A huge proportion in the nematode taxon Secernentea rely on bacteria as a food
source. Many species within the Rhabitida, like Caenorhabditis elegans, are opportunistically
feeding on several species of bacteria which live on decaying organic matter. The slug-parastic
nematode Phasmarhabditis hermaphrodita can be found in associations with various bacteria,
while only few associations support good nematode growth and pathogenicity against slugs
(Wilson et al., 1995). The genera Steinernema and Heterorhabditis, however, have entered into
a symbiotic association with specific bacterial symbionts. The symbiosis is obligating for the
nematode but not for the bacteria, which will easily grow in vitro without the nematode
symbiont. This unilateral nutritional symbiosis is the key to the success of these nematodes as
biocontrol agents since it permits the mass production of the bacteria on cheap artificial media
and at the same time ensures the formation of rather specific insecticidal nematodes. Besides the
nutritional function of the symbiotic bacteria, they play an important role in modulating
nematode development in the insect or in the mass production. Experience from mass
production of Steinernema feltiae, S. carpocapsae and H. bacteriophora indicate that the
conditions of the bacteria preculture affect the modulation of the nematodes’ development by
the bacteria.
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Assessing winter survival of Pandora neoaphidis in soil applying bioassay and
molecular approaches
A. Fournier, F. Widmer, S. Keller, J. ENKEIi..................ouueiiiiiuieiieiiieeeeeieeeeeeiee e, 173
Abstract: Pandora neoaphidis (Entomophthorales) is one of the most important fungal
pathogens of aphids and it has a great potential for use in biocontrol. As cultivation of P.
neoaphidis is difficult, conservation biocontrol strategies are favoured. However, little is known
on overwintering strategies of this fungus. It is hypothesized that natural areas may play an
important role for survival and that undisturbed soil may serve as inoculum source for new
populations in spring. To test these hypotheses, we have developed a cultivation-independent
PCR-based diagnostic tool that allowed for detection of P. neoaphidis DNA in top soil samples
collected during winter from a nettle field harboring infected aphids in fall. Results suggested an
overwintering stage of P. neoaphidis in top soil layers. The PCR-based method, however, does
not provide information on viability or virulence of detected P. neoaphidis material. Therefore,
a field study was initiated in summer 2006 which will last until spring 2007. It aims at
investigating winter survival of P. neoaphidis in top soil layers and to test whether P.
neoaphidis material detected with the molecular tool represents infectious fungal material. For
this purpose, molecular analyses of soil samples are accompanied with a bioassay in which
aphids are placed on soil samples and P. neoaphidis infection is monitored, and recorded as
aphid mortality. The experimental layout consists of eight replicated caged plots (0.16 mz2) for
each of four different treatments: 1) paf plots: lucerne plants inoculated with pea aphids and the
fungus P. neoaphidis; 2) pa plots: lucerne plants with aphids but without artificial P. neoaphidis
inoculation; 3) p plots: lucerne plants without aphids and P. neoaphidis; and 4) bs plots: bare
soil, which was covered with a weed barrier fabric. Soil samples were collected at four different
time points in 2006. To date, bioassays and molecular analyses were carried out on soil samples
from paf plots. Our preliminary results indicate a good correlation between bioassay data and
PCR-based data, and suggest a decrease of P. neoaphidis inoculum in soil after winter begins.

Partial purification and characterization of an insecticidal and antifeedant protein
produced by the entomopathogenic fungus Metarhizium anisopliae
A. Ortiz-Urquiza, |. Garrido-Jurado, C. Santiago-Alvarez, E. Quesada-Moraga ........ 178
Abstract: Entomopathogenic fungi (EF) produce some macromolecular compounds that may be
pathogenicity determinants and an unexplored source of new insecticidal compounds of natural
origin. In our screening approach to evaluate production of insecticidal proteins among our
collection of autochthonous strains of EF, we found one M. anisopliae isolate that secretes a
protein with insecticidal and antifeedant properties. The oral toxicity of the crude protein
soluble extract (CPSE) from the shake culture of this isolate in Adamek’s liquid medium was
tested in a diet test against adults of Ceratitis capitata (Wied.) (Diptera: Tephritidae) and with
alfalfa leaf disks against 2" instar Spodoptera littoralis (Lepidoptera; Noctuidae). For both
species, mortality caused by the CPSE progressively increased as a function of protein
concentration and exposure time. The insecticidal activity of the CPSE was significantly
reduced after exposure to protease treatments and its showed high thermostability. The toxic
protein has been completely purified by liquid chromatography.

Factors important for the use of Neozygites floridana in biological control of the two-
spotted spider mite, Tetranychus urticae

I. Klingen, K. Westrum, S. S. Nilsen, N. Trandem, G. Weersted (Abstract only).......... 186
Supplementary data to the biology and taxonomy of fungous strains from mites and

insects

R. Mietkiewski, S. Balazy, C. Tkaczuk, M. Wrzosek (Abstract only).................c.ccee.... 187
Effects of Beauveria bassiana on Ips sexdentatus and on Thanasimus formicarius

B. M. Steinwender, R. Wegensteiner (Abstract Only)...........ccccuuvereeiieeeiniiiiiiiiieeeeeeeenns 188

Horizontal transmission of entomopathogenic fungi between sexes of the Mediterra-
nean fruit fly Ceratitis capitata Wied. (Diptera; Tephritidae)
E. Quesada-Moraga, I. Martin-Carballo, C. Santiago-Alvarez (Abstract only)............. 189



Laboratory evaluation of Beauveria bassiana (Bals.) Vuill. against Ips amitinus
(Coleoptera, Curculionidae)

R. Wegensteiner, J. Weiser (ADSract Only)..........uuueeeiiiiiiiiiiiiiiiiieee e 190
Field application of entomopathogenic fungi against Rhagoletis cerasi
C. Daniel, S. Keller, E. WSS .......u e 191

Abstract: Two myco-insecticides, Naturalis-L (Beauveria bassiana) and PreFeRal®WG
(Paecilomyces fumosoroseus), were applied against adult R. cerasi Loew (Diptera: Tephritidae)
in two orchards in north-western Switzerland in summer 2006. Both products were applied at a
concentration of 5.75x10* CFU/ml. With four applications at seven day intervals the whole
flight period of R. cerasi was fully covered. During this period the relative humidity averaged
66.3% (5" June — 6™ July), the temperature averaged 20.5°C. Under these conditions only
Naturalis-L significantly reduced the number of damaged fruit (efficacy: 69-74%), whereas
damaged fruits were not significantly reduced with PreFeRal (efficacy: 27%). For B. bassiana
living fungal propagules were still detectable seven days after application, while the fungal
propagules of P. fumosoroseus remained only three days. A control of R. cerasi with myco-
insecticides seems possible under field conditions. However, application regime still has to be
improved.

Natural occurrence of entomopathogenic fungi infecting the Red Palm Weevil Rhyn-
chophorus ferrugineus (Olivier, 1790) (Coleoptera, Curculionidae) in Southern
Italy
E. Tarasco, F. Porcelli, M. Poliseno, E. Quesada Moraga, C. Santiago Alvarez,
(@ R I (o [ = T ] TR 195
Abstract: Surveys for natural enemies of the Red Palm Weevil Rhynchophorus ferrugineus
(Olivier, 1790) (Coleoptera, Curculionidae) were conducted in several urban areas and nurseries
of Southern Italy in 2006. More than 350 larvae, pupae and adults of the weevil collected from
25 plants were inspected for natural mortality. Entomopathogenic fungi were found to be a
major factor regulating R. ferrugineus populations, with a natural infected prevalence around
20%. Inside the palm trees presenting infected insects, about 90% of the individuals were found
to be diseased. Two species of entomopathogenic fungi were found, Beauveria bassiana (Bals.)
Vuill., the most common species and Metarhizium anisopliae (Metch.) Sorok. Interestingly,
Paecilomyces sp. was also found to infect phoretic mites on Red Palm Weevil.

Studies on ecological and physiological host range of entomopathogenic Hypho-
mycetes
R. Seskena, V. Petrova, M. Jankevica, L. JANKEVICA .................oeeeieeeiiieeeeiiaaaeennnnnn. 198
Abstract: Researches on entomopathogenic fungi of agricultural pests were carried out in the
Institute of Biology, University of Latvia. Occurrence of entomopathogenic Hyphomycetes and
their host range were studied. Information on identified and isolated entomopathogenic fungi
and their ecological hosts recorded in Latvia since 1957 was summarised. For determination of
ecological host insects with the symptoms of mycoses (reduced movement, changes of color,
cuticle covered with fungal mycelia or conidia) were collected. Common insect pathogenic
Hyphomycetes recorded in Latvia are Beauveria bassiana, Metarhizium anisopliae and
Paecilomyces farinosus. Observations shoved that B. bassiana had a broad host range. 19 hosts
of B. bassiana were recorded. Fungus B. bassiana was associated with different orders of
insects and mites: Coleoptera, Lepidoptera, Hymenoptera, Hemiptera, Diptera, and
Tetranychidae. Laboratory tests showed that B. bassiana isolate are not specific to aphids.
Aspergillus flavus were associated with pest orders: Diptera, Aphididae, Tetranychidae, and
Phytoseiidae.

Sampling and occurrence of entomopathogenic fungi in soil from Cameraria ohridella
(Lepidoptera: Gracillariidae) habitats
E. Prenerova, R. Zemek, F. Weyda, L. Volter (Abstract only) ..........c.uveevieeeereeeinnnnnnnn. 204



Dissemination strategies of the entomopathogenic fungus Lecanicillium muscarium
Zare, Gams 2000 in the host population of Frankliniella occidentalis Pergande
1895
S. Lerche, H. Sermann, C. BUINEI .............c.o.uciieeeiiieeieee e 205
Abstract: The fungus Lecanicillium muscarium syn. Verticillium lecanii can be used to control
populations of the western flower thrips F. occidentalis. In laboratory, semi-field and
greenhouse trials, the infection and mortality of this host population were recorded (Hetsch
2004; Meyer 2007). At the end of the disease process, the fungus grew and sporulated very well
on the cadavers of F. occidentalis. These sporulating cadavers were an effective inoculum
source and therefore a centre of infection for the host population (Lerche 2005). Now, trials
were conducted to describe the possibilities of fungal dissemination and the efficiency in this
host-pathogen-relationship. The results show different possibilities of pathogen dispersal. One
of the most important ways of dissemination is by the behaviour and movement of the hosts.
The dispersal was horizontally within the population, in and between the generations. The
second way of pathogen dispersal by the host was the contamination of the insects’s habitat.
This included the growth of the fungus after death of the host, the sporulation of infectious
stages on casted off exuvia during molting and by the loss of spores during the movement of the
hosts. The physical agent running water also dispersed the pathogen efficient within the host
habitat. The results were discussed.

Preliminary investigations on the occurrence of arthropod fungal pathogens in Austria
C.Tkaczuk, S. Balazy, R.WEgeNnSIEINEr ............ccccuuiiiaaaaaeeeeeeeee e 209
Abstract: The aim of this investigation was to improve our knowledge of fungal pathogens of
insects and mites in Austria and to compare their distribution and density in the soil from
different habitats. Twelve entomophthoralean species from different insects and one species
from mites were identified. Especially interesting is the first record to Austria of Erynia
ovispora, Entomophthora israelensis, Pandora echinospora, Pandora vomitoriae, Zoophthora
opomyzae, Zoophthora petchii and Neozygites floridana, but also two Hyphomycetes species —
Hirsutella kirchneri and H. thompsonii — on eriophyid mites. Three fungal species: Beauveria.
bassiana, Metarhizium. anisopliae and Isaria fumosorosea were isolated by means of selective
medium method from the soil of different habitats in Austria. The total CFU density of
entomopathogenic fungi was 4-times higher in the soil from field afforestations than adjacent
conventionally managed arable fields. CFU of B. bassiana were the most numerous in the soil
from all investigated forest sites.

Efficacy of entomopathogenic fungi in control of different stages of western flower
thrips (Frankliniella occidentalis Pergande)

Z.A. Fiedler, D. SOSNOWSKa (ADSIIact ONLY) .....cceoiiuuiiiiiiiiieeieieiiiiie e 214

The potential of Beauveria brongniartii and botanical insecticide to control
Otiorhynchus sulcatus larvae in potted plants
J. D. Kowalska (ADSIIACt ONLY) ...cceeeurueiiiiieeieieeiiiias e e e e e e eeites e e e e e e e eeeatnn e e e e e e e eeenanneeeeas 215

Efficacy of a Beauveria bassiana (Vuillemin) strain against the Castniid palm borer
Paysandisia archon (Burmeister, 1880) under laboratory and natural conditions
S. Besse-Millet, A. Bonhomme, K. Panchaud ................ccoooueiiiueiiiiiiiiiiiiiiiee e 216
Abstract: Paysandisia archon (Lepidoptera, Castniidae) is native in Argentina and has become
a severe palm trees pest. It was first detected on the French Mediterranean coast in 1999 and
since declared as a quarantine pest. Unfortunately, no chemical control is efficient because of
the insect life cycle and the palms biology. Thanks to the cooperation between two French
companies, i.e. Vegetech and NPP (Natural Plant Protection, a subsidiary of Arysta), and the
support from the city of Hyeéres-les-Palmiers, a strain of the entomopathogenic fungus
Beauveria bassiana has been identified as pathogenic. This strain designated Bb147 is the
active ingredient of Ostrinile, a biocontrol agent registered in France for the control of the
European Corn Borer (ECB). It has been tested under laboratory and natural conditions. In the
lab, eggs and larvae have been inoculated with a spores solution resulting in a 24 % survival in
the egg experiment and 100% mortality 14 days after the inoculation in the larval experiment. A
very good efficacy of Bb147 has been recorded both on 1 to 19 days-old larvae of Paysandisia



archon. The lethal time 50 is less than 6 days. In a second experiment, a dose response has been
observed, still with high larval mortality. A field trial has been carried out on young palms
under artificial infestations of P. archon neonate larvae in insect-proof cages. Bb 147 causes
both, larval mortality and a growth delay in surviving larvae.

Efficacy of entomopathogenic fungi against larvae of the horse chestnut leafminer
Cameraria ohridella Deschka & Dimic, 1986 (Lepidoptera: Gracillariidae)
M. Kalmus, H. Sermann, S. Lerche, C. BUING ... 220
Abstract: Pathogenicity of Lecanicillium muscarium strain V24 (Zare & Gams, 2001) and
Paecilomyces fumosoroseus strain P6 against larvae of the horse-chestnut leafminer Cameraria
ohridella within mines was investigated under laboratory conditions. Aqueous suspensions of
1x107 conidia/ml were sprayed on eggs, deposited on leaves of seedlings with a manual sprayer.
L. muscarium and P. fumosoroseus caused mortality of 98 and 96% on larvae hatching from
contaminated eggs. Mortality of the untreated control was significantly lower (12%). In both
fungal treatments only 4% of all larvae pupated successfully. All cadavers from the treatments
were moulded. In some cases the mycelium grew out of the mines. Additionally, dimensions of
the mines were determined within 21 days past application.

Efficiency of the entomopathogenic fungus Lecanicillium muscarium on hibernating
pupae of Cameraria ohridella Deschka & Dimic, 1986 (Lepidoptera,
Gracillariidae)
D. Richter, H. Sermann, C. Jantsch, B. Jackel, C. BUItNEr.................ccccccceeueeeeeennnnn... 223
Abstract: Pathogenicity of strains of Lecanicillium muscarium, Paecilomyces fumosoroseus,
Metarhizium anisopliae, Beauveria bassiana was investigated under laboratory conditions on
naked pupae and pupae in their pupal cells and in a semi field trial. Aqueous suspensions of 2 x
107 conidia/ml were sprayed in the laboratory with potter towers on the pupae and pupal cells. In
the semi field trial 2,2 x 108 conidia/ml were sprayed with a hand applicator on the leaves on
soil. The naked pupae are susceptible against entomopathogenic fungi. Mortality of naked
pupae occurred earlier in Lecanicillium and Paecilomyces than in Metarhizium and Beauveria.
In the pupal cells fewer pupae died but these pupae were infected by the fungi. L. muscarium
was able to infect 56% of the pupae. In the semi field trial the fungus infected pupae of C.
ohridella in their pupal cells and passed into the next stage of adult. Together the fungus has
reduced the population by approximately 60%.

Susceptibility of Rhagoletis cerasi to entomopathogenic fungi
C. Daniel, S. Keller, E. WSS .......uuuueeeeeee ettt 228
Abstract: The effects of six fungus strains (Deuteromycotina: Hyphomycetes) on the mortality
of different life stages of the European cherry fruit fly, Rhagoletis cerasi Loew (Diptera:
Tephritidae), were assessed in a series of laboratory experiments. All fungus strains were able to
cause mycosis to larvae and adults of R. cerasi. However, virulence varied considerably among
the strains. Effects on L3-larvae were negligible. In contrary, adults were highly susceptible to
fungus infection. Beauveria bassiana and Paecilomyces fumosoroseus caused 90 to 100%
mortality and had a strong influence on fecundity. Metarhizium anisopliae also showed reliable
effects. The pathogenicity of Paecilomyces farinosus was low. Higher conidia concentrations
lead to higher mortality, whereas B. bassiana was most efficient at low concentrations. Young
flies showed lower mortality rates than older flies but, sub-lethal effects on eclosion rate off
eggs were greater in young than in older flies.

Influence of plant species and pests on the development of pathogenic fungus
Paecilomyces lilacinus in soil conditions

D. SOSNOWSKA (ADSLIACt ONLY)...ciiiiiiiiiiiiiieee ettt e e e e e e e e e 234
Exposure of greenhouse workers to fungal biocontrol agents in vegetable production
V. M. Hansen, A. M. Madsen, N. V. Meyling, J. Eilenberg ..........ccccccccceeiieiiiiienninnnnnn.. 235

Abstract: In workplaces such as greenhouses, fungal spores are introduced into the
environment to control plant pests and plant pathogens. Exposure of the airways to bioaerosols
can cause irritation and respiratory symptoms including asthma. So far the exposure of growers
to inhalable fungal spores is not well investigated and we do not have the data needed to assess
the effect of adding additional spores, for example from microbial biocontrol products, to the



working environment. In this newly initiated project, we aim to monitor the levels of naturally
occurring bioaerosols as well as introduced organisms in greenhouses and open fields. We use
GSP samplers for air sampling and quantify microorganisms in the collected material with a
modified CAMNEA method. We will also quantify fungal biochemicals in the samples. Here,
we present and discuss the preliminary results from the first working environments visited.

The impact of soil treatment on soil mycobiota
M. Kirchmair, S. Neuhauser, L. Huber, H. StraSSer............ouuuuueiiiuiiiiiiiiiiiiiiiiieeeeeeeenn, 239
Abstract: The changes in the composition of cultivable soil fungi after soil treatment with Agro
Biosole — an organic fertiliser based on fungal biomass — and the entomopathogenic fungus
Metarhizium anisopliae var. anisopliae, used to control soil dwelling insect pests, were assessed
by palting soil suspensions onto potato dextrose agar dishes. After one week incubation fungal
colonies were counted and determined to genus level. For statistical analyses the twenty most
common genera were pooled to six groups according their ecological characteristics: (i)
saprobes of poor soils (Acremonium spp., Aspergillus spp., Mortierella spp., Penicillium spp),
(i) litter decomposers (Alternaria spp., Cladosporium spp, Stachybotrys spp., Phoma spp.,
Ulocladium spp.), (iii) Mucorales (Zygomycetes) as indicators of high organic fractions
(Absidia spp., Cunninghamella spp., Mucor spp., Rhizopus spp.), (iv) mycoparasites
(Gliocladium spp., Trichoderma spp.), (v) entomopathogens (Beauveria spp., Metarhizium spp.,
Paecilomyces spp.), and (vi) phytopathogens (Cylindrocarpon spp., Fusarium spp.). A positive
influence of Agro Biosole on mycoparasitic fungi could be observed by a canonical
correspondence analysis. No influence on saprobes and plant pathogens could be found. The
influence of M. anisopliae on soil fungi was mainly restricted to entomopathogens: Their
density in soil increased (as desired) whereas the abundances of the other ecological groups
were hardly affected. The method is sensitive for the assessment of fungal communities in soil
and will be used in future studies to estimate the influence of different soil management
strategies on soil fungi.

Antagonists of the spruce bark beetle Ips typographus L. (Coleoptera: Scolytidae) of
German and Georgian populations
M. Burjanadze, J. C. Moser, G. Zimmermann, R. G. Kleespies................................. 245
Abstract: The bark beetle, Ips typographus (Coleoptera: Scolytidae), is one of the most
important pest insects in coniferous forests of Georgia as well as of Germany. In the last years,
numerous investigations were focused on the pathogen complex of bark beetles and its
possibility to impact on insect population dynamics. For our investigations, living adult I.
typographus were collected from pheromone traps of two locations of Georgia (Borjomi gorge-
Libani, district 16; Tsagveri, district 9; and Racha, Shovi) in summer of 2003-2004, and of three
locations in Germany (forest districts of Hessen: Reinhardshagen with four areas, Darmstadt
with four areas; forest district of Bavaria: National Park Bavarian Forest, Frauenau, with five
areas) in summer 2005. The beetles were removed daily, determined, dissected and checked for
infections with pathogens with the light microscope. The following antagonistic groups were
investigated: Protozoa, fungi, mites and nematodes. In Georgian bark beetle populations, the
entomopathogenic fungus Beauveria bassiana, the phoretic mites Dendrolaelaps quadrisetus,
Macrocheles sp. (no. 48138), Lasioseius penicilliger, and Trichouropoda polytricha,
Histiogaster ornatus, Dendrolaelaps apophyseus, Ereynetes propescutulis, and the nematodes
Contortylenchus sp., Parasitorhabditis sp., and Bursaphelenchus sp. were found. In German
populations of . typographus, the microsporidium Chytridiopsis typographi, the fungi
Beauveria brongniartii, B. bassiana, and Fusarium sp., and ten species of phoretic mites
(Dendrolaelaps quadrisetus, Proctolaelaps fiseri, Macrocheles sp. (no. 48249), Lasioseius
penicilliger, Pleuronectocelaeno barbara, Histiostoma piceae, Uroobovella ipidis,
Trichouropoda polytricha, Trichouropoda sp. (no. 23936), Tarsonemus minimax) were
identified. Furthermore, several undetermined nematodes were observed.

The challenge of controlling multispecies white grub associations
S. Keller, Y. Dhoj G.C., C. SCAWEIZEN ..........cccoeeeeiiie i 251
Abstract: White grubs (Scarabaeidae, Coleoptera) are important soil pest insects worldwide. In
Central Europe only a limited number of species is present and damages are normally caused by



a single species. The presence of more than one damaging species is rare but seems to increase.
In Nepal and probably elsewhere, a high species diversity exist and damages are usually done
by multispecies associations. Most common pathogens of white grubs are fungi, especially
Metarhizium anisopliae, Beauveria bassiana and B. brongniartii. Most white grub species are
susceptible to M. anisopliae, but only a few ones like Melolontha spp. can be controlled with B.
brongniartii. Therefore, the control of species complexes containing Melolontha sp. needs
treatments with both fungi. Separate applications of M. anisopliae and B. brongniartii and a
mixed application of these two fungi were done in Switzerland.
The results in respect to fungus development in the soils as well as to control efficacy were not
consistent. There are indications that a fungus can inhibit the other one but there seems to be no
generalised mutual inhibition of the two fungi. Consequently, good Melolontha control was also
achieved in plots treated with both fungi. Probably soil characteristics and host densities
influence the fungus development. The situation in Nepal is different. All white grub species
tested so far are susceptible to M. anisopliae. The question that needs to be answered is: Can all
damaging species of white grubs be controlled with the same isolate irrespective of their life
cycles, the soil types and other environmental conditions?

Sublethal effects of Nomuraea rileyi on development of Spodoptera frugiperda
(Lepidoptera: Noctuidae)
C. ESPINEI, A. COUES ..ottt e et a e e e 257
Abstract: Nomuraea rileyi represents a promising biocontrol agent of fall armyworm
Spodoptera frugiperda. Based upon a native strain Nm0O05, a biopesticide prototype, which
produced mortality under laboratory conditions of S. frugiperda upper 90%, has been developed.
Taking into account the importance of studying pathogen-insect interactions as a crucial factor
for optimization of biopesticides, the objective of this study was to evaluate sublethal effects of
N. rileyi NmO005 over biological parameters of S. frugiperda immature stages and adults.
NmOO05 was applied to eggs and second and fifth instar larvae in a lethal concentration 30 (LCso),
(2.4 x 103 conidia ml-1) to determine the effect through a generation. Larval mortality, longevity
and weight of pupae were evaluated. Surviving adults were mated and the fecundity and fertility
were determined. The same parameters were registered in the next generation and each
developmental stage was compared with a control. Second instar larvae were the most
susceptible to LCso of N. rileyi, with 36.3% mortality, compared to treatments of eggs or fifth
instar larvae, with 17.9% and 13.2%, respectively. A sublethal effect was evident in fertility of
surviving adults when second instars had been treated with the fungus (50.5% fertility) in
comparison when eggs and fifth larvae instar had been treated (80.6% and 83.4%, respectively).
Sublethal effects were evident in adults of the second generation obtained after treatment of
eggs and second instar.

Nematodes

Isolation and characterization of new populations of entomopathogenic nematodes

from Israel

N. Mikaia, L. Salame, C. Chkhubianishvili, |. Glazer (Abstract only) ...........ccccceeeernnnnn. 263
A new steinernematid epn from Sardinia island (ltaly)

E. Tarasco, Z. Mracek, K. B. Nguyen, O. TrQQIani ............cccccceeeeeieaiiaaiiaaaaiaaaaaannns 264

Abstract: A new Steinernema species was isolated from three different sandy soil samples
along the Platamona Beach, in the north-west coast of Sardinia island (Italy). This new species
is characterised by the following morphological characters: infective third-stage juvenile with a
body length of 866 + 66 (767-969) um, distance from head to excretory pore of 63 2.7 (59-68)
um, tail length of 81 + 3.2 (76-89) um, ratio E (%) 77 + 3.4 (68-83); male tail with a mucron
only in the second generation, spicule length of 66 £ 1.4 (64-67) um and gubernaculum length
of 44 £ 1.4 (43-46) um in the first generation male; female of first generation with a slight
vulval protruding and ratio D (%) of 50 + 8.6 (29-65). The new species differs distinctly from
the related species (S. feltiae, S. kraussei, S. litorale, S. oregonense) in some morphometric
values and the analyses of the internal transcribed spacer (ITS) and D2D3 regions. The new



species is close to S. feltiae, S. weiseri and S. litorale based on the sequence of the ITS region.
For the D2D3 region, it is close to S. feltiae, S. oregonense and S. kraussei. Sequences of D2D3
of other species are not available for the studies. Cross hybridisation tests with S. feltiae, S.
litorale, S. weiseri and S. oregonense showed that these species were reproductively isolated.
First record of entomopathogenic nematodes in Slovenia and perspectives of their use
Z. Laznik, T. TOth, T. LAKatoS, S. TIUAN ...c..eeoeeeeeeeeeeeeeeeeeeeeeeee e eees e 267
Abstract: Steinernema affine was recorded from an arable field, located near the village Staro
selo, which had been cultured with cabbage the year prior to isolation of the strain. Future work
can now test this nematode in outdorr field experiments against major cabbage pest insects.
Cole crops are of major importance for Slovenian agriculture.
Entomopathogenic nematodes from biological agriculture and identification of their
symbiotic bacteria
N. Pionnier, S. Pagés, E. Filleron, S. Pinczon Du Sel, J. Lambion, L. Romet, P.
TaillieZ (ADSIIACE ONLY) ...t e e 269
Association of Phasmarhabditis species with terrestrial molluscs
J. Ross, G. Nicol, S. Spiridonov, E. Ivanova, S. Haukeland, M. Wilson (Abstract
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Synergistic interaction between Steinernema feltiae and Paecilomyces fumoso-

roseus?
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Abstract: The fungus Paecilomyces fumosoroseus was isolated from the control plots in our
experiments with Steinernema feltiae in an oilseed rape field (OSR), where it showed similar
potential as S. feltiae in the control of OSR pests. The study focused on determining the
susceptibility of Meligethes aeneus larvae to P. fumosoroseus, the compatibility of P.
fumosoroseus and S. feltiae, and determining the kind of interactions between them. Field
collected M. aeneus larvae were exposed to commercially produced S. feltiae, indigenous P.
fumosoroseus and the simultaneous combination of these two. In the first experiment, M. aeneus
larvae were placed into Petri dishes filled with sand, while in the second experiment larvae were
placed into Petri dishes containing OSR flowers. In the flower medium P. fumosoroseus, S.
feltiae and their combination significantly affected mortality of M. aeneus. In the combined
treatment, mortality started to occur already on the first day when it reached maximum, and
showed synergistic effect. Cumulative mortality of the combined treatment was significantly
different on first, second and forth day than with either agent alone. In the sand medium, P.
fumosoroseus, S. feltiae and their combination significantly affected mortality of M. aeneus
larvae. S. feltiae-P. fumosoroseus combination had an additive effect on the third and fourth day.
Cumulative mortality of the S. feltiae-P. fumosoroseus combination was significantly different
on the fourth and fifth day than with either agent alone. The study showed that combination
increases the speed of kill in both media.
Scavenging behaviour in some entomopathogenic nematode species

E. San-Blas, S. R. Gowen (Abstract only) ........ccooiiiiiiiiiiiiii e 277
Phoresy In Entomopathogenic Nematodes - a Mode of Dispersal?

L. M. Kruitbos, S. Heritage, M. J. Wilson (Abstract only)............ccccooeeiiiiii . 278
Effects of in host desiccation stress on development and infectivity of Steinernema

websteri

D. Easterhoff, A. Marion, R. Reinke, S. Bornstein-Forst (Abstract only)...................... 279

An autochthonous strain of Steinernema feltiae against Mediterranean flatheaded
rootborer, Capnodis tenebrionis (Coleoptera, Buprestidae): Field experiments
A. Morton, F. Garcia del Pino (AbStract ONly) .........coouiiiuiiiiiiiiieiiiiiiiiieee e 280
Entomopathogenic nematodes for control of codling moth: efficacy assessment
under laboratory and field conditions
S. Mouton, D. Juan, P. COUIDMD .........coeeeeeeeeeeeeeeeeee et 281
Abstract: Strategies to reduce codling moth populations in organic orchards may become
inefficient in the close future as resistance has recently been observed against the granulosis
virus, the major control strategy in organic farmering. Entomopathogenic nematodes (EPN)



have shown interesting results as biological control agents and could be a way to reduce codling
moth populations. The efficacy of two EPN species (Steinernema feltiae and Steinernema
carpocapsae) was evaluated using different exposure methods, against various life stages of the
codling moth under laboratory and field conditions. Nematodes can reach the fifth instar
diapausing larvae in the ground within their cryptic habitats which currently provide them
protection from extreme environmental conditions. The susceptibility of fifth-instar codling
moth larvae was assessed under laboratory conditions using cocooned larvae within cardboard
strips. The codling moth is significantly more susceptible to S.carpocapsae than to S.feltiae. The
LC,, values for S.feltiae and S.carpocapsae were 78.8 and 3.5 infective juveniles/cm?

respectively. A field trial was also conducted in an apple orchard. EPN were applied on the soil,
against cocooned larvae within cardboard strips in the ground. A test on neonate larvae was
carried out to assess the potential efficacy of foliage spraying of nematodes, using two different
exposure substrates. Even with a short time exposure, first-instar larvac may be more
susceptible to nematodes than fifth instar diapausing larvae. Neonate larvae were exposed to
EPN on wheat germ-starch artificial diet, and on young apples soaked in nematode solutions
under laboratory conditions. The results will define the optimal conditions to use nematodes in
codling moth control strategies: target pest stages, nematode species and concentration.

Effectiveness of entomopathogenic nematodes in the control of Cydia pomonella
overwintering larvae in Northern ltaly
A. Reggiani, G. Curto, S. Vergnani, S. Caruso, M. BoOSelli.............cccccceeeeiiiiiiiiiinnnnnnns 287
Abstract: Research on the effectiveness of entomopathogenic nematodes (EPN) in the control
of codling moth (Cydia pomonella) overwintering larvae have been performed in some pear
orchards of Emilia-Romagna, Northern Italy. The evaluation of Steinernema carpocapsae and
Steinernema feltiae activity in the larval control was checked after EPN foliar applications. The
treatments were applied either in autumn (2004-2005) or in spring (2005-2006) before the
codling moth pupation at optimal temperature (>12-14 °C) and after or during a rainfall or an
irrigation. EPNs were applied at doses of 1.3 x 10°1J ha'!, 1.7 x 10°1J ha'!, 2.5 x 10°1J ha! and
1.25 x 10°1J ha''.The larval mortality was assessed on sentinel larvae placed on band traps of
corrugated cardboards tied to the trunks (autumnal and spring trials) and indirectly on the eggs
laid by the females of the first codling moth generation (2006 spring trial).

Foliar application of EPNs to control Xantogaleruca luteola Miller (Coleoptera,
Chrysomelidae)
O. Triggiani, E. TAraSCO..........cccuuuuiiiiii ettt 294
Abstract: Xanthogaleruca luteola Miiller (Coleoptera, Chrysomelidae) is widely spread in
Europe and North America and it is a dangerous pest of elm-trees. In Italy the elm-trees are
often located in urban areas so the potential of 3 entomoparasitic nematodes (EPNs; 2 Italian
strains of Steinernema carpocapsae and S. feltiae and 1 commercial strain of Heterorhabditis
bacteriophora), was evaluated through field experiments for control of X. luteola. During the
first 2 weeks of June 2006, S. carpocapsae (ItS-MR7), S. feltiae (1tS-CL2) and H.
bacteriophora (Nematope) in gel suspensions (with Idrosorb SR 200 and Xanthan gum) were
sprayed on leaves and small branches heavily infested by X. luteola larvae in a periurban park of
Bari city (Apulia Region, South Italy). The efficiency of these EPNs was then evaluated after 3
and 5 days. S. carpocapsae in Idrosorb + Xanthan gum controlled 67% of the larvae after 5 days,
producing significantly greater larval mortality than S. feltiae and H. bacteriophora.

Cultivation conditions of biocomplexes applicable to control Melolontha melolontha
C. Sisak, Z. Kasko6ts, T. TOth, T. LAGKATOS............ceueeeeeeeeeeeieeeeeeee e 297
Abstract: Recently several nematode/bacterium complexes have been isolated in Hungary with
potential to grubs of the European cockchafer (Melolontha melolontha). The cultivation of one
of the most promising biocomplexes, Heterorhabditis downesi 267’ + Photorhabdus temperata
in liquid medium can be considered to be effective if the concentration of the dauer juveniles
achieves 10,000/ml. A prerequisite for the elaboration of suitable conditions for cultivation is
the development of optimal process conditions (aeration at low shear stress, medium
composition, etc.) and to avoid the occurrence of phase variants of the bacterium symbiont.



Cultivation experiments with P. temperata were performed first in shake flasks, in LB and TSY
medium at 20-22°C. The aeration rate required by the cells during the logarithmic growth period
was about 0.6-0.7 vvm. Applying a 5 litre mechanically stirred fermenter equipped with draft-
tube for bacterium growth studies, a special fedbatch technique has been elaborated. Cell
numbers of the primary phase variant were sustained at high numbers over a period of 19 days.
Medium optimization studies exchanged several protein components of LCM for lipid
components and obtained considerably higher numbers of dauer juveniles and hermaphrodites.
Rape seed oil was the most suitable lipid component. In the best medium, the initial nematode
dauer juvenile number (1,000/ml) increased to 120,000/ml within 12 days. At present, scale-up
studies of the biocomplex are in progress in column bioreactors of different type.

Recovery of Steinernema carpocapsae and Steinernema feltiae in liquid culture
YN o = Lo o O R = ] 1= - 301
Abstract: The development from infective Dauer juvenile (DJ) to third stage juvenile, so called
“recovery”, occurs at almost 100% when DJs infect a living insect. In contrast, recovery is much
lower, when DJs are inoculated in liquid culture media, in which the symbiotic bacteria were
preincubated.
For the purpose of obtaining an increase in recovery in liquid culture, recovery inducing factor
for S. carpocapsae and S. feltiae was investigated. The influence of penetration behavior on
recovery was checked. DJs injected into G. mellonella or inoculated into sand containing the
insect recovered at almost 100%. The penetration activity is excluded to influence recovery of S.
carpocapsae and S. feltiae. The high recovery in insects might to be due to a food signal present
in the serum of G. mellonella. Inoculation of DJs in purified and antibiotics-treated serum was
investigated. Whereas in vivo recovery of S. carpocapsae reached 100%, only 40% of S. feltiae
recovered in sterilize serum. Whereas a food signal triggering recovery of S. carpocapsae is
found in the serum, the composition of the G. mellonella serum seems suboptimal for recovery
of S. feltiae. The influence of the density of the symbiotic bacteria, X. nematophila and X.
bovienii (isolated from S. carpocapsae and S. feltiae, respectively) was investigated. The
bacteria were proliferated in liquid medium for 36 and 48 hours. Then DJs at a density of 1,000
DJs/ml were inoculated at bacterial densities of 108, 10° and 100 cells/ml. Recovery of S.
carpocapsae was checked every two hours until 12 h post inoculation (hpi) and S. feltiae every
two hours between 4 and 10 hpi. Comparing recovery at different bacterial densities, recovery
of both nematodes increased with increasing bacterial density. However, the recovery of S.
feltiae was delayed and lower compared to results obtained with S. carpocapsae. Culture
supernatant of both bacterial symbionts contained food signal, however, the recovery was
significantly higher when bacterial cells were present.

Differential gene expression of recovery in Heterhorabditis bacteriophora
A. Moshayov, H. Koltai, |. Glazer (Abstract 0nly)..........c.cuueveeiieiiiiiiiiiiiieeee e 307

Expression of different desiccation tolerance related genes in various species of
entomopathogenic nematodes
V. S. Somvanshi, H. Koltai, I. Glazer (Abstract only)..........c.ccceveevieiiiiiiieiiiieeieeieeeeeeennee, 308

Genetic improvement of beneficial traits mixed population of Steinernema feltiae for
enhancement of persistence and efficacy
M. Chubinishvili, L. Salame, C. Chkhubianishvili, |. Glazer (Abstract only)................. 309

Soil insect pests and miscellaneous

When should we use biocontrol agents against leatherjackets (Tipula paludosa Meig.)
RP.BIQCKSRAW ........ccoiiiiiiieeee ettt ettt e e ettt e e e e e e e 313
Abstract: Recent work has demonstrated that biological control agents directed against the
larvae of Tipula paludosa (leatherjackets) are more effective if applied against early instars in
October rather than later instars in the late winter/early spring. In this paper simulation
modelling is used to identify potential strategies for the deployment of biocontrol agents against
leatherjackets in continuous grass, and in grass/arable rotations. It is concluded that the optimal
prophylactic strategy in continuous grass lies between annual and biannual application



frequencies, and that application in the autumn preceding cultivation for a spring crop
suppresses populations better than applications earlier in the rotation. A decision tool based on
economic thresholds is presented for grass/arable rotations. The results are discussed and it is
concluded that development of a robust monitoring system is necessary if recommendations
other than prophylactic applications are to be made.

Biocontrol of Capnodis tenebrionis (L.) (Col., Buprestidae) with entomopathogenic
fungi
P. Marannino, C. Santiago Alvarez, E. de Lillo, E. Tarasco, O. Triggiani, E.
QUESAAA MOFAQA..........ccceceeee et 319
Abstract: A study was carried out at ETSIAM to investigate the potential of Beauveria
bassiana (Bals.) Vuill. and Metarhizium anisopliae (Metsch.) Sorok. for the control of the peach
root-borer, Capnodis tenebrionis (L.), a major threat to stone-fruit orchards in several
Mediterranean countries. The pathogenicity of 4 B. bassiana and 4 M. anisopliae isolates (from
ETSIAM collection) against C. tenebrionis neonate larvae was assessed under endophytic
conditions. Mortality rates varied from 23.5 to 100%, 10 days after inoculation by dipping in a
suspension with 108 conidia/ml. The most virulent isolate, M. anisopliae EAMa 01/58-Su, was
used as spore suspension (109, 107, 108 conidia/ml) for soil application on Prunus myrobalana
Lois. potted seedlings 2 days before infesting them with C. tenebrionis neonates. The treatment
caused a significant mortality (83.3 to 91.6%) on the larvae recovered from the roots 4 weeks
later. No significant difference was detected among the doses. The susceptibility of C.
tenebrionis adults to EAMa 01/58-Su was also assessed and a significant mortality (86.7%) was
ascertained after immersion in a spore suspension (10% conidia/ml). No significant difference
was pointed out between male and female mortalities. The effectiveness of the selected M.
anisopliae isolate was proved also using non-woven fiber bands impregnated with conidia.
Mortality of beetles that crossed the band varied from 85.7 to 100%. No significant correlation
was found between time needed to cross the band and survival times. Our results demonstrate
that EAMa 01/58- Su is suitable to target successfully both peach-borer stages.

Infectivity of Steinernema feltiae and Heterorhabditis bacteriophora towards first and
second stage larvae of the forest cockchafer, Melolontha hippocastani
K. JUNG, A. PeLers, J. POIZ.......ccooooeeiiiiieeeeeeee et 327
Abstract: At high population densities, the forest cockchafer, Melolontha hippocastani is a
serious pest insect causing death to trees and seedlings. In the southern Rhine valley of
Germany, a new gradation of M. hippocastani has built up since the 1980s. Despite considerable
results on the control of grubs with entomopathogenic nematodes (EPN), so far no nematode
was identified, which efficiently infect Melolontha spp. We herein report on laboratory assays
with H. bacteriophora and S. feltiae, both alone, in combination with one another and with B.
brongniartii against the 1stand 2" instar larvae of M. hippocastani. First instar larvae did not
seem to be more susceptible than second instar larvae. None of the nematode, alone or in
combination caused high mortality, with H. bacteriophora being a little better than S. feltiae (28
compared to 4 % at 500.000 1J’s/m?). In conclusion, the nematodes currently available on the
German market cannot reach control reported for B. brongniartii (BIPESCO1; 60 % at 1x10'0
conidia/mz).

Susceptibility of soil-dwelling developmental stages of rose-infesting sawflies to
entomopathogenic nematodes
M.Tomalak (ADSract ON1Y) .....cceeiiiiiiieiiei e 331

Field results on the use of Heterorhabditis bacteriophora against the invasive maize
pest Diabrotica virgifera virgifera
R.-U. Ehlers, U. KuhImann, S. TOEPIEr ............ceeiieeiiieeiiieie e 332
Abstract: The western corn rootworm (CRW) (Diabrotica virgifera virgifera LeConte,
Coleoptera: Chrysomelidae) is an invasive alien pest of maize (Zea mays L) in Europe. The
three larval instars feed on maize roots and cause the major damage. Chemical control measures
usually reduce the root damage by one unit on the Iowa root rating scale. Among several
different nematode species tested in the laboratory, Heterorhabditis bacteriophora (Nematoda:
Rhabditida) was selected as the most efficient species against larvae of the CRW and was



further tested as a biological control product for inundative releases against D. v. virgifera
larvae. The control efficacy of H. bacteriophora was studied in eight maize fields in southern
Hungary between 2004 and 2006. Nematodes were either applied in May during sowing of the
maize with the precision seed drill machine or in June when plants were >30 cm high and larvae
had hatched with conventional spraying equipment. In May nematodes were applied in liquid or
powder into the soil in the row where the seed was deposited. After application the machine
covered nematodes and seeds with soil. Application in June was in liquid by solid stream
application along both sides of the plant or over the complete field with flat fan nozzles.
Damage and number of emerging adults per plant was assessed in July. In untreated control
plots, 23% of plants surpassed the economic root damage (lowa root rating index >3). In treated
plots the percentage of plants with economic damage was between 5.6 and 8.6%. The nematode
treatment reduced the mean total root damage by 70 %. The mean number of adults per plant
was 1.7 in the control plots and 0.3 in plots applied with nematodes in liquid in May (81%
reduction). The June application was often less effective than the applications in May and
application into the soil (May) or solid stream application (June) were more successful than
coverage of the whole field with flat fan nozzles.
Pest status of Tecia solanivora (Povolny 1973) (Lepidoptera: Gelechiidae), Guate-
malan Potato Moth, in the Canary Islands
A. Carnero, A. Padilla, S. Perera, E. Hernandez, E. Trujillo................ccccceeeieiiiiinnnnnn. 336
Abstract: First reports of potato damage by Tecia solanivora in the Canary Islands date back to
1991, in Tenerife. Although continental Europe is currently free of T. solanivora, it is an
important quarantine pest elsewhere, and its spread to other islands posed a serious threat to the
local staple potato crop. Initial presence was established by placing pheromone traps in several
field localities and in wholesale seed-potato warehouses throughout Tenerife. December 2006
data showed that the entire northern side of the island is affected, while infestations in the south
are restricted to the Giiimar Valley area (Giiimar, Fasnia and Arico counties). Its presence on
the islands of Gomera, Grand Canary and La Palma is also reported.
Development of microsatellite markers for the assessment of population structure of
the European cockchafer Melolontha melolontha
J. Enkerli, A. Gisler, R. Kblliker, F. Widmer (Abstract only) ..........cccccoevviiiiiiieeeeeeeennnnns 340
Protozoa, fungi and nematodes in Gastrophysa viridula (Coleoptera, Chrysomelidae)
from Austria and Poland
R. Wegensteiner, C. Tkaczuk, S. Balazy, H. Kaiser (Abstract only)............................ 341
Occurrence of protozoan pathogens in Hylobius abietis L. (Col., Curculionidae) from
Austria, Poland and Sweden
S. Griesser, R. Wegensteiner (AbStract Only) ...........cccouuiiiiuuiiiiiiieeeeeiiiiiieiee e 342
Bioassays with entomopathogenic organisms on adult Cosmopolites sordidus
(Germar, 1824) (Coleoptera: Curculionidae)
A. Padilla Cubas, A. Carnero Hernandez, L. V. Lépez-Llorca, F. Garcia del
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Biological control of Thrips tabaci in the field — possibilities and practical limits
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Abstract: Field trials against Thrips tabaci, an economically important pest insect, were
conducted in 2003 at four different sites in Germany. The effect of the combined use of
entomopathogenic nematodes and fungi on thrips should be investigated, in comparison to the
effect of either pathogen alone. Commercially available products, Mycotal® (Koppert NL),
PreFeRal® (Biobest BE), Naturalis L® (Intrachem IT), Nemaplus® and Nemagreen® (both E-
Nema DE), were used. The trials were performed in onion, leek and chives, according to the
EPPO guideline PP 1/85(3). Perfekthion® was used as chemical standard in onion. In leek,
Spruzit® and Neudosan® were applied alternately. No chemical standard was applied in chives.
The biocontrol products were applied either alone or in a mixture using common spray
equipment. The nematodes were applied at a rate of 1x10¢ infective juveniles/m?. The dosage of
the fungi was 1 kg (1.5 1 in the case of Naturalis L®)/ha. The treatments started mid June and
were repeated up to six times in weekly intervals.



Insect pressure was low at all four sites, throughout the summer. T. tabaci was recorded only in
medium numbers (mean of 30 specimen/plant max.). In two trials, no differences were detected
between the treatments and the control. In the third trial (onion), a significant reduction was
recorded for the treatment ‘PreFeRal+Nemaplus’, both in the number of thrips/plant (2
compared to 6 in the control) and the frequency of infestation (38 % compared to 93 % in the
control), one week after the final application (3 times in total). Also in the fourth trial (leek), the
number of thrips/plant was lowest for the treatments ‘fungi+nematode’ (4 compared to 7 in the
control), one week after the final application (6 times in total). In this trial, yield was measured
additionally, and the weight/plant registered at harvest was 20 % higher for the treatments
‘Nemaplus’ and ‘Mycotal+Nemaplus’ than in the control (425 and 412 g/plant compared to 345
g respectively).

The results presented here, show that the use of biocontrol nematodes and fungi need not be
restricted to protected environments, field application against insects on the upper parts of
plants is possible. Moreover, their combination has the potential to give a better reduction of the
pest population than each agent alone. In consideration of the extreme weather conditions in
Germany in 2003, and in comparison to the effect of the chemical standards, the results are
regarded as promising. However, each crop situation needs its own proof of feasibility, since
factors like the microclimate, created by the plant’s individual characteristics and the canopy it
forms, may influence the activity of the pathogens and by this their efficacy.



